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ABSTRACT Serological assays for SARS-CoV-2 antibodies must be validated for perform-
ance with a large panel of clinical specimens. Most existing assays utilize a single antigen
target and may be subject to reduced diagnostic specificity. This study evaluated a multi-
plex assay that detects antibodies to three SARS-CoV-2 targets. Human serum specimens
(n = 323) with known previous SARS-CoV-2 exposure status were tested on a commercially
available multiplex bead assay (MBA) measuring IgG to SARS-CoV-2 spike protein receptor-
binding domain (RBD), nucleocapsid protein (NP), and RBD/NP fusion antigens. Assay per-
formance was evaluated against reverse transcriptase PCR (RT-PCR) results and also com-
pared with test results for two single-target commercial assays. The MBA had a diagnostic
sensitivity of 89.8% and a specificity of 100%, with serum collection at >28 days following
COVID-19 symptom onset showing the highest seropositivity rates (sensitivity: 94.7%). The
MBA performed comparably to single-target assays with the ability to detect IgG against
specific antigen targets, with 19 (5.9%) discrepant specimens compared to the NP IgG assay
and 12 (3.7%) compared to the S1 RBD IgG assay (kappa coefficients 0.92 and 0.88 com-
pared to NP IgG and S1 RBD IgG assays, respectively. These findings highlight inherent
advantages of using a SARS-CoV-2 serological test with multiple antigen targets; specifically,
the ability to detect IgG against RBD and NP antigens simultaneously. In particular, the
100.0% diagnostic specificity exhibited by the MBA in this study is important for its imple-
mentation in populations with low SARS-CoV-2 seroprevalence or where background anti-
body reactivity to SARS-CoV-2 antigens has been detected.

IMPORTANCE Reporting of SARS-CoV-2 infections through nucleic acid or antigen
based diagnostic tests severely underestimates the true burden of exposure in a popu-
lation. Serological data assaying for antibodies against SARS-CoV-2 antigens offers an
alternative source of data to estimate population exposure, but most current immuno-
assays only include a single target for antibody detection. This report outlines a direct
comparison of a multiplex bead assay to two other commercial single-target assays in
their ability to detect IgG against SARS-CoV-2 antigens. Against a well-defined panel
of 323 serum specimens, diagnostic sensitivity and specificity were very high for the
multiplex assay, with strong agreement in IgG detection for single targets compared
to the single-target assays. Collection of more data for individual- and population-level
seroprofiles allows further investigation into more accurate exposure estimates and
research into the determinants of infection and convalescent responses.

KEYWORDS COVID-19, SARS-CoV-2, antibody, multiplex bead assay

evelopment and implementation of high-quality serological assays for SARS-CoV-2
antibody detection is an important component in the ongoing COVID-19 pan-
demic response (1). Detection of antibodies can serve a critical public health role in
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identifying individuals with prior SARS-CoV-2 infection and estimating seroprevalence
in populations, especially for patients who have had subclinical infection (2, 3). As of
October 2021, more than 600 commercial SARS-CoV-2 serological assays were currently
on the global market or in development (4); however, the majority of these rely on a
single antigen target for antibody capture and detection. The spike glycoprotein (often
the receptor-binding domain [RBD]) or the nucleocapsid protein (NP) are commonly
utilized antigens in antibody detection assays. While single-target antibody detection
assays can exhibit diagnostic sensitivity and specificity approaching 100%, they may
have suboptimal performance in low-seroprevalence populations or, perhaps, be sub-
ject to cross-reactivity from antibodies to other human coronaviruses (5-7) or to other
pathogens in the areas of endemicity, including malaria and dengue (8-10). Serology
assays which utilize multiple targets represent a viable strategy for achieving robust
seroprevalence estimates, because their result algorithms offer inherent redundancy
based on a consensus call (11). Multiplex assays may also serve a role in differentiating
the antibody responses induced by vaccination or from natural infection (12).
Although several commercial multiplex bead assays (MBAs) have been recently
released for SARS-CoV-2 antibody detection (13, 14), additional studies with this type
of assay platform are needed, ideally utilizing larger clinical specimen cohorts.

In this study, we evaluated the FleximmArray SARS-CoV-2 Human IgG Antibody
Test developed by Tetracore, Inc. (Rockville, MD). This commercially available serologi-
cal MBA allows the simultaneous detection of IgG antibodies against the receptor-
binding domain epitope of the spike glycoprotein S1 subunit, IgG against nucleocapsid
protein, and IgG against a fusion protein of the two (RBD/NP). Notably, this assay gen-
erates an overall call of “seropositive” for SARS-CoV-2 IgG only if all three targets are
individually positive.

Here, we evaluated the sensitivity and specificity of this MBA, and also compared its
performance to two commercially available single-antigen SARS-CoV-2 serology assays,
using human serum specimens provided by the Centers for Disease Control and
Prevention (CDC) COVID-19 Laboratory Task Force.

RESULTS

For the 323 serum specimens utilized in this study, patient demographics and
COVID-19 RT-PCR testing data are listed in Table 1. Univariate and adjusted modeling was
performed for potential associations between patient demographics and SARS-CoV-2
assay seropositivity. After adjusting for covariates, the only significant association was seen
with reduced odds of seropositivity for participants in the “Other” race category. The num-
ber of days between COVID-19 symptom onset and subsequent serum collection ranged
from 6 to 83 days; a histogram showing the distribution of days between COVID-19 symp-
tom onset and serum collection is shown in Fig. S1 in the supplemental material.

We performed the MBA on all serum specimens on three consecutive days and
found a high degree of agreement for the qualitative results obtained: 311 (or 96.3%)
specimens concordantly tested either seropositive or seronegative across all 3 days.
The 12 specimens with variation had a high degree of “equivocal” calls for one or more
antigen targets, indicating a quantitative result near the assay seropositivity threshold.

Corresponding patient results from previous SARS-CoV-2 RT-PCR testing were used
to calculate overall diagnostic sensitivity and specificity (Table 2). Eleven specimens
(3.4%) were excluded from this analysis because they did not have corresponding data
for SARS-CoV-2 RT-PCR diagnostic testing. The MBA results yielded a diagnostic sensi-
tivity of 89.8% and a specificity of 100.0%. Because an overall seropositive call for the
MBA requires IgG positivity to all three antigen targets (recommended by the manufac-
turer), we also performed additional exploratory analysis using data from each antigen
target individually (RBD, NP, or the RBD/NP fusion antigen) (Table 2). Sensitivity esti-
mates were comparable among the three targets, ranging from a low of 90.8% for the
RBD/NP fusion to a high of 92.9% for NP antigen. Specificity was lowest for the NP anti-
gen (94.8%), followed by the RBD (95.7%), and was highest for RBD/NP fusion antigen
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TABLE 1 Characteristics of the study population and associations with SARS-CoV-2 multiplex seropositivity®

Microbiology Spectrum

Association with SARS-CoV-2 multiplex assay seropositivity

No. with data Univariate analysis Multivariate analysis
Characteristic available, n (%) result (95% ClI) result (95% Cl)
Sex 322
Male 203 (63) Referent (1.0) Referent (1.0)
Female 119 (37.0) 4.82(2.86-8.11) 0.89(0.41-1.92)
Age (mean =46 yrs, range = 19-88 yrs) 312 1.00 (0.99-1.02) 1.01 (0.98-1.03)
Race 280
African American 46 (16.4) 0.07 (0.03-0.16) Invalid (0.001-999.9)
American Indian 2(0.7) 0.34 (0.02-5.53) 0.22 (0.01-4.10)
Asian 5(1.8) 1.36 (0.15-12.43) Invalid (0.001-999.9)
Caucasian 209 (74.6) Referent (1.0) Referent (1.0)
Other 18 (6.4) 0.10 (0.03-0.31) 0.08 (0.02-0.32)
Ethnicity 213
Hispanic/Latino 111 (52.1) 0.47 (0.24-0.89) 0.85 (0.35-2.07)
Non-Hispanic/Latino 102 (47.9) Referent (1.0) Referent (1.0)
COVID-19 symptoms 298
Symptomatic 174 (58.4) 2.20(1.37-3.54) 1.20 (0.49-2.94)
Asymptomatic 124 (41.6) Referent (1.0) Referent (1.0)
Days between symptom onset and serum 135 See analysis in Table 3, Table S1, Fig. S1
collection (mean = 28, median = 22,
range = 6-83)

995% Cl, 95% confidence interval.

(100.0%). Positivity to a single antigen target and previous RT-PCR positivity were also
investigated. Among all specimens with corresponding RT-PCR results (n = 312), 12
(3.8%) had positive calls for only one or two targets and were therefore called SARS-
CoV-2 IgG seronegative. Of these 12, 1 was positive only to NP, 9 were positive to both
RBD and NP, and 2 were positive to NP and the RBD/NP fusion.

Outcomes of univariate and multivariate logistic regression between patient covari-
ates and the overall MBA test result are summarized in the final column of Table 1.
Positive associations were found between assay results and female sex, as well as with
previous reporting of COVID-19 symptoms, using univariate logistic regression.
However, these associations were not found to be statistically significant after adjust-
ing for other variables with multivariate analysis.

The assay’s diagnostic sensitivity was examined for impact by the time between an
individuals’ onset of symptoms and when a serum specimen was collected. Sensitivity
gradually increased with increasing time since infection and was the highest for serum
specimens collected more than 28 days following symptom onset, 94.7% (95% confi-
dence interval [Cl]: 82.3 to 99.4%), versus 87.5% (47.4 to 99.7%) for specimens collected

TABLE 2 RT-PCR-identified diagnostic sensitivity and specificity of the multiplex bead assay
kit by overall call and individual antigen targets®

Sensitivity (%) Specificity (%)
Target Value® LL UL Value® LL UL
Overall 89.80 84.68 93.65 100.00 96.87 100.00
RBD 91.84 87.08 95.26 95.69 90.23 98.59
NP 92.86 88.31 96.04 94.83 89.08 98.08
RBD/NP fusion 90.82 85.87 94.47 100.00 96.87 100.00

9RT-PCR, reverse transcriptase PCR; n = 312 specimens with full data available for analysis.
bValues with 95% confidence intervals (LL, lower limit; UL, upper limit) were calculated for the assays’ overall call
and for each individual antigen (RBD, receptor binding domain of spike protein; NP, nucleocapsid protein).
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TABLE 3 Diagnostic sensitivity of overall multiplex assay call stratified by the time between
COVID-19 symptom onset and serum collection (n = 135)

Sensitivity (%)

Collection time (days) N of samples Value® LL UL

0—14 10 87.50 47.35 99.68
15—28 87 86.90 77.78 93.28
>28 38 94.74 82.25 99.36

aValues shown with 95% confidence intervals (LL, lower limit; UL, upper limit).

less than 15 days post-symptom onset and 86.9% (77.8 to 93.3%) for those collected
between 15 and 28 days post-symptom onset (Table 3). Analyzing time to serum col-
lection as a continuous variable yielded steady increases in seropositivity to individual
targets (Fig. S2). Only minor and nonsignificant variation was noted between time to
serum collection and a seropositive call for individual antigen targets between 18 and
60 days after COVID-19 symptom onset.

The MBA was compared against two commercially available SARS-CoV-2 serological
assays which each detect antibodies to a single antigen target: NP for the Abbott
SARS-CoV-2 IgG assay, and S1 for the Ortho VITROS Anti-SARS-CoV-2 Total assay.
Compared to the Abbott assay, the positive percent agreement (PPA) of the multiplex
NP antigen result was 95.26%, the negative percent agreement (NPA) was 98.50%, and
the overall agreement was 96.59% (kappa coefficient: 0.88). A power function trendline
and R? value (0.61) for the quantitative results are shown in Fig. 1A. Of the 323 speci-
mens, 19 (5.9%) had discrepant results between the two assays. Most of these (n = 17)
had positive results for the MBA and negative results for the Abbott assay. Compared
to the Ortho assay, the PPA of the multiplex RBD antigen result was 97.78%, the NPA
was 95.10%, and the overall agreement was 96.59% (kappa coefficient 0.92). Figure 1B
shows the power function trendline and R? value (0.67) for comparison of quantitative
results. Discrepant results were obtained for 12/323 (3.7%) of specimen calls. Of the 31
discrepant results from both assay comparisons, 6 corresponded to the same speci-
men, for a total of 25 discrepant specimens.

Based on RT-PCR determination of SARS-CoV-2 exposure, for these 25 discrepant
specimens, most (18; 72%) were falsely negative for SARS-CoV-2 IgG (type 2 error), 1
specimen (4.0%) was falsely positive by the Abbott assay (type 1 error), and 6 (33.3%)
were falsely positive on the Tetracore MBA for only one or two antigens; however, the
overall assay call was negative and therefore correct (Table S2 in the supplemental mate-
rial). Of the 12 specimens described above with only one or two positive antigen targets
on the MBA, six were true negatives for SARS-CoV-2 infection and also tested negative
on the Abbott and Ortho assays. The multiplex results for these included two specimens
positive for both RBD and NP, and one specimen positive for NP only. The other six
specimens were true positives for previous SARS-CoV-2 infection. Two tested positive on
both the Abbott and Ortho assays (and were positive for both the NP and RBD/NP fusion
targets on the multiplex assay). The other four yielded false-negative results from the
Abbott assay (and were positive for both the RBD and NP targets on the MBA).

DISCUSSION

In response to the COVID-19 pandemic, numerous SARS-CoV-2 serological assays have
been developed in a relatively short time frame (1, 4). Most commercially available assays
detect antibodies to a single target antigen; while many single-target assays exhibit high
sensitivity and specificity, these important metrics of assay performance can be negatively
impacted when testing is performed in areas of low SARS-CoV-2 seroprevalence and wan-
ing 1gG responses (11, 15) and can also be subject to cross-reactivity with antibodies against
other pathogens (5-10). Assays with more than one target antigen can help address these
issues and may offer additional advantages, such as differentiation of antibodies produced
during natural SARS-CoV-2 infection from those that are vaccine-induced (16). It is not
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FIG 1 Comparison of multiplex bead assay results to results from two single antigen-based SARS-
CoV-2 antibody assays. (A) The nucleocapsid protein (NP) antigen results from the multiplex assay
were compared to those from the Abbott SARS-CoV-2 IgG assay. (B) Receptor-binding domain (RBD)
antigen results from the multiplex assay were compared to those from the Ortho VITROS Anti-SARS-
CoV-2 Total assay. Black dashed lines represent assay cutoffs: median fluorescence intensity (MFI)
ratio of 1.2 for the multiplex assay, index of stored calibrator luminescent signal divided by a stored
calibrator luminescent signal (S/C) of 1.4 for Abbott, and specimen luminescent signal divided by the
luminescent signal at cutoff (S/C) of 1.0 for Ortho. Power function trendlines (red dashed lines) are
shown with R? values. Unfilled data points represent specimens with discrepant results between the
two assays.

currently recommended to use antibody test results to assess immunity to SARS-CoV-2
following COVID-19 vaccination, in part because some antibody tests will not detect the
antibodies generated by COVID-19 vaccines (17). If multiplex serological assays are
employed for vaccination surveillance studies, careful consideration should be given to
the vaccine(s) available to a particular region or population and which specific viral ele-
ments they include. Additionally, there is currently no level of IgG antibodies known to
have a protective association against SARS-CoV-2 infection, so serosurveillance could be

May/June 2022 Volume 10 Issue 3

Microbiology Spectrum

10.1128/spectrum.01054-22

5

Downloaded from https://journal s.asm.org/journal/spectrum on 21 October 2022 by 50.204.79.82.


https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.01054-22

SARS-CoV-2 Multiplex Serology Assay Evaluation

utilized to estimate exposure to either natural infection or vaccination but not, presently,
to estimate individual or population protection against the virus.

Here, we evaluated a commercially available multiplex bead assay kit (FleximmArray
SARS-CoV-2 Human IgG Antibody Test, Tetracore, Inc.) which measures IgG antibodies
against RBD, NP, and RBD/NP fusion proteins. Against this serum panel of 312 specimens
with RT-PCR results, the MBA demonstrated high diagnostic sensitivity (89.8%) and speci-
ficity (100.0%). While the overall call of “IgG seropositive” for this assay relies on detec-
tion of 1gG against all three target antigens, we also performed exploratory analysis of
the sensitivity and specificity using each individual antigen target. Relying on a single
target did not negatively impact diagnostic sensitivity, but it did lead to modest reduc-
tion of diagnostic specificity if considering the RBD or NP targets alone. This observed
impact on assay specificity highlights the inherent advantage of using an assay with mul-
tiple target antigens (11, 18). A crude odds ratio estimate noted a significant, positive
association between the multiplex result for IgG seropositivity and previously reported
COVID-19 symptoms, and this relationship has been reported before (19, 20). This char-
acterization of asymptomatic SARS-CoV-2 infections suggests association with shorter-
lived antibody responses and reduced viral loads, which may have contributed to the
observations in this current study (21, 22).

Testing on three consecutive days demonstrated the high reproducibility of the
MBA (96.3% of specimens had full qualitative agreement). Specimens with different
results across the 3 days were noted to have a high number of “equivocal” calls for one
or more antigens. It was initially attempted to resolve these following the assay kit
instructions for use (IFU), which advise re-testing specimens with any equivocal results
in duplicate to allow for a tiebreaker. However, there were three specimens where the
output was consistently “equivocal” for two antigens and seropositive for the third
from all technical replicates. Because there was no possibility of collecting or testing
serum specimens from later in convalescence, consultation with the assay manufac-
turer recommended calling these repeating “equivocal” sera negative. Additional stud-
ies from our group have demonstrated the high inter-laboratory reproducibility of this
assay, its scalability for large numbers of specimens, and its accurate performance with
dried blood spot specimens (manuscript in preparation). The inclusion of positive and
negative assay controls and clearly defined cutoffs in this kit represent important qual-
ity indicators for serological testing of clinical specimens (23-25).

This study characterized the impact of time between onset of COVID-19 symptoms
and serum collection for serology testing on the MBA's diagnostic sensitivity.
Sensitivity increased as the time to serum collection increased, with the highest value
(94.7%) observed for specimens collected >28 days after the patient’s initial reporting
of symptoms. This increasing trend was clear, although sample size varied substantially
between the three categories of time to serum collection and likely accounted for the
similarity in upper limits of variation. Time to collection was also analyzed as a continu-
ous variable for each individual antigen target, and it was similarly found that the
probability of a seropositive call increased steadily over time, plateauing at around
60 days post-symptom reporting. We observed no substantial variations in these
trends among the three antigens. While the full duration of detectable SARS-CoV-2 IgG
antibodies after infection remains unclear, multiple studies have demonstrated an ini-
tial rise of IgG and IgM antibodies within the first few weeks and reported detectable
antibodies months later (26-28). We speculate that specimens with a false-negative
serological result may have been collected at an earlier time following COVID-19 symp-
tom onset; the average time between symptom onset and serum collection for this
group was 19.6 days, ranging from 14 to 47 days. Of the seven specimens with false-
positive results (or partial false positivity on the MBA), six had been collected in
September 2019 and one had been collected in May 2020, but the latter patient had a
negative SARS-CoV-2 RT-PCR result and was IgG-positive for the NP only by MBA. It is
possible this individual had a viral load below the detection limit of RT-PCR or, more
likely, a positive NP IgG signal due to previous exposure to other human coronaviruses
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and IgG cross-binding to similar epitopes, as has been observed previously (6, 10). The
dynamics of antibody development and persistence have been shown to impact the
performance of SARS-CoV-2 serological assays, with optimal sensitivity reported for
specimens collected at least 15 days after the onset of symptoms (29). This is reflected
in current CDC guidelines, which recommend collecting serum following a 3-week pe-
riod after the onset of illness for accurate seropositivity assessment (2, 17, 30).
Determining these time frames is especially difficult for people with asymptomatic
SARS-CoV-2 infections, who may develop antibody responses outside a 3-week period
or develop no apparent response (31, 32).

Overall good agreement was noted in comparison with the Abbott and Ortho
assays, though there were low proportions of discrepant results between Tetracore
and Abbott (5.9%) and between Tetracore and Ortho (3.7%) which corresponded to 25
total specimens. Reviewing SARS-CoV-2 infection data showed that discrepant speci-
mens were most associated with a false-negative call by either the Abbot or Ortho
assays. This discrepant group had a modest time post-symptom onset (19.6 days on av-
erage), which may indicate a lower concentration of IgG antibodies in the specimen;
this time period falls before the CDC-recommended 3-week window for serum collec-
tion (17, 29, 30). This is supported by other findings: shorter times from symptom onset
to serum collection were associated with reduced diagnostic sensitivity, and survival
analysis showed a period of 19.6 days to be associated with a probability of MBA sero-
positivity of only about 0.3. However, discrepancies between these results could also
be related to several technical or biological factors, including differences in assay tech-
nologies, different operators, or degree of epitope similarity for the target antigens in
each assay (which is not readily available for proprietary assay kits). Utilizing clinical
specimens from heterogeneous human populations also introduces an inherent range
of immune responses, with subtle changes expected based on genetics, immune expe-
rience, and the specific pathogen. Few studies have directly compared the results of
multiple SARS-CoV-2 serological assays, but assay sensitivity values ranging from
63.0% to 94.8% have been reported and vary by assay platform, targeted antibody iso-
type(s), and study population (2, 33).

This study is limited in that all specimens were obtained from commercial sources
within the United States, so our findings are not necessarily generalizable to patient
populations in other global regions. Additionally, all RT-PCR specimens were from
2020, so infection with other SARS-CoV-2 variants which have arisen after 2020 may
elicit different IgG-binding capacities for this assay (34, 35). The sample set of persons
without SARS-CoV-2 infection exposure partially relied on negative RT-PCR results from
a single time point, which may not preclude prior exposure in early 2020. Finally, se-
rum was collected at a single time point for each subject; since the probability of sero-
positivity increases with time following SARS-CoV-2 infection, inclusion of specimens
from earlier time points may have increased the number of false-negative assay results.
Including serial specimens from the same individuals would better confirm their true
SARS-CoV-2 IgG status, especially for specimens with assay signal values near the sero-
positivity thresholds.

The MBA developed by Tetracore, Inc. was found to be a highly sensitive and spe-
cific method for detecting antibodies to three SARS-CoV-2 targets. The use of multiple
antigen targets showed a diagnostic specificity of 100% in this sample set, which is an
especially key factor in populations with low disease prevalence or where background
seropositivity has been observed.

MATERIALS AND METHODS

Study specimens. Residual human serum specimens (n = 323) were provided by the CDC COVID-19
Laboratory Task Force and sourced in 2020 via BiolVT, iSpecimen, StemExpress, and Emory University
(36), and included 196 (60.7%) with a previous positive RT-PCR SARS-CoV-2 result. Specimens were con-
sidered negative for SARS-CoV-2 exposure if they were collected prior to September 2019 (prior to the
COVID-19 pandemic), or if they were collected after January 2020 but the patient had a negative SARS-
CoV-2 RT-PCR test result from a nasopharyngeal specimen. Upon receipt at the CDC in Atlanta, GA, each
specimen was thawed and aliquoted into multiple vials for storage at —80°C and later distribution.
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Specimens were heat-treated for 10 min at 56°C to inactivate any pathogens, and then assayed in a
blinded fashion.

Human serum specimens were provided for this study by the CDC. This activity was reviewed by the
CDC and conducted in a manner consistent with applicable federal law and CDC policy (e.g., 45 C.F.R.
part 46.102(1)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.). This study
was approved by the CDC Institutional Review Board (project ID 0900f3eb81c1b13d).

Multiplex bead assay performance. All specimens were tested with the Tetracore FleximmArray
SARS-CoV-2 IgG kit (Tetracore, Inc., Rockville, MD) following the manufacturer’s instructions for use (37).
In summary, this assay utilizes magnetic microspheres coupled with unique recombinant proteins for
SARS-CoV-2 (RBD, NP, and RBD/NP fusion). The assay kit also includes four different internal controls for
monitoring each step of assay performance. External positive-control, negative control, and calibrator
reagents are also provided in the kit and were run in duplicate wells on every assay plate. Serum speci-
mens tested in singlet were diluted 1:400 in assay kit sample dilution buffer, immediately mixed with
the antigen-coated microspheres in a 96-well plate, and incubated for 20 min by gentle shaking at room
temperature protected from light. Plates were washed four times with assay wash buffer, and serum IgG
antibodies were detected by incubation with phycoerythrin (PE)-conjugated anti-human IgG for 20 min
under gentle shaking protected from light. Plates were washed four times and the microspheres were
resuspended in wash buffer and analyzed using a Luminex MAGPIX instrument (Luminex Corporation,
Austin, TX) with a target of 50 beads per region.

Data analysis. Specimen testing results were calculated following the Tetracore IFU and using the
mean of the calibrator median fluorescence intensity (MFI) for each antigen target. The MFI for each test
specimen was divided by the mean calibrator MFI to determine an MFI ratio. The algorithm used to cal-
culate a qualitative estimate of human IgG against the three SARS-CoV-2 antigens is shown in Table S1
in the supplemental material. For calculating assay sensitivity and specificity, SARS-CoV-2 RT-PCR results
were considered the gold-standard assay designation, in accordance with the time frames in 2019 and
2020 described above.

Specimens had been previously tested by the CDC Laboratory Task Force using two commercially
available SARS-CoV-2 serology assays: the Abbott SARS-CoV-2 IgG assay (Abbott Diagnostics, Abbott Park,
IL) and the Ortho VITROS Anti-SARS-CoV-2 Total assay (Ortho Clinical Diagnostics, Rochester, NY). Both
assays, authorized by the FDA under an emergency use authorization, utilize a single antigen target: the
Abbott SARS-CoV-2 IgG assay measures IgG against NP, while the Ortho VITROS Anti-SARS-CoV-2 Total
assay measures total Ig against the S1 subunit of the spike protein. Results from the Abbott assay were
provided as indices of the specimen luminescent signal divided by a stored calibrator luminescent signal
(S/C), while results from the Ortho assay were provided as the specimen luminescent signal divided by the
luminescent signal at cutoff (also abbreviated S/C) (38, 39). Since neither of these assays represent a “gold
standard” immunoassay, positive percent agreement and negative percent agreement were calculated to
compare the results from these assays to those of the MBA.

Associations between population demographics, individual antigen results, and overall MBA results
were investigated in SAS v9.4 (SAS Institute, Cary, NC) by the “proc logistic” procedure with an alpha sig-
nificance level of 0.05. Survival analysis and hazard ratios for time to seropositivity for individual targets
were generated by “proc phreg” by the Cox proportional hazards model with an alpha significance level
of 0.05.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.2 MB.
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