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ABSTRACT Longitudinal studies assessing durability of the anti-severe acute respi-
ratory syndrome coronavirus 2 (anti-SARS-CoV-2) humoral immune response have
generated conflicting results. This has been proposed to be due to differences in
patient populations, the lack of standardized methodologies, and the use of assays
that measure distinct aspects of the humoral response. SARS-CoV-2 antibodies were
serially measured in sera from a cohort of 44 well-characterized convalescent plasma
donors over 120 days post-COVID-19 symptom onset, utilizing eight assays, which
varied according to antigen source, the detected antibody isotype, and the activity
measured (i.e., binding, blocking, or neutralizing). While the majority of assays dem-
onstrated a gradual decline in antibody titers over the course of 120 days, the two
electrochemiluminescence immunoassay Roche assays (Roche Diagnostics Elecsys
anti-SARS-CoV-2 [qualitative, nucleocapsid based] and Roche Diagnostics Elecsys
anti-SARS-CoV-2 S [semiquantitative, spike based]), which utilize dual-antigen bind-
ing for antibody detection, demonstrated stable and/or increasing antibody titers
over the study period. This study is among the first to assess longitudinal, rather
than cross-sectional, SARS-CoV-2 antibody profiles among convalescent COVID-19
patients, primarily using commercially available serologic assays with Food and Drug
Administration emergency use authorization. We show that SARS-CoV-2 antibody
detection is dependent on the serologic method used, which has implications for
future assay utilization and clinical value.
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With the deployment of vaccines and therapeutic antibody products targeting
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), there remains a

need to correlate antibody titers and/or neutralizing activity with protective immunity.
Additionally, understanding the durability of the SARS-CoV-2 antibody responses eli-
cited following natural infection, vaccination, or administration of immunoglobulin
therapy will be essential to guide the ongoing COVID-19 public health response and to
optimize individualized patient care. Based on previous experience with human coro-
naviruses, it is anticipated that the humoral immune response to SARS-CoV-2 infection
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or vaccination will wane; however, the time frame, extent, and clinical implications of
this remain unclear (1–3).

Prior reports have generated conflicting findings with respect to persistence of measur-
able SARS-CoV-2 antibodies following natural infection. In a cohort of 188 patients with
prior mild COVID-19, cross-sectional analysis of antibody endpoint titers using laboratory-
developed sandwich enzyme-linked immunosorbent assays (ELISAs) measuring IgG anti-
bodies against different recombinant SARS-CoV-2 antigens, including the nucleocapsid
(NC), spike (S), and receptor binding domain (RBD) of the S1 subunit of the S protein,
reported only modest declines in antibodies over a 6-month period post-symptom onset
(4). The authors also replicated these data using a pseudovirus neutralizing antibody (nAb)
assay. These results corroborate earlier findings in a large population of Icelanders where it
was demonstrated that SARS-CoV-2 IgG seropositivity was maintained without any appre-
ciable decline in antibody titer for at least 4months after initial diagnosis of COVID-19 (5).

In stark contrast to these findings, however, multiple studies have demonstrated
significant declines in the SARS-CoV-2 antibody response within 2 to 4months after
symptom onset (6, 7). Studies utilizing nAb assays to specifically measure the func-
tional portion of the humoral response have also reported conflicting results, with one
study indicating that nAb titers are stable out to 5months post-symptom onset, while
others report dramatic decreases in nAb titers within 3months of symptom onset (7,
8). Collectively, the clinical application of these findings is challenging given that the
majority of these studies used nonstandardized, site-specific laboratory-developed
tests (LDTs) and not more widely available assays with Food and Drug Administration
emergency use authorization (FDA EUA). Furthermore, most of these previous reports
used numerical data from qualitative assays, which limits the communicability of data
across studies. Few studies have been performed using the more widely available test-
ing methods to measure SARS-CoV-2 antibodies longitudinally in a single, well-charac-
terized patient cohort.

Here, using serially collected samples from 44 COVID-19-confirmed convalescent
plasma (CCP) donors, we investigated antibody persistence using eight different SARS-
CoV-2 antibody assays, including five binding and three nAb assays, six with FDA EUA,
and show assay-dependent differential antibody trending over a 4-month period post-
SARS-CoV-2 infection.

MATERIALS ANDMETHODS
Patient cohort. Patients (N= 44) selected for inclusion in this cohort had provided at least two se-

rum samples between April and July 2020 and were all characterized as having mild COVID-19 due to re-
covery in the outpatient setting. Serum samples were collected from these COVID-19 convalescent
plasma donors in serum separator tubes (SSTs) at the time of plasma donation at Mayo Clinic
(Rochester, MN). Donor eligibility required a PCR-confirmed diagnosis of SARS-CoV-2 infection and dona-
tion at least 14 days after resolution of all symptoms (excluding anosmia) as determined by a medical
professional. At the time of collection, serum samples were tested on the Euroimmun anti-SARS-CoV-2
IgG ELISA and the Ortho-Clinical Diagnostics anti-SARS-CoV-2 IgG assay and were subsequently frozen
at 220°C. Aliquots were stored frozen at 220°C until testing was performed on additional platforms.
The length of time samples were stored at 220°C prior to completion of testing varied between 1 and
5months. Samples went through up to three freeze-thaw cycles between testing. Testing of these serum
samples was performed at Mayo Clinic for all assays, with exception of the NeuCovix-HT assay which
was performed at Arizona State University. This study was approved by the institutional review board of
Mayo Clinic in Rochester, MN.

SARS-CoV-2 serologic assay methods. All serologic assays with FDA EUA were performed and
resulted per manufacturers’ instructions. These assays include the following.

(i) Abbott Laboratories SARS-CoV-2 IgG (Abbott Park, IL). The Abbott SARS-CoV-2 IgG assay is a
qualitative, paramagnetic microparticle-based chemiluminescent immunoassay (CIA) which detects IgG-
class antibodies against the SARS-CoV-2 nucleocapsid (NC) protein. Testing was performed on the
Abbott ARCHITECT i2000SR system. Results were calculated by dividing the sample relative light unit
(RLU) by the mean calibrator RLU to generate a signal-to-cutoff (S/Co) value. S/Co values of $1.40 or
,1.40 were considered positive or negative for the presence of anti-NC IgG, respectively (https://www
.fda.gov/media/137383/download).

(ii) Ortho-Clinical Diagnostics anti-SARS-CoV-2 IgG (Rochester, NY). The Ortho-Clinical anti-SARS-
CoV-2 IgG assay is a qualitative CIA which detects IgG-class antibodies against the SARS-CoV-2 spike (S)
protein. Testing was performed on the Ortho-Clinical Diagnostics VITROS 3600 platform. Results were
calculated by dividing the sample chemiluminescence signal by the assay calibrator signal to generate a
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S/Co value. S/Co values of $1.00 and ,1.00 were considered positive or negative for the presence of
anti-S IgG, respectively (https://www.fda.gov/media/137363/download).

(iii) Euroimmun anti-SARS-CoV-2 IgG ELISA (Lubeck, Germany). The Euroimmun anti-SARS-CoV-2
IgG assay is a qualitative enzyme-linked immunosorbent assay (ELISA) which detects IgG-class antibodies
against subunit 1 (S1) of the SARS-CoV-2 S protein. Testing was performed on the Agility automated
ELISA processor (Dynex Technologies, Inc., Chantilly, VA). Results were calculated by dividing the sample
optical density (OD) by the mean of the duplicate calibrator OD value to determine an index value.
Index values of $1.1, 0.8 to ,1.1, and ,0.8 were considered positive, indeterminate, and negative for
the presence of anti-S1 IgG, respectively (https://www.fda.gov/media/137609/download).

(iv) Roche Diagnostics Elecsys anti-SARS-CoV-2 (Indianapolis, IN). The Roche Elecsys anti-SARS-
CoV-2 assay is a qualitative electrochemiluminescence immunoassay (ECLIA) which detects total antibodies
(predominantly IgG and may also capture IgM and IgA) against the SARS-CoV-2 NC protein. Testing was per-
formed on the Roche Diagnostics cobas e 801 platform. Results were determined by calculating the cutoff
index (COI) for the sample by dividing the specimen electrochemiluminescence signal by that of the assay
calibrator. COI values of$1.1 or,1.1 were considered positive or negative for the presence of total antibod-
ies against NC, respectively (https://www.fda.gov/media/137605/download).

(v) Roche Diagnostic Elecsys anti-SARS-CoV-2 S (Indianapolis, IN). The Roche Elecsys anti-SARS-
CoV-2 S assay is a semiquantitative ECLIA which detects total antibodies (predominantly IgG and may
also capture IgM and IgA) against the SARS-CoV-2 receptor binding domain (RBD). Testing was per-
formed on the Roche Diagnostics cobas e 801 analyzer. The assay is standardized against an internal
Roche Diagnostics anti-RBD monoclonal antibody mixture, with a 1 nM concentration corresponding to
20 units/ml (U/ml) by the assay. Results in units per milliliter were determined by comparing the sample
electrochemiluminescence signal to that of the standard calibration curve. Values of $0.8 or ,0.8 were
considered positive or negative for the presence of total antibodies against RBD, respectively (https://
www.fda.gov/media/144037/download).

(vi) GenScript cPASS SARS-CoV-2 neutralization antibody detection kit (Piscataway, NJ). The
GenScript cPASS assay is a qualitative blocking ELISA for detection of total nAb to SARS-CoV-2. Briefly,
recombinant horseradish peroxidase (HRP)-conjugated RBD and solid-phase bound human angiotensin
converting enzyme 2 (ACE2) are mixed with patient samples. In the presence of nAb, the RBD-ACE2
interaction is disrupted, leading to a loss of HRP signal; in contrast, in the absence of nAb, HRP-conju-
gated RBD will bind to ACE2 and a colorimetric signal will be generated following addition of substrate.
The percent signal inhibition (PSI) was determined by dividing the sample OD by the negative-control
OD, with PSI values of $30% or ,30% considered positive or negative for the presence of nAb to SARS-
CoV-2, respectively (https://www.fda.gov/media/143583/download).

Two assays without FDA EUA were also used to evaluate this cohort of samples. These included the
NeuCovix-HT neutralizing antibody assay, which was performed for research purposes only, and the
Mayo Clinic neutralizing antibody assay, which was submitted for FDA EUA. As a result of changing EUA
requirements for SARS-CoV-2 laboratory developed tests, EUA for the Mayo Clinic neutralizing antibody
assay was not further pursued. These assays were performed as follows.

(vii) Mayo Clinic neutralizing antibody assay. The Mayo Clinic nAb test is a modification of the
quantitative IMMUNO-COV assay (Imanis Life Sciences, Rochester, MN), which is an in vitro pseudovirus
neutralizing assay that measures the ability of patient sera to prevent replication-competent vesicular
stomatitis virus (VSV) expressing the SARS-CoV-2 spike protein from infecting engineered cells in a 96-
well plate format using a luciferase reporter protein (9). Briefly, patient serum samples were diluted 1:40
in Opti-MEM and mixed 1:1 with 40 ml of recombinant virus in Opti-MEM, for a final serum dilution of
1:80. This mixture was incubated at room temperature for 30 min. Subsequently, 100 ml of the speci-
men-virus mixture was added to each well of a 96-well plate containing a 1:1 mixture of two distinct
subclones of Vero cells that express complementary components of a dual split protein (DSP) luciferase
reporter, variant 1 or variant 2. To generate the 96-well plates, 30,000 Vero DSP1 and 22 cells were pre-
mixed at a ratio 1:1 in 50ml of culture medium and plated into each well 24 h prior to usage of the plate.
The cells were incubated with the specimen-virus mixture for 18 h to allow for infection. A stable live-
cell substrate, EnduRen (Promega, Fitchburg, WI), was then added to the culture medium for an addi-
tional 6 h. The EnduRen is taken up by the Vero cells and converted into coelenterazine, the substrate
for Renilla luciferase. Functional Renilla luciferase converts coelenterazine into coelenteramide, emitting
luminescence. A TECAN Infinite M200 Pro plate reader equipped with a luminescence photomultiplier
tube (PMT) was used to measure the luminescence (relative light units [RLU]).

In the absence of nAb, the VSV-SARS-CoV-2 recombinant virus infects the Vero cells, resulting in
membrane expression of the SARS-CoV-2 spike protein, which drives intercellular fusion between the
Vero-DSP1 and Vero-DSP2, bringing together the split luciferase protein to form functional luciferase
enzyme. The presence of nAb in a sample blocks infection by VSV-SARS-CoV-2, which prevents virus-
induced intercellular fusion of the Vero-DSP1 and Vero-DSP2 cell lines. In the absence of intercellular
fusion, the luciferase split products are not brought into close proximity; therefore, functional luciferase
is not formed, leading to a reduction in RLUs.

The percentage of sample well signal (RLUsample) relative to the average single-point calibrator signal
(RLUCal) was calculated. This percentage is referred to as residual activity (e.g., the amount of residual ac-
tivity of VSV-SARS-CoV-2 virus after neutralization by patient antibodies). The calibrator was generated
using a humanized monoclonal antibody (MAb) with neutralizing activity against the SARS-CoV-2 spike
protein, diluted into pooled donor sera collected pre-November 2019. The MAb concentration used in
the calibrator corresponded to a 50% reduction in infectivity of the recombinant VSV-SARS-CoV-2.
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Patient wells with RLUs of less than that of the calibrator were considered positive, and a titration was
performed. This corresponds to a percentage of,100% ([RLUsample/RLUCal] � 100).

Serum samples were tested initially at a 1:80 dilution in duplicates. Samples with an average RLU
higher that that of the calibrator, indicative of the absence of nAb, were reported as “negative,” and no
further testing was performed. Samples with an RLU lower than that of the calibrator were serially
diluted 1:80 to 1:2,560. The last dilution for which the average RLU was lower than that of the calibrator
was considered the endpoint titer.

(viii) NeuCovix-HT assay. The NeuCovix-HT neutralizing antibody assay is a commercialized kit
assay (AXIM Biotechnologies, Inc., San Diego, CA) that utilizes Perkin Elmer’s AlphaLISA technology
(Perkin Elmer, Waltham, MA) to detect antibodies that block the interaction of the SARS-CoV-2 RBD and
the ACE2 receptor. When antibodies that block RBD from binding to ACE2 are absent, RBD-Acceptor
beads bind to ACE2-biotin, and the complex binds to donor beads coated with streptavidin, bringing
the beads into close proximity (,200 nm). Excitation of the donor beads by a 680-nm red laser provokes
the release of singlet oxygen molecules that triggers a cascade of energy transfer in the acceptor beads,
resulting in a sharp peak of light emission at 615 nm. If nAbs are present, the RBD acceptor beads cannot
maintain close proximity to the ACE2-biotin molecules; therefore, singlet oxygen excitation cannot occur
with the acceptor beads.

Biotinylated ACE2, RBD protein, calibrators, and controls were produced and provided by AXIM
Biotechnologies, Inc., San Diego, CA. The calibrator is a human SARS-CoV-2 nAb that was recombinantly
produced in HEK-293 cells. This recombinant antibody recognizes the SARS-CoV-2 spike protein RBD do-
main and inhibits interaction between SARS-CoV-2 RBD and ACE2 with a 50% inhibition concentration
(IC50) of 1.5mg/ml. Calibrators for the standard curve were prepared by diluting the nAb in AlphaLISA
assay buffer to known concentrations. Streptavidin donor beads (catalog number [cat. no.] 6760002),
functional acceptor beads (cat. no. 5772002B), and AlphaLISA assay buffer (cat. no. AL000F) were
acquired from PerkinElmer (Waltham, MA). RBD protein was conjugated to the acceptor beads according
to the manufacturer’s instructions. The assay was performed in white ProxiPlate-384 Plus plates (Perkin
Elmer, cat. no. 6008280).

A working solution of biotinylated ACE2 at 0.125mg/ml was prepared in 1� AlphaLISA assay buffer
immediately before running the assay. A working solution of AlphaLISA RBD acceptor beads was pre-
pared by diluting the stock 5-mg/ml solution to 40mg/ml in 1� AlphaLISA buffer. Eight microliters of
working ACE2-biotin solution was dispensed into the wells of a ProxiPlate-384 Plus plate followed by 2
ml of serum sample or controls/calibrators. Subsequently, 5 ml of RBD acceptor bead working solution
was added to the wells containing the ACE2-biotin–sample mixture. The reaction mixture was then incu-
bated without mixing for 1 h at room temperature. Within 30 min, a working solution of streptavidin
(SA) donor beads was diluted to 100mg/ml under subdued lighting.

Once incubation of the ACE2-biotin–sample–RBD-bead mixture described above was complete,
5 ml of working streptavidin donor-bead solution was dispensed to each reaction well. The plate was
incubated for an additional 30 min at room temperature, and then the AlphaLISA signal was measured
with a Perkin-Elmer Fusion a-FP-HT multilabel reader equipped with the ALPHA module using the
AlphaScreen standard settings.

A standard curve was generated using eight 2-fold serially diluted calibrators run in parallel with the
patient samples. Background signal was subtracted from the raw signal of each well, including calibra-
tors, controls, and patient samples. The standard curve was generated by plotting the AlphaLISA counts
versus the concentration of the nAb calibrator. Calculated relative concentration units (RCUs) were
derived using a nonlinear 4-parameter logistic equation in GraphPad Prism (GraphPad Software Inc., La
Jolla, CA). A positive cutoff of$0.2 RCU was utilized.

Data analysis. Antibody titers from serially collected samples were analyzed for trends over time
using separate linear mixed-effects models for each assay under study. The models included a fixed
effect of “time,” which was defined as the number of days from symptom onset to serum collection. In
the course of modeling, both random intercepts and slopes and random intercept only were considered.
With only up to three time points per patient, the random intercept-only model was selected for the
final analysis.

To graphically present trends in antibody titers over time succinctly, two methods were used. First,
days from symptom onset was categorized into time epochs, and boxplots of observed values were plot-
ted. This approach does not account for the clustering of observations within patients and is intended
as a representation of the general trends over time (Fig. 1). Second, patient-specific longitudinal trajec-
tory plots, overlaid with model-based estimate of the trend, were constructed (Fig. 2). For the
Euroimmun IgG ELISA and the Mayo Clinic nAb assays, measurements below the lower limit of detection
were imputed to equal half the lower limit of detection. For NeuCovix-HT, a censored regression was
performed using Gauss-Hermite quadrature. Assay result correlation was assessed using the Kendall
rank correlation tp. Statistical analyses were conducted using R version 3.6.2 or JMP Pro version 14.1.0.

RESULTS

The mean CCP donor age was 47 years (range, 23 to 73 years), sexes were equally
represented, and all exhibited mild to moderate COVID-19 but recovered in the outpa-
tient setting with a 15-day mean symptom duration (range, 2 to 46 days) (see Table S1
in the supplemental material). CCP and serum were provided twice by 26 donors and
on three occasions by 18 donors. The first CCP donation was provided a mean of
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54 days (range, 21 to 95 days) and the last at 105 days (range, 64 to 134 days) post-
symptom onset. From this cohort, a total of 106 serum samples were evaluated, with
99 samples tested by all eight assays, including two for qualitative IgG detection
against subunit 1 (S1) of the S glycoprotein (Ortho-Clinical Diagnostics CIA and
Euroimmun Inc. ELISA), one for qualitative detection of total antibodies against the NC
antigen (Roche Diagnostics NC ECLIA), one that semiquantitatively detects total anti-
bodies against RBD (Roche Diagnostics RBD ECLIA), one for qualitative detection of IgG
against the NC antigen (Abbott CIA), and one surrogate, qualitative neutralization
assay measuring inhibition of the RBD-ACE2 interaction (GenScript cPASS). The two
other nAb assays, both without FDA EUA, include the semiquantitative NeuCovix-HT
assay, also a surrogate RBD-ACE2 inhibition assay, and a semiquantitative live-cell neu-
tralization assay expressing the SARS-CoV-2 spike protein in VSV (Mayo Clinic nAb).
Seven of the 106 serum samples had insufficient volume for testing by the Abbott NC
IgG CIA and were only tested by seven of the eight methods.

We found high clinical sensitivity (97.2% to 100%) among all eight assays, at each
time point, which is consistent with previously reported performance characteristics
(9–11). Only four CCP donors reverted to seronegative status by a single assay at the
final time point measured, including three donors tested by the Abbott NC IgG CIA at
days 103, 129, and 132 and one donor tested by the Mayo Clinic nAb assay at day 119

FIG 1 SARS-CoV-2 antibody titers relative to time post-symptom onset. (A to H) Assay-specific antibody levels
for each donor sample (individual filled circles) were plotted as a function of time post-symptom onset. Results
were binned at 30 to 60 days (orange), 60 to 90 days (blue), and 911 days (green). Data collected prior to day
30 are shown in gray due to limited sample size (n= 12). The horizontal boxplot lines indicate the median
values, boxes indicate the 25th and 75th percentiles, and vertical lines indicate the largest values within 1.5
times the interquartile range (IQR) greater than the 75th percentile and the smallest values within 1.5 times the
IQR lower than the 25th percentile. The horizontal dotted lines indicate the positive cutoff threshold of each
assay. Mayo Clinic nAb is shown on the log2 scale. Abbreviations: S/Co, signal to cutoff; NC, nucleocapsid
protein; ECLIA, electrochemiluminescent immunoassay; CIA, chemiluminescent immunoassay; RBD, receptor
binding domain of spike glycoprotein; nAb, neutralizing antibody; NC, nucleocapsid protein; S, spike
glycoprotein; S1, subunit 1 of spike glycoprotein; RCU, relative concentration unit.
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post-symptom onset (Fig. 1). Longitudinal analysis assessing the relative change in
antibody titers revealed a statistically significant (P , 0.05) downward trend for six of
the assays, including all three nAb assays and three binding antibody assays, including
the Abbott NC IgG CIA, the Euroimmun Inc. S IgG ELISA and the Ortho-Clinical
Diagnostics S1 CIA (Fig. 2; see also Table S2). In contrast, both the Roche NC and RBD
Total Ab ECLIAs showed a statistically significant increase in antibody titers over time
(Fig. 1). Finally, quantitative SARS-CoV-2 serologic assay results were correlated and
found to be highly variable, with Kendall’s tp ranging from 0.19 for the Roche NC Total
Ab ECLIA and Mayo Clinic nAb to 0.76 between the Ortho-Clinical Diagnostics NC IgG
CIA and GenScript cPASS nAb assay (Fig. 3). Spike-based binding assays had the best
correlation as a group (tp, 0.74, 0.73, and 0.64) compared to those for the spike based
functional assays (tp, 0.68, 0.60, and 0.53) and NC-based binding assays (tp, 0.26). The
NC-based assays had poor correlation with spike-based binding assays and spike-based
functional assays (tp, 0.19 to 0.57).

DISCUSSION

Using a well-characterized serial sample set from COVID-19-confirmed CCP donors,
we show differential antibody persistence among eight unique SARS-CoV-2 serologic
methods, including both binding and nAb assays with and without FDA EUA. Our find-
ings suggest that there is prolonged antibody detection using two ECLIA-based meth-
ods targeting total antibodies against the NC or RBD antigens. Although the precise
cause for this remains undefined, differences related to individual assay detection
methods and the targeted antibody type likely play a significant role.

Maturation of the humoral immune response in immunocompetent individuals pro-
gresses through the initial secretion of typically low-affinity antibodies from short-lived

FIG 2 Longitudinal SARS-CoV-2 antibody levels in COVID-19 convalescent plasma donors. (A to H) Data plotted
are the individual patient (n=44) linear trajectories (in gray) for specimens collected after onset of COVID-19.
Table S2 in the supplemental material presents the slope estimates and P values associated with the trends. The
bold red lines represent the model-based reference lines for the fixed effects. See Fig. 1 legend for abbreviations.
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plasmablasts, which peak 2 to 3weeks postinfection, to affinity maturation and secre-
tion of high-affinity antibodies by long-lived plasma cells (12, 13). This maturation pro-
cess may explain the observed increase in relative antibody levels by the Roche ECLIAs,
which unlike other methods, are based on antibody detection via a dual-antigen bridg-
ing method to capture bivalent binding SARS-CoV-2-specific immunoglobulins. This
dual-binding requirement may reflect detection of high-affinity and -avidity antibodies
(Roche Diagnostics, personal communication), although further studies are warranted
to better characterize this possibility. This alternative antibody capture method may
also clarify the difference in documented antibody durability between the Roche anti-
NC ECLIA and the Abbot CIA, which also detects anti-NC antibodies but uses a stand-
ard, single-antigen-binding sandwich immunoassay format. Our findings are consistent
with recent studies showing increasing anti-NC antibody levels over time by the Roche
ECLIA and also support prior findings suggesting that antibody levels are not solely
related to the SARS-CoV-2 antigen used in serologic LDTs (4, 14). Our data further build
on the likelihood that the difference in antibody persistence may be method depend-
ent, by demonstrating that a similar increase in antibody levels post-symptom onset
occurs when using the more recently released semiquantitative Roche ECLIA, which
detects total antibodies against the RBD.

Differences in the relative antibody durability in our study is unlikely to be strictly
isotype related. Anti-SARS-CoV-2 IgM-class antibodies decline rapidly prior to IgG, with
minimal detection by 12weeks postinfection (15). Yet, we observed increasing anti-
body levels using total immunoglobulin targeted assays, whereas all methods specific
for anti-SARS-CoV-2 IgG showed declining levels over time. Notably, all three functional
nAb assays also showed declining serum potency to block the RBD-ACE interaction.
One likely explanation for this is that these functional assays are concentration sensi-
tive but less dependent on antibody avidity or affinity. Prior LDT neutralization assays
for SARS-CoV-2 have shown modest but slowly declining nAb levels over time (8). Live
pseudovirus neutralizing assays often involve longer periods of coincubation between
the virus and patient sera, which may provide ample time for lower-affinity/avidity
antibodies to engage their target (16). The findings in our live recombinant SARS-CoV-
2-neutralizing assay were confirmed here using two additional LDT neutralization
assays, one being the only SARS-CoV-2 nAb assay with FDA EUA (GenScript cPASS
nAb).

While qualitative interpretations from all eight assays demonstrated strong agree-
ment, the association of numerical results between assays were highly variable, with
Kendall’s tp ranging from 0.19 (Roche NC Total Ab ECLIA and Mayo Clinic nAb) to 0.76
(Ortho-Clinical Diagnostics S IgG CIA and GenScript cPASS nAb) when utilizing the
baseline sample for each donor. Numerical results generated by each of these assays
are referenced against either a single or a multipoint calibration curve. However, as of
the writing of the manuscript, these assays are not calibrated against a common refer-
ence standard, such as the World Health Organization (WHO) international SARS-CoV-2

FIG 3 SARS-CoV-2 antibody titer correlation across assays. The correlation of titers between different
assays is shown in a matrix format using the Kendall rank correlation tp. Blue indicates a higher
degree of correlation and red indicates a lower degree of correlation.
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antibody standard (first released in December 2020), which partially explains the low
correlation of numerical results (17). Standardization of SARS-CoV-2 serologic assays
using reference material, such as that available through the WHO, would help to mini-
mize interassay variability among both current and future serologic methods. Such
standardization will also be critical for SARS-CoV-2 quantitative and semiquantitative
serologic methods, should an antibody-based correlate or surrogate of protective im-
munity be identified, similar to what has been established for other vaccine-prevent-
able diseases (17).

In conclusion, our study is among the first to assess longitudinal, rather than cross-
sectional, SARS-CoV-2 antibody profiles among convalescent COVID-19 patients, pri-
marily using commercially available serologic assays with FDA EUA instead of focusing
on more-restricted-use LDTs. Based on our findings, it will be important to determine if
the specific antibodies targeted by the Roche ECLIA assays are more reflective of pro-
tective or long-term immunity. Our study has a number of limitations, including the
assessment of numerical output values of assays that are designed to be strictly quali-
tative in nature. Additionally, a limited number of CCP donors were available with serial
samples, and we were only able to assess antibody longevity up to approximately
4months following symptom onset. Further studies evaluating serial samples collected
beyond this time point are necessary to continue to define the durability of the anti-
body response both following natural infection, including with the newly circulating
and emerging SARS-CoV-2 variants, and following vaccination. The implications of bet-
ter defining the duration of detectable antibody responses over time may become
more relevant in the future should a correlate of protective immunity be identified and
subsequent serologic testing, using calibrated assays, come to play a more prominent
role in clinical management.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
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