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WHO 20/136 is standard reference material for SARS—COV-2 serology assays. Standardization of serology assays
that target the same antigen and class of immunoglobulin will enable comparison of results between studies that
use various lab-developed and commercial assays around the world. Standardization of assays will help better
define immune correlates of protection and possibly immune correlates of vaccine efficacy. Two automated
SARS—COV-2 anti-S1 RBD immunoglobulin serology assays on the Atellica IM Analyzer were calibrated to WHO
20/136 Standard Reference Material which was assigned 1000 binding antibody units (BAU/mL). The anti-S1

RBD IgG assay (sCOVG) cut-off Index of 1.00 corresponded to WHO 45.1 BAU/mL, and the anti-S1 RBD Ig
Total assay (COV2T) cut-off Index of 1.00 corresponded to WHO 6.70 BAU/mL.

1. Introduction

The need for standardized SARS-CoV-2 quantitative immunoglobulin
and neutralization assays has been highlighted by the World Health
Organization (WHO) and the United States (U.S.) Centers for Disease
Control and Prevention (CDC) (Gundlapalli et al., 2021; Kristiansen
et al.,, 2021). Standardization and harmonization of SARS-CoV-2
serology assays will aid comparison of results across various assays
(lab-developed and commercial) and manufacturers around the world
and speed research progress towards defining humoral correlates of
immunity and vaccine efficacy. The First WHO International Standard
(IS) for anti-SARS-CoV-2 Immunoglobulin, human (code 20/136) was
provided by the National Institute for Biological Standards and Control
(NIBSC) on behalf of the WHO and in collaboration with the Coalition
for Epidemic Preparedness Innovations (CEPI), for calibration and
harmonization of SARS-CoV-2 neutralizing and other serology assays.
The WHO IS is a sample pool of plasma from eleven individuals recov-
ered from SARS-CoV-2 infection and contains human polyclonal anti-
bodies to N protein, S1, S2, S1/S2 (full-length S), and S1 RBD proteins of
SARS-CoV-2. The WHO IS has a single assigned value of 1000 binding
antibody units (BAU/mL) per vial for serology assays of the same
immunoglobulin class and specificity. Recent studies have calibrated
their assays to the WHO IS (Castillo-Olivares et al., 2021; Feng et al.,
2021). One study compared results of several binding antibody assays on
convalescent samples from severe, moderate, and mild COVID-19 cases

and found a positive correlation between severity and RBD/S antibodies
(Castillo-Olivares et al., 2021). Here, we report the WHO IS calibration
of two additional anti-S1 RBD Ig assays not previously reported in the
literature.

2. Materials and methods

Calibration to WHO IS reference material was performed for the
Atellica® IM SARS-CoV-2 IgG (sCOVG) assay and the Atellica® IM
SARS-CoV-2 Total (COV2T) assay (Siemens Healthineers, Tarrytown,
NY, U.S.). Both assays are semi-quantitative, used for determining anti-
S1 RBD IgG or Total (IgG and IgM) antibody levels, respectively.

The sCOVG assay is a two-step automated sandwich chemilumines-
cent immunoassay. In the first step, the patient specimen is incubated
with the Solid Phase Reagent (containing recombinant antigens that
capture antibodies in the patient sample). The antibody-antigen com-
plex is washed. The second step involves adding Lite Reagent (mouse
monoclonal anti-human IgG antibody labeled with acridinium ester).
The anti-human IgG antibody in the Lite Reagent binds antibodies in the
specimen that were captured by the Solid Phase Reagent. Upon binding,
a signal (relative light units, RLU) is generated that is directly related
with the amount of SARS-CoV-2 IgG antibody present. The measuring
range is 0.50-150 Index.

The COV2T assay is a one-step (i.e., no wash step in between addition
of Solid Phase Reagent and the Lite Reagent) automated sandwich
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(antibody bridging) chemiluminescent immunoassay that uses antigens
to bridge patient sample antibodies. The patient sample is incubated
with the Solid Phase Reagent (containing bound recombinant antigens)
that captures antibodies in the specimen, followed by incubation with
Lite Reagent (recombinant S1 RBD antigen labeled with acridinium
ester). Upon binding of antigen in the Lite Reagent to antibody bound to
the Solid Phase antigens, a signal (RLU) is generated that is directly
related with the amount of SARS-CoV-2 antibodies present in the sam-
ple. The measuring range is 0.50-75 Index.

Both assays were performed according to the manufacturer’s indi-
vidual instructions for use. An index value of >1.00 indicates a positive
(reactive) result for both assays, established with calibrators. The
Atellica IM COV2T Calibrator is processed human plasma (defibrinated
and filtered) nonreactive for antibodies to SARS-CoV-2 (low calibrator)
and processed (defibrinated and filtered) human plasma spiked with
antibodies to SARS-CoV-2 (high calibrator). The Atellica IM COV2G
Calibrator is processed (defibrinated and filtered) human plasma
nonreactive for SARS-CoV-2 antibodies (low calibrator) and horse serum
spiked with human monoclonal IgG antibodies to SARS-CoV-2 (high
calibrator). The calibrators are used to give a quantitative patient result.

Both assays were authorized under the U.S. Food and Drug Admin-
istration Emergency Use Authorization (EUA) at the time of the study
(Atellica IM sCOVG: March 2021; Atellica IM COV2T: May 2020) (FDA,
2021).

Patient sera samples (128) RT-PCR positive for SARS-CoV-2 were
purchased from Cerba Research (Ghent, Belgium), Discovery Life Sci-
ences (Huntsville, AL), and Boca Biolistics (Pompano Beach FL, USA)
which had relevant institutional ethics agreements and donor consent
for the collection of specimens.

2.1. sCOVG calibration

The sCOVG assay is directly calibrated to WHO IS (not yet available
to customers). Customers can report positive or negative results and/or
the BAU/mL associated with that result. The sSCOVG assay is calibrated
directly to the WHO IS by assigning BAU/mL values to internal stan-
dards when calibrating with the WHO 1IS. Ten dilutions were prepared
with the WHO IS in negative human serum to calibrate the assay. The
sCOVG assay using WHO IS calibration and Index calibration was
compared by running 128 clinical samples. The relationship between the
index value and BAU/mL was then calculated.

2.2. COV2T calibration

The COV2T assay is calibrated with internal standards not traceable
to the WHO IS but rather an Index value as defined by Siemens
Healthineers. A series of dilutions of the WHO IS was performed in
negative human serum to establish the relationship between COV2T
Index and BAU/mL. The eight samples in Fig. 1 B are the individual
diluted WHO IS samples. The Index to BAU/mL relationship is a function
of the slope and intercept of the comparison.

3. Results

Results for calibration of the two anti-S1 RBD Ig assays to the WHO IS
are presented in Fig. 1 and summarized in the Table 1. The cut-off Index
of 1.00 for the sCOVG assay was observed to correspond to a WHO BAU/
mL value of 45.1 and the cut-off Index of 1.00 for the COV2T assay
corresponded to a WHO BAU/mL value of 6.70.

4. Discussion

In this study, calibration of two common anti-S1 RBD Ig assays
(sCOVG and COV2T) assays to WHO BAU/mL was performed. The WHO
IS has one assigned value for serological assays, 1000 BAU/mL, which
can be used to compare assays of the same immunoglobulin class and
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Fig. 1. A. Atellica IM sCOVG assay traceability to WHO 20/136 (BAU/mL). The
Index and BAU/mL values were calculated independently using 2-point cali-
bration from the Index and BAU/mL master curves from 128 individual positive
remnant samples obtained from COVID-19 positive individuals. B. Atellica IM
COV2T assay traceability to WHO 20/136 (BAU/mL). The Index and BAU/mL
values were calculated independently using 2-point calibration from the Index
and BAU/mL master curves from eight individual positive samples obtained
from COVID-19 positive individuals.

Table 1
Atellica IM / ADVIA Centaur sCOVG assay and Atellica IM / ADVIA Centaur
COV2T assay traceability to WHO 20/136 (BAU/mL).

Assay sCOVG COov2T
Reporting units Index Index

Cut off 1.00 Index 1.00 Index
R 0.972 0.999
WHO BAU/mL at 1.00 Index cut off 45.1 6.70

The sCOVG results were established using the Atellica IM sCOVG assay, which
has the same reagent formulations as the ADVIA Centaur® sCOVG assay (EUA
June 17, 2021) (FDA, 2021).
The COV2T results were established using the Atellica IM COV2T assay, which
has the same reagent formulations as the ADVIA Centaur® COV2T assay (EUA
May 29, 2020) (FDA, 2021).

antigen specificity. It will not harmonize assays that use different viral
proteins or harmonize assays of total Ig to assays that measure IgG or
IgM. Although the correlates of protection against SARS-CoV-2 are not
completely defined, several studies have supported the involvement of
antibody-mediated immunity as one potential correlate of protection.
Other proposed correlates of protection such as cell-mediated immunity
(involving cytotoxic cells) are currently being investigated (DiPiazza
et al., 2021; Earle et al., 2021; Toor et al., 2021). Several studies have
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found that binding and neutralizing antibodies are correlated to each
other — both potential correlates of protection. Recent studies using
vaccine trial data have found a high correlation between anti-RBD IgG
and neutralizing antibody titers (Lustig et al., 2021), and between
neutralizing antibodies and vaccine efficacy, and/or between binding
antibodies and vaccine efficacy (Farle et al., 2021; Feng et al., 2021;
Khoury et al., 2021). A positive relationship was found between vaccine
efficacy and neutralizing antibody (S protein IgG) titers in an evaluation
of results from seven different vaccine Phase III trials — despite the
different vaccine technologies, and other variables (Earle et al., 2021).
Calibration to the WHO IS will provide confidence when comparing
serology results across studies that use various lab-developed and
commercial serology assays around the world due to traceability to a
single standard reference material.

In conclusion, this study has demonstrated traceability of index
values for two common assays to WHO IS in BAU/mL (sCOVG, 1.00
Index = 45.1 BAU/mL; and COV2T, 1.00 Index = 6.70 BAU/mL). Cali-
bration of these two common SARS-CoV-2 serology assays to the WHO IS
reference material will help efforts to define antibody correlates of im-
mune protection and determine usefulness of serology thresholds as
surrogates of neutralization activity and vaccine efficacy.

Data availability

Data will be made available on request.
Author contributions

JF designed and supervised the study and drafted the manuscript. JF
and JC and were involved with sample processing, project coordination,
testing, analysis of data, and interpretation. Both authors contributed to
proof-reading the manuscript and approved the final manuscript.

Funding source

This work was funded by Siemens Healthineers, Tarrytown, New
York, United States.

Patient consent for publication

Patient sera samples (128) RT-PCR positive for SARS-CoV-2 were
purchased from Cerba Research (Ghent, Belgium), Discovery Life Sci-
ences (Huntsville, AL), and Boca Biolistics (Pompano Beach FL, USA)
which had relevant institutional ethics agreements and donor consent

Journal of Virological Methods 300 (2022) 114430

for the collection of specimens.

Declaration of Competing Interest

The authors are full-time employees of Siemens Healthineers, Tar-
rytown, New York, United States.

References

Gundlapalli, A.V., Salerno, R.M., Brooks, J.T., Averhoff, F., Petersen, L.R., McDonald, L.
C., lademarco, M.F., 2021. SARS-CoV-2 serologic assay needs for the next phase of
the US COVID-19 pandemic response. Open Forum Infect. Dis. 8, ofaa555.

Castillo-Olivares, J., Wells, D.A., Ferrari, M., Chan, A.C.Y., Smith, P., Nadesalingam, A.,
Paloniemi, M., Carnell, G.W., 2021. Analysis of serological biomarkers of SARS-CoV-
2 infection in convalescent samples from severe, moderate and mild COVID-19 cases.
Front. Immunol. 19 (November 2021) https://doi.org/10.3389/
fimmu.2021.748291.

DiPiazza, A.T., Graham, B.S., Ruckwardt, T.J., 2021. T cell immunity to SARS-CoV-2
following natural infection and vaccination. Biochem. Biophys. Res. Commun. 538,
211-217.

Earle, K.A., Ambrosino, D.M., Fiore-Gartland, A., Goldblatt, D., Gilbert, P.B., Siber, G.R.,
Dull, P., Plotkin, S.A., 2021. Evidence for antibody as a protective correlate for
COVID-19 vaccines. Vaccine 39, 4423-4428.

FDA, 2021. US Food and Drug Administration. Coronavirus Disease 2019 (COVID-19)
Emergency Use Authorizations for Medical Devices: in Vitro Diagnostics EUAs -
Serology and Other Adaptive Immune Response Tests for SARS-CoV-2. Available at:
https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-19-
emergency-use-authorizations-medical-devices/in-vitro-diagnostics-euas-serology-
and-other-adaptive-immune-response-tests-sars-cov-2. Last accessed November 29,
2021.

Feng, S., Phillips, D.J., White, T., Sayal, H., Aley, P.K., Bibi, S., Dold, C., Fuskova, M.,
Gilbert, S.C., Hirsch, 1., Humphries, H.E., Jepson, B., Kelly, E.J., Plested, E.,
Shoemaker, K., Thomas, K.M., Vekemans, J., Villafana, T.L., Lambe, T., Pollard, A.J.,
Voysey, M., Oxford, C.V.T.G., 2021. Correlates of protection against symptomatic
and asymptomatic SARS-CoV-2 infection. Nat. Med. 27, 2032-2040.

Khoury, D.S., Cromer, D., Reynaldi, A., Schlub, T.E., Wheatley, A.K., Juno, J.A.,
Subbarao, K., Kent, S.J., Triccas, J.A., Davenport, M.P., 2021. Neutralizing antibody
levels are highly predictive of immune protection from symptomatic SARS-CoV-2
infection. Nat. Med. 27, 1205-1211.

Kristiansen, P.A., Page, M., Bernasconi, V., Mattiuzzo, G., Dull, P., Makar, K., Plotkin, S.,
Knezevic, 1., 2021. WHO international standard for anti-SARS-CoV-2
immunoglobulin. Lancet 397, 1347-1348.

Lustig, Y., Sapir, E., Regev-Yochay, G., Cohen, C., Fluss, R., Olmer, L., Indenbaum, V.,
Mandelboim, M., Doolman, R., Amit, S., Mendelson, E., Ziv, A., Huppert, A.,
Rubin, C., Freedman, L., Kreiss, Y., 2021. BNT162b2 COVID-19 vaccine and
correlates of humoral immune responses and dynamics: a prospective, single-centre,
longitudinal cohort study in health-care workers. Lancet Respir. Med. 9, 999-1009.

National Institute for Biological Standards and Control (NIBSC), 2021. WHO
International Standard. First WHO International Standard for anti-SARS-CoV-2
Immunoglobulin (human); NIBSC Code: 20/136. Instructions for Use (Version 2.0,
Dated 17/12/2020). https://www.nibsc.org/documents/ifu/20-136.pdf. (Accessed
13 Aug. ).

Toor, S.M., Saleh, R., Sasidharan Nair, V., Taha, R.Z., Elkord, E., 2021. T-cell responses
and therapies against SARS-CoV-2 infection. Immunology 162, 30-43.


http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0005
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0005
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0005
https://doi.org/10.3389/fimmu.2021.748291
https://doi.org/10.3389/fimmu.2021.748291
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0015
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0015
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0015
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0020
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0020
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0020
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0025
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0025
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0025
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0025
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0025
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0025
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0025
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0030
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0030
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0030
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0030
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0030
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0035
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0035
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0035
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0035
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0040
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0040
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0040
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0045
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0045
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0045
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0045
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0045
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0050
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0050
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0050
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0050
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0050
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0055
http://refhub.elsevier.com/S0166-0934(21)00369-4/sbref0055

