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Background: We investigated the utility of an automated chemiluminescent SARS-CoV-2
IgG antibody assay platform in quantifying the amount of binding antibodies present in
donated convalescent plasma.

Methods: A total of 179 convalescent plasma units were analyzed for the presence of
SARS-CoV-2 IgG antibodies using the Beckman-Coulter chemiluminescent immunoassay
(CLIA) platform. The equipment-derived numerical values (S/Co ratio) were recorded.
Aliquots from the same units were subjected to enzyme-linked immunosorbent assay
(ELISA) that detects IgG antibodies against the receptor-binding domain (RBD) of the
SARS-CoV-2 S1 protein. The relationship between ELISA titers and CLIA S/Co values
was analyzed using linear regression and receiver operating characteristics (ROC) curve.
Results: Twenty-one samples (11.7%) had S/Co values of less than 1.0 and were deemed
negative for antibodies and convalescent plasma had S/Co values between >1.0 and 5.0 (70/
179, 39.1%). Fifteen units (8.4%) had negative ELISA titer. The majority of the units (95/
179. 53.1%) had titers >1:1024. The sensitivities of ELISA to CLIA were comparable (90.5%
vs 88.3%, respectively; p=0.18). There was positive linear correlation between CLIA S/Co
values and ELISA IgG titer (Rho = 0.75; Spearman’s rank = 0.82, p-value = <0.0001). The
agreement between the two methods was fair, with a k index of 0.2741. Using the ROC
analysis, we identified a CLIA S/Co cutoff value of 8.2, which gives a sensitivity of 90% and
a specificity of 82% in predicting a titer dilution of >1:1024.

Conclusion: The utility of automated antibody detection systems can be extended from
simply a screening method to a semi-quantitative and quantitative functional antibody
analysis. CLIA S/Co values can be used to reliably estimate the ELISA antibody titer.
Incorporation of chemiluminescent-based methods can provide rapid, cost-effective means
of identifying anti-SARS-CoV-2 antibody titers in donated plasma for use in the treatment of
COVID-19 infection.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by a novel coronavirus, severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is the cause of
a pandemic that has infected over 49.7 million people worldwide with a mortality
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of 2.4% to date.' Due to the record-breaking economic and
social impact of COVID-19, there is a need to optimize all
resources to improve outcome and minimize the spread of
the virus. A key goal is to increase the availability of
treatment options for the severely ill COVID-19 patients,
one of which is convalescent plasma.

Initial case reports from China have shown immediate
beneficial clinical results in COVID-19 patients transfused
with convalescent plasma.>* The viral loads were
decreased after transfusion, coinciding with increased
levels of neutralizing COVID-19 antibody. In a match-
controlled study done in the United States,” patients who
received COVID-19 convalescent plasma (CCP) were
more likely to have improved oxygen requirement
by day 14 post-transfusion as compared to those who did
not receive CCP. The recipients also had significantly
longer survival, especially non-intubated patients.’
Another study involving approximately 5000 patients
observed better survival among recipients who were
given CCP units that contain high antibody levels based
on chemiluminescent intensity value.®

Recent investigations on recovered COVID-19 patients
revealed low antibody levels among those with mild symp-
toms, especially among the healthy and younger
individuals.”® Healthy and younger individuals are most
likely to be eligible for blood product donation. Another
study observed rapid decline in IgG antibodies among
recovered COVID-19 patients with mild symptoms from
the time they were screened for donation up to
plasmapheresis.” Although the FDA has issued emergency
use authorization (EUA) for the use of convalescent
plasma, it does not strictly implement antibody testing
prior to transfusion of the blood product.'® This has great
implication on the quality of convalescent plasma units
that are available in blood centers.

Neutralizing antibody assays, considered as the gold
standard for detection of anti-COVID function, are
assessed using native or pseudotype virus in cellular
assay.'' The disadvantages of this analysis include the
limited number of facilities that have the capacity and
expertise to perform this assay, lengthy turn-around time
and high cost.'>'* However, antibody levels can also be
estimated using an antibody binding assay such as an
enzyme-linked immunoassay (ELISA). A study on
COVID-19 patients showed good correlation between
ELISA antibody titer and neutralizing antibody levels.'*
In particular, the linear correlation with neutralizing anti-
body levels was seen in ELISA assays that detected

immunoglobulins (IgG) antibodies against the receptor-
binding domain (RBD) of the viral spike protein S1.'*
Although easier to perform than neutralization assays,
ELISA assays are limited by long turn-around time and
higher costs.

Chemiluminescent immunoassay (CLIA) is considered
as a qualitative antibody assay that detects binding antibo-
dies to viral antigens, similar to the principle of an ELISA.
The test relies on mixing patient samples with a known viral
protein, buffer reagents, and specific enzyme-labeled anti-
bodies that allow a light-based, luminescent read-out.'> "’
The amount of light (radiance) emitted from each sample is
relative to the number of antibodies present in a patient
sample.'” This type of assay can assess the presence of
multiple types of antibodies, including IgG, I1gM, and IgA,
is automated, has a short turn-around time (~45 minutes) and
can be implemented with minimal cost in already existing
clinical laboratory platforms.'® However, this method has
not been optimized to quantify the amount of antibodies.
Currently, FDA has not authorized the use of automated
chemiluminescent assays for screening of antibodies in
potential donors of COVID-19 convalescent plasma.

At Maimonides Medical Center, antibody testing is per-
formed using a Beckman Coulter platform that utilizes
CLIA that detects IgG antibodies against the SARS-CoV-2
RBD. The intensity value retrieved from the platform, based
on the sample-to-cut-off (S/Co) ratio, reflects the amount of
anti-SARS-CoV-2 antibodies present in the sample. Since
this platform utilizes the RBD of the virus, there is a good
chance that the results of this assay may correlate with the
number of neutralizing antibodies. However, to date, no
study has been published correlating the S/Co value with
an ELISA or neutralization titer in the setting of COVID-19.
Such a correlation would be crucial to provide a more cost-
efficient and rapid antibody testing process that is readily
available and can be utilized for convalescent plasma donor
screening.

Methods

Plasma Collection

Convalescent plasma was obtained from the Blood Donation
Service at Maimonides Medical Center. Convalescent
plasma was donated by recovered COVID-19 patients with
confirmed diagnosis via clinical laboratory test and were
symptom free for at least 28 days. Some CCP donors were
initially screened for the presence of antibodies via Dynex
Agility™ instrument through a reference laboratory (Table
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Table | Characteristics of Volunteer Donors and Their Donated

Plasma

Characteristics Median (IQR)/N (%)

Age, years 39.9 (30.349.7)

Antibody test prior to donation
Performed 91 (50.8)
Not performed 88 (49.2)

Antibody test result prior to donation (S/Co) 2.3 (1.7-3.1)

CCP chemiluminescent results
0.02 to | 21 (11.7)
>1-5 71 (39.1)
>5-10 32 (17.9)
>10-20 27 (15.1)
>20 29 (l6.2)

Donated plasma ELISA titers
Negative 15 (8.4)
1:32 2 (1.1)
1:64 7 (3.9
1:128 10 (5.6)
1:256 19 (10.6)
1:512 31(17.3)
1:1024 35 (19.6)
1:2048 22 (12.3)
1:4096 22 (12.3)
1:8192 5(2.8)
1:16,384 8 (4.5)
1:32,768 3(1.9)

1). An aliquot of plasma or serum was collected and stored
at —20°C for subsequent antibody testing at the time of
plasma donation. This study was approved by the IRB/
Research Committee at Maimonides Medical Center. The
requirement to obtain informed consent from the subjects
has been waived by the IRB in accordance with 45 C.F.R. §
46.116(d) and the guidelines outlined in the Declaration of
Helsinki were followed.

The plasma or serum samples were analyzed for anti-
SARS-CoV-2 RBD IgG antibodies using the Beckman
Coulter chemiluminescent immunoassay (CLIA) in accor-

dance with manufacturer instructions (https://www.beckman

coulter.com/en/products/immunoassay/access-sars-cov

-2-igg-antibody-test). This CLIA test utilizes a recombinant

SARS-CoV-2 protein specific for the receptor-binding
domain (RBD) of the S1 protein. Results of this assay are
based on the sample signal-to-cut-off (S/Co) ratio, with
values <1.0 and >/= 1.0 corresponding to negative and posi-
tive results, respectively. The S/Co values reflect relative
levels of anti-SARS-CoV-2 IgG antibodies.

ELISA 1gG

Assay controls and serum samples were diluted to 1:64
followed by 2-fold dilution up to 1:32,768 and added to a 96-
well microtiter plate (Thermo Scientific Immulon, Waltham,
MA, USA) that was coated with SARS-CoV-2 recombinant
RBD (Mount Sinai Medical Center, New York, NY, USA).
A secondary anti-human IgG (Fab specific) antibody labeled
with horse radish peroxidase (Sigma-Aldrich, St. Louis, MO,
USA) was added to each well to form a specific complex of
antigen-antibody bound to the plate surface. The binding
reaction was then enhanced visually with SIGMAFAST™
OPD (Sigma-Aldrich, St. Louis, MO, USA) substrate gen-
erating a yellow color for positive specimens. After applica-
tion of the stop solution (3M Hydrochloric acid), the color
changed from yellow to orange and optical density was
measured at 490 nm. When the absorbance value was greater
than the cut-off value (OD490 = 0.15) at a minimum dilution
of 1:64, the specimen was reported as a positive result and the
corresponding titer reported.

Statistical Analysis

The analysis population included COVID-19 convalescent
plasma samples collected at the Blood Donation Service,
therefore, no sample size calculations were performed.
Correlation between CLIA and ELISA titer was analyzed
using Spearman’s rank, R square and « index. The sensitiv-
ity and specificity of the two methods were analyzed using
a 2x2 table. Linear relationship between the two assays was
also assessed using a linear regression model, though due to
violation of model assumptions, both CLIA and ELISA
values were transformed to maintain the normality of resi-
duals. The square-root of the CLIA assay was used to predict
the log-transformed ELISA. The outputs of this model were
then transformed back into raw units to show the relation-
ship between the assays. A logistic regression model was
created, as well, to predict the probability of a positive
ELISA result (titer > 1:1024). A CLIA S/Co cut-off value
of 8.2 was determined using the ROC curve to meet 90%
sensitivity and 82% specificity.

A two-sided P value of less than 0.05 was considered
to indicate statistical significance. Statistical analyses were
performed using SAS version 9.4 (Cary, NC) and
GraphPad Prism 8 (GraphPad Software, La Jolla, CA).

Results
A total of 179 donated convalescent plasma units were
included in this study. The inclusion criteria were mild
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COVID-19 symptoms and positive RT-qPCR tests on
nasopharyngeal swab samples. Females and those younger
than 18 years of age were excluded. The characteristics of
the donors are summarized in Table 1.

Aliquots of all units were analyzed using the
Beckman Coulter CLIA platform and the relative
amount of antibodies as measured by the S/Co value
was recorded. Twenty-one samples (21/179; 11.7%) had
S/Co values of less than 1.0 and were deemed negative
for antibodies. Fifteen units that had S/Co values >1.0
(15/179; 8.4%) had negative ELISA titers. The majority
of the units had a titer of >1:1024 (95/179, 53.1%). The
sensitivity of ELISA was comparable to the sensitivity
of CLIA (90.5% vs 88.3%, respectively; p-value = 0.18;
Table 2). Table 3 shows the distribution of CLIA S/Co
values and ELISA IgG antibody titers of all donated
convalescent plasma. Samples with S/Co values of less
than 10 had ELISA IgG titers ranging from 0 (negative)
to 1:4096. Those with S/Co values of 10-20 had titers
varying from 1:128 to 1:4096. Samples with CLIA S/Co
value higher than 20 had titers of 1:2048 to 1:32,768.

Using linear regression, there is positive linear correlation
between CLIA S/Co values and ELISA IgG titer (Rho = 0.75;
Spearman’s rank = 0.82, p-value = <0.0001; Figure 1). The
agreement between the two methods was fair, with a k index of
0.2741. A linear regression model was developed using the
square root of the S/Co value and logarithmic transformation
of the equivalent ELISA IgG titer (Table 4). Using this linear
regression model, an estimate of the equivalent ELISA IgG
titer when given a CLIA S/Co value can be computed using
the following formula:

. . £/ S
Raw Titer Dilution = 64‘8949+0'70612 CLIA &;value

Table 5 provides correlation of representative CLIA
intensity to its expected titer concentration. Further,
a predictive statistical file was created using this formula
for more exact conversions from CLIA values to expected
titer determinations (Supplementary Table). This file

enables the user to enter any CLIA S/Co value and will

Table 2 Sensitivity of the Antibody Tests Compared to SARS-
CoV-2 Viral RNA RT PCR

Table 3 CLIA S/Co Values and ELISA Titers of Donated
Convalescent Plasma

CLIA S/Co Values N (%) ELISA IgG Titer Equivalent
0.02 to | 21 (11.7) Neg to 1:512

>l to 5 70 (39.1) Neg to 1:4096

>5to0 10 32 (17.9) Neg to 1:4096

>10 to 20 27 (15.1) 1:128 to 1:4096

>20 29 (l6.2) 1:2048 to 1:32,768
ELISA IgG Titer N (%) CLIA S/Co Value Equivalent
Neg 15 (8.4) 0.02 to 6.25

1:32 2 (1.1) 0.37 to 0.5

1:64 7 (3.9) 0.09 to 9.71

1:128 10 (5.6) 0.25 to I1.51

1:256 19 (10.6) 0.05 to 7.66

1:512 31 (17.3) 0.8 to 19.65

1:1024 35 (19.6) 1.2 to 15.52

1:2048 22 (12.3) 2.32 to 26.62

1:4096 22 (12.3) 1.92 to 44.12

1:8192 5(2.8) 23.48 to 34.26
1:16,384 8 (4.5) 28.08 to 63.4

1:32,768 3 (1.9 28.82 to 52.64

Abbreviations: CLIA, chemiluminescent immunoassay, S/Co, sample to control
intensity ratio, ELISA, enzyme-linked immunosorbent assay, Neg, negative, “0.

automatically generate the equivalent ELISA IgG titer
with 95% confidence intervals.

A receiver operating characteristic (ROC) curve analy-
sis was utilized to determine the optimal CLIA S/Co value
that will reliably correspond to a high ELISA IgG titer
(>1:1024). This analysis identified that a CLIA S/Co cut-
off value of 8.2 gives a sensitivity of 90% and a specificity
of 82% in predicting a titer dilution of more than 1:1024
(Figure 2).

Discussion
Our results showed significant linear correlation
between the CLIA S/Co values and ELISA IgG titers.
This indicates that comparable antibody quantification
can be reliably derived from the results of an auto-
mated antibody detection system. This observation
agrees with the conclusion of a similar study that
analyzed the quantification capability of 8§ commer-
cially available immunoassays, two of which were
CLIA-based."” They found that the automated systems
provided the highest sensitivities (up to 98%), and one
of the CLIA platforms had the best overall quantitative
correlation to the neutralization titer (Rho=0.729).
Neutralization assays are the gold standard for
assessing specific immunity and a benchmark for

Chemiluminescent Assay ELISA
Sensitivity 88.3% 90.5%
No. 158/179 162/179
95% Cl 82.5-91.8% 83.6-92.6%
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Figure | Linear regression analysis on the relationship of CLIA S/Co values and ELISA IgG titers.

other antibody assays. These tests are very complex,
require incubation times of 5-7 days and a biosafety
level 3 laboratory, limiting the routine use of these

20,21 have

assays on a large scale. Previous studies
shown positive correlation between neutralizing titer
and ELISA that detects IgG antibodies against the
SARS-CoV-2 S1 protein'® or IgG antibodies against
the receptor-binding domain of the SI protein.'*
Similar studies correlating CLIA S/CO with ELISA
assessment have been reported in other infectious dis-
ease  spaces such as  hepatitis,”>  measles®
mycoplasma®® and HIV* for diagnosis as well as
donor infectious disease screening, where applicable.
In a similar manner, the results of this study demon-
strated correlation between ELISA antibody titer and
CLIA S/Co values. Since ELISA titers correlate with

the amount of neutralizing antibody, our results extend

this association to support the use of automated CLIA-
based systems as a fast and convenient method of
estimating neutralizing antibody quantities in convales-
cent plasma.

Only about a third of convalescent plasma units col-
lected at our center had S/Co values of at least 8.2 and
antibody titers of more than 1:1024. Preliminary evidence
with COVID-19 suggests that patients with mild symp-
toms may develop very low titer antibodies.'**%*’ One
study observed that 18% of convalescent COVID-19
donors had undetectable neutralizing titers in their plasma
samples collected an average of 30 days after the onset of
symptoms.”® A larger study performed by NYBC showed
that more than half of plasma donors had low neutralizing
titers and that there was a large variation in antibody titers
among donors.”’ There is an existing challenge to screen

convalescent plasma donors for antibody titers, as

Table 4 Linear Regression Model of the Root of Intensity as a Predictor of the Logarithmic Value of ELISA IgG Titer

Parameter Estimates
Variable DF Parameter Standard t Value Pr > |t]| 95% Confidence Limits
Estimate Error
Intercept | 4.89496 0.12611 38.82 <0.0001 4.64593 5.14399
Root of CLIA S/Co | 0.70612 0.03826 18.45 <0.0001 0.63056 0.78168
Journal of Blood Medicine 2021:12 submit your manuscript 161
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Table 5 Representative CLIA Intensity to Expected Titer
Concentrations

CLIA Estimated ELISA IgG Antibody Titer
S/Co
Values Estimated ELISA IgG Lower Upper
Antibody Titer, Mean 95% 95%
0 1:133.6 1:104.2 1:171.4
| 1:270.7 1:195.7 1:374.5
2 1:362.7 1:254.1 1:517.7
3 1:454.0 1:310.5 1:663.7
4 1:548.5 1:367.6 1:818.4
5 1:648.0 1:426.6 1:984.2
6 1:753.4 1:488.1 1:1162.9
7 1:865.4 1:552.4 1:1355.8
8 1:984.5 1:619.8 1:1563.9
9 [HERR 1:690.6 1:1788.3
10 1:1246.3 1:765.0 1:2030.2
15 1:2058.5 1:1197.6 1:3538.4
20 1:3142.7 1:1747.4 1:5652.0
25 1:4562.2 1:2437.5 1:8538.9
30 1:6390.3 1:3293.3 1:12,399.7
35 1:8711.7 1:4343.2 1:17,474.0
50 1:19,692.3 1:8997.1 1:43,101.0
60 1:31,714.9 1:13,769.7 | 1:73,046.9
70 1:49,157.5 1:20,365.0 | 1:118,657.2

Abbreviations: CLIA, chemiluminescent immunoassay, S/Co, sample to control
intensity ratio, ELISA, enzyme-linked immunosorbent assay.

evidence shows that the majority of mild COVID-19
patients may not develop an adequate level of anti-SARS
- CoV-2 antibodies to provide a therapeutic benefit.
Screening of donated convalescent plasma units for anti-
body is, therefore, an essential step to ensure the efficacy
of convalescent plasma as a therapeutic product with viral-
neutralizing capacity.

Testing for antibodies should be performed to first
confirm the presence of antibodies. Subsequent identi-
fication of CCP units that provide higher concentra-
tions of anti-COVID (neutralizing) antibodies may
provide a more appropriate logic of selecting optimal
CCP units for patient administration. The utility of
automated antibody detection systems can be extended

ROC Curve for Model
Area Under the Curve = 0.9143

1.00 ’_’_J_/_/—I_’—

0.75
=
:§ 050
0.25
0.00
0.00 0.25 0.50 0.75 1.00
1 - Specificity

Figure 2 Receiver operating characteristic (ROC) curve showing an area under the
curve (AUC) of 0.9143. The orange line denotes a CLIA S/Co cutoff value of 8.2.

from simply a screening method to a semi-quantitative
and quantitative functional antibody analysis. CLIA
S/Co values can be used to estimate the ELISA anti-
body titer, and this can immediately provide crucial
information on dosing of convalescent plasma. As
a semi-quantitative method, a CLIA S/Co cut-off
value of 8.2 can be used to reliably detect convalescent
plasma donors or units with more than 1:1024 IgG
antibody titer (90% sensitivity; 82% specificity); this
value is well above the recently published FDA gui-
dance of S/Co) >3.3 indicative of high titer CCP
further relating the values to functional anti-viral titer-
based activity using alternative instrumentation and/or
methodologies.*®

Application of additional approaches to assess the anti-
COVID antibody concentration in CCP is paramount. In addi-
tion, methodological differences can introduce differences in
results. For example, chemiluminescence methodology is able
to determine total Ig (IgM, IgG, IgA) whereas ELISA deter-
mines only IgG. This may very well contribute towards the
observed differences when a sample may have high percen-
tage of IgM (giving high CLIA number), and low IgG (low
titer) and vice versa. Although certain instruments have been
promoted and approved to serve this need, many institutions
and blood centers lack access to such instruments thereby
causing a bottleneck in reference lab identification of
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appropriate products for transfusion. Expansion to additional
CLIA instrumentation can reduce the strain of CCP assess-
ment and offer the ideal plasma product for patients who
require such.

Furthermore, the methodology employed by CLIA
instrumentation could be used to examine response to
COVID-19 vaccination and, depending on target,
provide distinction between immune response to
COVID-19 infection from the immune response to
vaccination.

The rapid turnover and cost benefit of such a CLIA
based screening approach provides additional value. The
testing can be easily implemented into existing chemilu-
minescent systems and provides opportunity costs for run
time and personal skill set allocation. For example, in
certain cases, time to result can be reduced from 180
minutes (ELISA) to 30 minutes (CLIA). In addition, adap-
tation can be automated in a CLIA setting and may require
a lower degree of operator expertise (particularly if auto-
mated) than with ELISA.** This can beneficially impact
the operational logic of the clinical laboratory to optimize
efficiency of motion, human capital as well as resource

allocation.
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