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ABSTRACT

Objectives: Serologic detection of prior severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection is needed for definition of convalescent plasma
donors, for confounding SARS-CoV-2 presentation, and
for seroprevalence studies. Reliable serologic assays with
independent validation are required.

Methods: Six SARS-CoV-2 antibody assays from Beckman
Coulter, Euroimmun (1gG, IgA), Roche, and Siemens

( Centaur, Vista) were assessed for specificity (n = 184),
sensitivity (n = 154 ), and seroconversion in a defined cohort
with clinical correlates and molecular SARS-CoV-2 results.

Results: Assay specificity was 99% or greater for all
assays except the Euroimmun I1gA (95% ). Sensitivity at
more than 21 days from symptom onset was 84%, 95%,
72%, 98%, 67%, and 96% for Beckman Coulter, Centaur,
Vista, Roche, Euroimmun IgA, and Euroimmun IgG,
respectively. Average day of seroconversion was similar
between assays (8-10 d), with 2 patients not producing
nucleocapsid antibodies during hospitalization.

Conclusions: SARS-CoV-2 nucleocapsid antibodies may
be less reliably produced early in disease than spike protein
antibodies. Assessment of convalescent plasma donors at
more than 30 days from symptom onset and seroprevalence
studies should use assays with defined sensitivity at

time points of interest because not all assays detected
antibodies reliably at more than 30 days.

© American Society for Clinical Pathology, 2020. All rights reserved.
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Key Points

e Independent validation of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) antibody automated assays has been lacking, and
correlation of semiquantitative results among assays is needed.

e High-throughput SARS-CoV-2 antibody assays demonstrate expected
specificity and sensitivity for clinical use.

e Assessment of SARS-CoV-2 antibody status at more than 30 days
varies among assays that may significantly affect seroprevalence and
convalescent plasma studies.

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a human-pathogenic betacoronavirus
that is the causative agent of coronavirus disease 2019
(COVID-19). This disease began in Wuhan, China, but
rapidly spread worldwide and was ultimately declared a
pandemic by the World Health Organization on March
11, 2020. As of July 28, 2020, there have been more than
16.3 million cases of COVID-19 with more than 650,000
deaths worldwide' and more than 4.2 million cases with
more than 147,000 deaths in the United States.

We are still learning about the immune response to
SARS-CoV-2 infection. Studies published to date sug-
gest that IgM and IgA seroconversion occurs at approx-
imately the same time, at days 5 to 14 after symptom
onset, whereas IgG seroconversion occurs slightly later,
at 10 to 14 days after symptom onset.” ' In addition, neu-
tralizing antibodies to both viral spike and nucleocapsid
proteins have been found in patients.”'""" The longevity
of this antibody response is also still under investigation.
Preliminary work found that the half-lives of antibodies
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recognizing the nucleocapsid, spike protein, and re-
ceptor binding domain of the spike protein are 52, 81,
and 83 days, respectively, with an estimated time to nega-
tivity of 50% of the seropositive population of 195, 532,
and 260 days, respectively.'> More work is needed to fur-
ther characterize the humoral response to SARS-CoV-2
infection.

There are several clinical reasons to measure SARS-
CoV-2-specific antibodies. First, COVID-19 convalescent
plasma is currently among the few available treatment op-
tions for COVID-19,"*'* and it is necessary to characterize
the SARS-CoV-2 antibody response of these individuals
before accepting them for plasma donation. They may
be used in selected cases to assist in the diagnosis of pa-
tients who present later in their disease course or when the
standard RNA detection methods are negative but clinical
suspicion is high and other diseases have been ruled out.
SARS-CoV-2 serologic assays may also be used for epi-
demiologic studies to determine the anti-SARS CoV-2 se-
roprevalence of a population and, relatedly, to determine
the frequency of asymptomatic infections. Finally, with
a concerted effort now focused on developing a SARS-
CoV-2 vaccine, measuring antibody responses will be an
essential component of determining vaccine efficacy.

To meet these testing needs, it is critical to have robust,
standardized tests to detect and characterize SARS-CoV-2
antibody response. Many commercially available tests have
been granted emergency use authorization (EUA) by the
US Food and Drug Administration. Few published studies
have independently evaluated and compared the perfor-
mance characteristics of these high-throughput assays."”"’
More studies such as these will be essential to compare and
potentially aggregate forthcoming results, especially from
seroprevalence and vaccination studies.

As a large health care provider, our medical center
has multiple instrumentation platforms and thus needed
to validate multiple SARS-CoV-2 EUA serologic tests.
We assessed the Beckman Coulter SARS-CoV-2 IgG,
Euroimmun Anti-SARS-CoV-2 IgA, Euroimmun
Anti-SARS-CoV-2 IgG, Roche Elecsys Anti-SARS-
CoV-2 Total Antibody, Siemens Centaur SARS-CoV-2
Total Antibody, and Siemens Vista SARS-CoV-2 Total
Antibody tests. All except the Roche assay target anti-
bodies against epitopes on the spike protein. In contrast,
Roche targets antibodies against nucleocapsid protein. In
this study, we examined each assay’s specificity (including
cross-reactivity with common coronaviruses) and sensi-
tivity in a cohort of 341 patient samples. Chart review
was performed to allow for assay consensus and clinical
correlation. To our knowledge, this study is the first to in-
dependently assess 6 high-throughput commercial SARS-
CoV-2 serologic assays head to head.
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Materials and Methods

Specimens

Remnant sera from specimens and data received in
the University of Pittsburgh Medical Center (UPMC)
clinical laboratory for routine testing between January
1, 2020, and May 31, 2020, were used for the study
under the auspices of UPMC Quality Assurance for
Clinical Laboratories and the University of Pittsburgh
institutional review board study 20040072, in compli-
ance with the World Medical Association Declaration
of Helsinki. These convenience sera were used to per-
form retrospective validation of the assays being con-
sidered for patient testing within the UPMC hospital
network. Lithium heparin and serum samples with sep-
arator gel were centrifuged and stored at 4°C for up to
2 weeks before storage at —20°C. Samples were banked
at —20°C for up to 3 months before analysis. Specimens
came from critically ill in-patients, patients undergoing
presurgical screening, or convalescent plasma donation
or as per standard of care. Specimen inclusion for spec-
ificity was based on availability of frozen specimens
from before SARS-CoV-2 was geographically present in
our catchment area. Specimen inclusion for seroconver-
sion required a specimen that was initially negative for
SARS-CoV-2 IgG or IgA and for which we had at least
2 subsequent specimens and a known positive SARS-
CoV-2 polymerase chain reaction (PCR) result. These
specimens were assessed by the Anti-SARS-CoV-2
1gG and Anti-SARS-CoV-2IgA ELISAs (Euroimmun
IgG and Euroimmun IgA; PerkinElmer Germany
Diagnostics), which we had validated for use as pro-
totype assays. Specimen inclusion for sensitivity was
based on SARS-CoV-2 known PCR or clinical status
and levels of SARS-CoV-2 IgG and IgA as assessed
by the Euroimmun assay. Seroconversion samples were
also included in the sensitivity assessment.

SARS-CoV-2 Assays

SARS-CoV-2 antibody assays were performed
in UPMC clinical laboratories, which are Clinical
Laboratory Improvement Amendments certified,
high-complexity laboratories. The sample cohort was
deidentified and aliquoted for assessment with the fol-
lowing assays: Beckman Coulter SARS-CoV-2 IgG
(AUS5800 analyzer; Beckman Coulter), Roche Elecsys
Anti—-SARS-CoV-2 Total (ecobas 400 analyzer; Roche),
Siemens SARS-CoV-2 Total (Centaur XP analyzer;
Siemens-C), and Siemens SARS-CoV-2 Total Antibody
(Vista 1500 analyzer; Siemens-V). Euroimmun Anti—
SARS-CoV-2 IgA and Euroimmun Anti—-SARS-CoV-2
IgG were performed manually and read on the Bio-Rad
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Laboratories iMark Microplate Absorbance Reader.
All assays were run according to the manufacturer’s in-
structions. All assays use units that are generated by
comparison to an internal calibrator or standard; when
referring to assay results collectively, we refer to these
units as index values for simplicity. Beckman Coulter,
Siemens-C, and Roche use an index of greater than 1.0
for positivity; Euroimmun IgA and IgG positivity uses
an index greater than 1.1; and Siemens-V positivity
uses an index greater than 1,000.

Other Laboratory Testing

PCR detection of SARS-CoV-2 RNA was reported
in patient charts as standard of care clinical testing, as
detected using the Cepheid GeneXpert or a laboratory-
developed test based on the Centers for Disease Control
and Prevention (CDC) protocol. Measurement of
positivity for antibodies against cytomegalovirus,
Epstein-Barr virus, HIV, herpes simplex virus types 1
and 2, syphilis, and toxoplasmosis was performed on
the BioPlex 2200 (Bio-Rad). Determination of anti-
bodies against hepatitis B and hepatitis C viruses was
performed on the Centaur XP (Siemens). Antinuclear
antibodies were determined by indirect immunofluores-
cence on the Helios (Aesku Group), and varicella zoster
IgM was assessed using the Wompole ELISA (Abbott).
Respiratory viruses including the endemic coronaviruses
(NL63, 229E, OC43, HKU1) were tested on the ePlex
respiratory pathogen panel (RVPE; GenMark Dx).
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Statistical Analysis

Figures and tables were created in Prism Graph Pad
(version 8.0) and Excel (Microsoft). Diagnostic sensitivity
calculations were calculated on the Anaconda 3 platform
using the pandas 1.0.3 library within Python 3.7.7.

Results

Specificity Testing

To assess the specificity of the SARS-CoV-2 anti-
body assays, we first tested specimens with prior corona-
virus (NL63, 229E, OC43, HKU1) molecular positivity
for possible antibody cross-reactivity (CoV; ETable 11). Of
the 12 blood samples tested, one was collected the day
after molecular testing; the remaining 11 were collected
5 to 28 days after molecular testing, allowing for assess-
ment of cross-reactivity in the convalescent window. No
cross-reactivity was exhibited except in 2 cases using the
Euroimmun IgA assay. We then assessed 33 samples from
patients with respiratory symptoms that warranted an
ePlex respiratory pathogen panel. These specimens were
drawn from 0 to 22 days after molecular testing, allowing
for assessment of acute and convalescent cross-reactivities
(Table 1). One specimen exhibited cross-reactivity in the
Beckman Coulter and both Euroimmun assays. This pa-
tient was critically ill with idiopathic pulmonary fibrosis
and serial lung transplants, in addition to stage III acute
kidney injury. One RVPE specimen had insufficient

ITable 10
Assay Specificity

Beckman
Specimen Coulter Siemens Centaur Siemens Vista Roche Euroimmun Euroimmun
Description No. IgG Total Total Total IgA IgA
ANA 18 0 0 0 0 2 0
CMV (IgG) N 0 0 0 0 0 0
CoV 12 0 0 0 0 2 0
EBV 1 0 0 0 0 1 0
HBV 6 0 0 0 0 0 0
HCV 10 0 0 0/9° 0 0 0
Healthy volunteers 24 0 0 0 0 1 0
HIV 19 0 1 0 0 1 0
HSV1/2 6 0 0 0 0 0 0
RPR/SYPH 21 0 0 0 0 2 0
Rubella 1 0 0 0 0 0 0
RVPE 33 1 0 0 0/32° 1 1
TOXG 4 0 0 0 0 0 0
\WAY, 8 0 0 0 0 0 1
Total 184 1 1 0 0 10 2
% Specificity 99.46 99.46 100.00 100.00 94.57 98.91

ANA, antinuclear antibodies; CMYV, cytomegalovirus; CoV, coronavirus; EBV, Epstein-Barr virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HSV1/2, herpes sim-
plex virus 1 or 2; RPR, rapid plasma reagin; SYPH, syphilis; TOXG, toxoplasmosis; VZV, varicella zoster virus.
*One specimen did not have sufficient quantity for this assay; total sample size for these tests is denoted in the denominator.
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volume to be measured on the Roche assay but was
measured on all other platforms and demonstrated no
cross-reactivity.

We also assessed samples that were positive for other
infectious disease serologies, autoimmunity markers, and
healthy volunteers (Table 1). The Euroimmun IgA dem-
onstrated several cross-reactivities (10/184) in samples
that tested positive for antinuclear antibodies, Epstein-
Barr virus, HIV, syphilis, coronaviruses, and RVPE. The
Euroimmun IgG exhibited cross-reactivity to a varicella-
zoster-reactive specimen, and the Siemens-C had 1
cross-reaction on an HIV-reactive specimen. Specificity
was greater than 99% for the Beckman Coulter, Roche,
Siemens-C, and Siemens-V assays. The Euroimmun IgG
assay had specificity of 98.9%; however, cross-reactivity
was noted for the Euroimmun IgA assay, with specificity
of 94.6%. No single specimen was shown to have cross-re-
activity in a majority of the assays.

Seroconversion

Samples from acutely infected and critically ill pa-
tients with SARS-CoV-2 with serial remnant specimens
that initially tested negative for either IgG or IgA anti-
bodies by the Euroimmun ELISA were assayed by other
tested methods (n = 11). These were sequential patients
and represented all patients who met these inclusion cri-
teria at the time of cohort consolidation. Day of symptom
onset was determined by chart review. It is notable that
symptom onset can be vague in chart reviews (eg, about
a week ago), but we found that the date from PCR posi-
tivity was less reliable because early in the pandemic, pa-
tients often were not tested until they were critically ill.
For these 11 patients, symptom onset was well defined in
the patient chart. Known viral exposure was often signif-
icantly earlier than symptom onset.

Index values were graphed against days from
symptom onset for each methodology to visualize se-
roconversion by method EFigure 10. The Euroimmun as-
says were outside a linear measurement range at a ratio
greater than approximately 10. The Siemens-C assay
has an upper limit of 10.0 index, and samples greater
than 10 are graphed as 10.1. Examination of average
day to seroconversion between assays ETable 28 demon-
strated that the Roche and Siemens-V assays detected
seroconversions earliest, followed by the Euroimmun
IgA, Siemens-C, Beckman Coulter, and Euroimmun
I1gG assays. In all patients without exogenous immuno-
suppressants, seroconversion occurred in less than 2
weeks. Assays had a difference in day of seroconversion
that ranged from 1 to more than 5 days between assays
for each patient (Table 2).

a Am J Clin Pathol 2020;XX:1-11
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Method differences are more apparent when index
values are graphed by patient against days from symptom
onset BFigure 20. Assays have different measurement ranges,
and truncated measurement is visible in the Euroimmun
IgG and IgA assays and the Siemens-C assay. Patients 2
and 5 did not produce a detectable nucleocapsid antibody
response, and patient 3 appears to have an attenuated an-
tibody response to nucleocapsid antigen.

Assay Sensitivity

Serologic assay sensitivity should be assessed, if pos-
sible, by examining antibody levels as a function of time
from infection. The samples available to us did not include
many from patients who were symptomatic but confirmed
those who were PCR negative; therefore, our assessment
of assay sensitivity has inherent biases. All samples used
in the seroconversion assessment were also included in
the sensitivity assessment (n = 69). Additional samples
that had SARS-CoV-2 IgG and IgA testing performed as
part of their clinical care (n = 15), presurgical bloodwork
(n = 12), or for donation of convalescent plasma (n = 58)
were also included for a total of 154 specimens that were
tested in all assays. Chart review was performed for all
specimens to retrieve available molecular SARS-CoV-2
testing, days from symptom onset, and clinical COVID-19
diagnosis if possible. If chart information was not avail-
able for patients donating convalescent plasma, they were
assigned days from symptom onset of more than 30 days
(graphed as 30 days) because this was a prerequisite for
enrolling patients for screening. Percentage agreement was
assessed among all samples, samples that were confirmed
as PCR positive for SARS-CoV-2, samples that were pre-
sumed molecularly positive (patients donating convales-
cent plasma), and samples at varying days from symptom
onset that were both PCR confirmed and presumed pos-
itive. Agreement for each assay was assessed between
the assay and the consensus of all assays, and agreement
for each assay was compared with the clinical diagnosis
ITable 30. Assay consensus was assigned the value split
when the assays were evenly divided and both reactive and
nonreactive were considered to be in agreement. The clin-
ical diagnosis was determined by PCR confirmation, and
chart review for physician-assigned or -excluded diagnosis
of SARS-CoV-2 infection. If chart review was unclear, the
clinical diagnosis was assessed as “equivocal” and either
R or NR were considered in agreement. For specimens
with either molecular SARS-CoV-2 positivity or clinical
diagnosis for convalescent plasma donation at more than
14 days after symptom onset, the sensitivity compared
with clinical status was 86%, 95%, 78%, 90%, 73%, and
96% for Beckman Coulter, Siemens-C, Siemens-V, Roche,
Euroimmun IgA, and Euroimmun IgG, respectively.

© American Society for Clinical Pathology
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BFigure 10 Seroconversion by assay. Serial remnant samples from 11 patients hospitalized for severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection were assayed for presence of antibodies against SARS-CoV-2 spike protein by the Euroimmun
lgG and IgA assays. The first 11 patients with a first sample negative for either IgG or IgA and at least 2 subsequent samples were
included in this cohort. Antibody results for these patients separated by assay are plotted vs days from symptom onset. Dotted line
represents assay cutoff for positivity. The units of measurement vary by assay and are indicated on their respective y-axes.

The concordance between assays was 97%, 97%, 86%, To allow for improved data visualization, days from
85%, 82%, and 99% for Beckman Coulter, Siemens-C, symptom onset were graphed against the log index value to
Siemens-V, Roche, Euroimmun IgA, and Euroimmun understand general SARS-CoV-2 antibody detection over
IgG, respectively. time between assays, all 135 specimens with documented
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ITable 20
Day of Seroconversion

Beckman

Coulter Siemens Centaur Siemens Vista Roche Euroimmun Euroimmun
Patient IgG Total Total Total IgA IgG
1 7 7 5 7 7 7
2 8 8 7 >12 8 8
3 10 10 10 13 10 1
4 9 9 9 9 7 9
5 15 15 15 >20 15 15
6 16 16 15 14 15 17
7 8 7 6 6 6 9
8 9 9 8 8 9 10
9 10 10 8 7 9 10
10 4 4 4 2 4 4
1 8.5 8.5 8.5 8.5 8.5 8.5
Average 9.5 9.4 8.7 >9.7 9.0 9.9

molecular SARS-CoV-2 testing, and clinical diagnosis for
convalescent plasma donation EFigure 30. At both earlier
and later time points, antibody detection varies between
assays. At more than 30 days, the Beckman Coulter,
Euroimmun IgA, and Siemens-V assays detected fewer
prior infections (46, 48, and 44 of 76, respectively; 6 and
7 equivocal by Beckman Coulter and Euroimmun IgA,
respectively) than the Roche, Siemens-C, and Euroimmun
IgG assays (60, 59, and 58 of 76 respectively; 11 equivocal
by Euroimmun IgG).

Discussion

Serologic identification of past exposure to SARS-
CoV-2 is currently of clinical and epidemiologic interest,
with a future interest in assessing antibody response in
vaccine trials.""” Specific, sensitive, and reliable assays
are required to meet these needs. Working in a large aca-
demic medical center, we sought to validate and compare
the new assays that would be implemented across our hos-
pital sites or that had been initially assessed early in the
pandemic.

Specificity testing indicated, as expected, that de-
tection of anti-SARS-CoV-2 IgA lacked sufficient spec-
ificity as a stand-alone screening test. All other tests
demonstrated sufficient specificity of approximately
99% (Table 1), although one critically ill patient with
idiopathic pulmonary fibrosis, serial lung transplants,
and stage 111 acute kidney injury demonstrated cross-re-
activity on both the Beckman Coulter and Euroimmun
IgG platforms but not in any of the total antibody plat-
forms. The specificity cohort was chosen to include spec-
imen types known to have higher cross-reactivity with
serologic testing than the general population. Because
of RNA testing limitations early in the pandemic, there

6 Am J Clin Pathol 2020;XX:1-11
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were an insufficient number of molecularly tested nega-
tive samples to provide the basis for adequate specificity
assessment. The samples we used were presumed nega-
tive, given their collection before known SARS-CoV-2
presence in our area, and assay concordance appears
to confirm that status. It is a limitation that molecular
SARS-CoV-2 testing was not performed to confirm
negativity in these samples. In addition, we were able
to address the concerns about cross-reactivity with the
common coronaviruses by assessing patient specimens
from early convalescent infection that would be expected
to have higher antibody titers, as these titers may wane
quickly. We found no evidence of cross-reactivity except
in the Euroimmun IgA assay.

A limitation of our specificity studies is the small
study size. Further studies are needed, particularly for use
of these assays in large-scale serosurveys, in which even
the minor cross-reactivities noted in this article will lead
to large inaccuracies in prevalence estimates due to low
pretest probabilities. Consequently, to determine true
positives, a validation assay is needed. Because we found
that the individual false positives (or cross-reactivities)
did not align across platforms, we suggest that any of the
IgG or total Ig platforms can be considered orthogonal
and thus used to confirm specificity, in accordance with
the current CDC interim testing guidelines for SARS-
CoV-2 antibody testing.”

Initial assessment of seroconversion was markedly
different between patients based on reported time from
symptom onset but similar between assays with only
minor average differences overall (Table 2). Patient 10 ap-
pears to have had early seroconversion, but this patient
was transferred to the hospital from an assisted care fa-
cility with other positive cases of SARS-CoV-2 where
this patient’s initial mild symptoms may have also been
overlooked as they presented with significant hypoxia

© American Society for Clinical Pathology
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IFigure 20 Seroconversion by patient. Serial remnant samples from 11 patients hospitalized for severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) infection were assayed for presence of antibodies against SARS-CoV-2 spike protein
by the Euroimmun IgG and IgA assays. The first 11 patients with a first sample negative for either IgG or IgA and at least 2
subsequent samples were included in this cohort. Antibody results for each assay separated by patient are plotted vs days
from symptom onset. Dotted line at 1.0 represents assay cutoff for positivity for Beckman Coulter, Siemens, and Roche. The
cutoff value for Euroimmun is 1.1, which is approximated by the dotted line. Vista QUAL units have been brought within the

range of other assays by dividing by 1,000, with resultant assay cutoff for positivity of 1.0.
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ITable 30
Qualitative Positive Agreement Between Assays (%)
Beckman Siemens Siemens Euroimmun Euroimmun
No. Coulter Centaur Vista Roche IgA IgG
Assay Vs assay consensus
All specimens 1542 96 97 90 83 84 94
PCR positive 100° 96 98 90 78 85 95
PCR and presumptive positive 132° 96 98 89 81 86 95
>7d 142 97 97 89 81 86 96
>14d 74° 97 97 86 85 82 99
>21d 57 96 96 84 93 77 98
Assay vs clinical status
All specimens 1561° 81 84 79 81 72 81
PCR positive 100° 78 78 79 75 68 77
PCR and presumptive positive 132° 80 83 78 80 70 81
>7d 1142 87 91 83 84 75 89
>14d 747 86 95 78 90 73 96
>21d 57 84 95 72 98 67 96

PCR, polymerase chain reaction.
“Roche is n-1.

(Figure 1, Table 2). Patients 5 and 6 had later seroconver-
sion than other patients (Figure 1, Table 2). Patient 5 was
immunosuppressed with liver and renal transplantation
history, likely accounting for a delayed seroconversion.
Patient 6 did not have a history of immunosuppression
but was recently diagnosed with an adenocarcinoma
of the colon, which may have contributed to either sec-
ondary immune suppression or unclear symptom onset
due to comorbid conditions. All of the 11 patients pro-
ceeded to critical illness, which likely accounts for the
early trending seroconversion overall and is in keeping
with other studies that demonstrate earlier seroconver-
sion for severe disease but later seroconversion for mild
and asymptomatic disease.”*'

The assays generally demonstrate high index
levels of antibody response in these critically ill pa-
tients, which is in keeping with current findings that
severe illness tends to correlate with high antibody
titers.™' Although some assays had reasonably low
upper ranges for antibody index levels, the Beckman
Coulter, Siemens-V, and Roche assays all demonstrated
that antibody titers for several patients continued to
rise through the course of their in-patient stay, whereas
other patients appeared to plateau (Figure 2). We did
not find any correlations with disease course and con-
tinued antibody rise or plateau, although the number
of patients was small and thus could miss a small but
significant correlation. Interestingly, critically ill pa-
tients did not seem to have a uniform antibody response
to nucleocapsid protein, as detected by the Roche assay.
Unfortunately, we had only 1 nucleocapsid antibody
assay; consequently, between-assay comparisons could
not be made. Two patients (patients 2 and 5) failed to
generate detectable nucleocapsid antibodies despite

8 Am J Clin Pathol 2020;XX:1-11

DOI: 10.1093/ajcp/aqaa228

robust antibodies against the receptor-binding or spike
protein domains. Patient 3 barely produced detectable
nucleocapsid antibody at day 14 after symptom onset,
despite seroconversion for antibodies against spike pro-
tein from around day 10 for most assays. This is curious
because one would expect that patients who are severely
ill would have more replication, leading to greater nucle-
ocapsid presentation. Differential antibody responses
have been noted in patients infected with SARS-CoV-2;
however, T-cell responses to spike, N, and M appear
to be codominant.* It is unclear if the differences be-
tween immune responses are temporal, intrapatient, or
method dependent, and further larger scale studies are
needed to tease out these differences.

Our assessment of overall assay sensitivity found
significant differences, particularly for samples more
than 21 days from symptom onset (Table 3, Figure 3).
Euroimmun IgA detection appeared to begin to wane
in many patients after 30 days, which is not unex-
pected and may serve to aid in identification of more
recent viral exposure. This identification could be of
use as we progress to subsequent waves of SARS-
CoV-2 outbreaks and may have an epidemiologic
need to differentiate exposure in prior vs current out-
breaks. The Roche antinucleocapsid assay appeared
to continue to robustly detect prior SARS-CoV-2 in-
fection at later time points. Our time points are likely
insufficient to detect significant titer waning in nu-
cleocapsid, as the recently reported half-life of these
titers is estimated to be approximately 2 months."
For the subgroup at more than 21 days, there was
heterogeneity among the anti-spike protein assays,
despite close agreement between assays when earlier
time points were included (Table 3). The Euroimmun

© American Society for Clinical Pathology
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IFigure 30 Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antibody reactivity compared with symptom onset.
Remnant samples from patients hospitalized for SARS-CoV-2, having SARS-CoV-2 antibody testing performed as part of their
medical care, or being assessed for convalescent plasma donation were assessed (n = 135). Patients being screened for
convalescent plasma donation without chart notes with symptom onset information or polymerase chain reaction testing
information were assigned a value of 30 days after symptom onset, as this was the minimum amount of time required be-
fore screening for plasma donation. Patients were classified as hospitalized for coronavirus disease (COVID), not hospitalized
for COVID, or unknown status based on chart review. Results for this cohort are plotted separated by assay vs days from

symptom onset. Dotted line represents assay cutoff for positivity.
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IgG and Siemens-C assays both detected antibody re-
sponse in most specimens at more than 21 days (96%
and 95%, respectively), but the Beckman Coulter and
Siemens-V assays missed a larger percentage of cases
(sensitivity of 84% and 72%, respectively). This result
raises concerns that seroprevalence studies may vary
significantly based on the serologic assay utilized,
even when the assays are from reliable manufacturers
with proven methodologies and have similar tar-
gets and initial specificity and sensitivity measures.
The Siemens-C and Siemens-V assays, despite both
being total SARS-CoV?2 antibody assays against the
same antigen, provided different responses at more
than 21 days. This difference may be due to method
differences between the platforms and highlights
the need to robustly test assays in the appropriate
population for intended use. It is a significant lim-
itation that we do not have patients that span the
time period from acute seroconversion to late con-
valescence or pairwise comparison. In addition, pa-
tients with symptom onset at less than 21 days were
predominantly hospitalized for COVID-19, whereas
patients with symptom onset at more than 21 days
were predominantly unhospitalized with a mild di-
sease course. A mild disease course often produces a
lower titer antibody response than severe illness from
SARS-CoV-2,"%* and that may bias these data.
Overall, we have shown that all manufacturers’ IgG or
total anti-SARS-CoV2 assays have acceptable specificity.
The serologic detection of SARS-CoV-2 spike protein anti-
bodies in critical illness can be detected in under 2 weeks
for patients without immune complications, although nu-
cleocapsid antibodies may be less reliably produced early
in disease. Assessment of convalescent plasma donors at
more than 30 days from symptom onset should be under-
taken on assays that have been correlated with plaque
reduction neutralization assays; it is unclear if the differ-
ences noted at later time points in this study may reflect
loss of neutralizing antibodies or limitations of the assays.
Seroprevalence studies should likewise ensure that the sen-
sitivity of the assay used is known or calculated for the
time from infection being assessed in the study. These find-
ings should be further corroborated by larger studies or by
meta-analysis as additional information becomes available.
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