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ABSTRACT

Objectives: The Pfizer-BioNTech BNT162b2 vaccine against SARS-CoV-2 infection is now
available. This vaccine induces antibody production against the receptor-binding domain
(RBD) of the spike glycoprotein S1 (S1-RBD). This study evaluated the performance of new
immunoassays to measure this type of antibody.

Methods: Blood samples were collected at tO (prime dose), after 21 days (t1, booster
dose), and then after another 15 days (t2) from 70 health care professionals who had tested

negative for previous SARS-CoV-2 infection and underwent vaccination with BNT162b2.

Results: Antibodies against S1-RBD were measured using 4 commercial assays. At tO,

t1, and t2, the median antibody concentrations (interquartile range) were, respectively,

0.2 (0.1-0.4), 49.5 (19.1-95.7), and 888.0 (603.6-1,345.8) U/mL by Maglumi SARS-CoV-2
S-RBD immunoglobulin G (IgG) (Shenzen New Industries Biomedical Engineering, Snibe
Diagnostics); 0.0 (0.0-0.0), 7.9 (4.2-15.6), and 112.3 (76.4-205.6) U/mL by Atellica IM
SARS-CoV-2 IgG assay (Siemens Healthineers); 0.0 (0.0-0.0), 59.9 (18.3-122.0), and 2,646.0
(1,351.2-4,124.0) U/mL by Elecsys Anti—-SARS-CoV-2 S assay (Roche Diagnostics); and 1.8
(1.8-1.8), 184 (94-294), and 1,841.0 (1,080.0-2,900.0) AU/mL by LIAISON SARS-CoV-2
TrimericS IgG assay (DiaSorin). The differences between medians at t0, t1, and t2 were all

statistically significant (P <.001).

Conclusions: Antibodies against nucleocapsid proteins (N) were also measured using
Maglumi 2019-nCoV IgG assay, which showed all negative results. All the considered
anti-RBD methods detected response to the vaccine, while the method directed against
anti-N failed to show response.

INTRODUCTION

Since 2000, the COVID-19 pandemic has been conquering the world, leading to millions of
people affected. Against this backdrop, vaccination seems to be the best strategy to erad-
icate the disease. The recent availability of SARS-CoV-2 vaccines could determine a new

role for serologic tests. In this context, baseline assessment and postvaccine monitoring of
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KEY POINTS

e The SARS-CoV-2 immunoassays
can detect antibodies with
different antigenic targets and
different analytical performances.

* Immunoassays against the
receptor-binding domain protein
reveal a great response after
BNT162b2 vaccination against
SARS-CoV-2.

e The different methods studied
correlate strongly.
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anti-SARS-CoV-2 antibodies may prove instrumental for vaccina-
tion strategies (prioritization of individuals with no previous infec-
tion) as well as monitoring the extent and duration of the humoral
immune response.”™

To achieve this goal, it would be necessary to quantify the
antibody concentration, given that interindividual response to a
vaccine may differ widely (particularly in patients with previous in-
fection or those on immunosuppressive therapies); in addition, the
antibody concentration tends to diminish over time.**

Serologic assays for SARS-CoV-2 are becoming widely available
and include enzyme-linked immunosorbent assay (ELISA), lateral
flow assays, virus neutralization assays, and chemiluminescent im-
munoassays (CLIAs) run on fully automated clinical laboratory in-
struments.® Given the potentially high volume of test requests, the
use of fully automated clinical laboratory instruments is advisable.

The immunoassays can detect antibodies with different an-
tigenic targets, produced during SARS-CoV-2 infection, and are
mainly directed against nucleocapsid protein (N) or viral spike
glycoprotein (S).” The first proposed immunoassays targeted
SARS-CoV-2 N or S. Most vaccines, however, are currently under
emergency use authorization (EUA) in the United States, Europe,
and Asia (BNT162b2 [Pfizer-BioNTech|, mRNA-1273 [Moderna],
Ad26.COV2.S [Janssen/Johnson & Johnson], ChAdOx1 nCoV-19
[AstraZeneca-Oxford University], NVX-CoV2373 [Novavax]|, and
Gam-COVID-Vac [Sputnik V])® aim to induce the antibody response

exclusively against the spike glycoprotein S1°™

and the receptor-
binding domain (RBD) of the SI subunit of the protein spike. These
antibodies appear to better correlate with virus neutralization.”

At this stage, neither the antibody response nor its magni-
tude to vaccination, including expected antibody concentrations
and measurement differences between different immunoassays,
is known. New immunoassays that target the RBD were recently
made available.

We chose to evaluate the performance of 4 tests, targeted at
RBD antibodies, by comparing them with 1 used in our laboratory,
which is targeted at N antibodies. Participants were health care
professionals who tested negative to previous SARS-CoV-2 infec-
tion through a real-time polymerase chain reaction (PCR) method
before and after the BNT162b2 vaccine.

MATERIALS AND METHODS

The study involved 70 St Bortolo Hospital Laboratory Medicine
Department employees (median age [range] 48 [38-55] years; 60
women, 10 men; all White).

Because of company protocol, all 70 health care workers were
subjected to health surveillance in the SARS-CoV-2 pandemic pe-
riod (March 2020 to March 2021). Workers were subjected to pe-
riodic coronavirus tests, conducted using the rapid antigenic test
(SARS-CoV-2 Rapid Antigen Test [Roche Diagnostics]; sensitivity,
95%,; specificity, 99.2%) for an immediate answer by the real-
time PCR method (cobas 6800 SARS-CoV-2 test [Roche Diagnos-
tics]; sensitivity, 100%; specificity, 100%) for confirmation, which

showed negative results.
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From December 2020 to February 2021, all participants un-
derwent BNT162b2 vaccine administration. SARS-CoV- 2 antibody
measurement was performed in all health care workers before the
first vaccine dose (t0), after 21 days (t1, booster dose), and 14 days
following the booster dose (t2). Serum samples, collected in a test
tube with coagulation activator and separator gel (Vacutest, Kima)
were centrifuged and stored in a freezer at —80°C. All participants
included in the study signed the informed consent form, and the
study complied with the World Medical Association’s Declaration
of Helsinki.

Samples were analyzed using 5 differentimmunoassays in a sin-
gle analytic session. Assays were performed with all instruments in
a single session on the same day. Samples in the third control were
prediluted with negative serum pool as the same aliquot was pro-
cessed on all analyzers to avoid eventual dilution errors.

Antibody detection and quantification were performed with 5
different immunoassays (analytical performance and diagnostic
accuracy data by manufacturers’ instructions) [LEEEEN:

1. Maglumi 2019-nCoV immunoglobulin G (IgG) (Shenzen New
Industries Biomedical Engineering, Snibe Diagnostics). The
chemiluminescent analytical system is based on a monoclonal
antibody (mAb) anti-IgG (against SARS-Cov-2 N-protein), la-
beled N-(4-aminobutyl)-N- (ethylisoluminol) (ABEI), acting as
a chemiluminescent reagent.

2. Maglumi SARS-CoV-2 S-RBD IgG (CLIA), a method of quanti-
tative determination for S-RBD IgG antibodies to SARS-CoV-2.
The assay is based on magnetic microbeads coated with re-
combinant SARS-CoV2 S-RBD antigen and antihuman IgG an-
tibody labeled with ABEI.

3.  Elecsys Anti-SARS-CoV-2 S (Roche Diagnostics) implemented
with the cobas 411 analyzer, an immunoassay for in vitro quan-
titative determination of total (IgG, IgA, and IgM) antibodies
to the SARS-CoV-2 S protein RBD in human serum and plasma.
The assay uses a recombinant protein, representing the RBD of
the S antigen in a double-antigen sandwich assay format. The
sample is incubated with biotinylated SARS-CoV-2 S-RBD—
specific recombinant antigen and SARS-CoV2 S-RBD-specific
recombinant antigen labeled with a ruthenium complex. After
adding streptavidin-coated microparticles, the complex is
bound to the solid phase via interaction .

4. Atellica IM SARS-CoV-2 IgG (sCOV2G) (Siemens Healthineers),
a quantitative method for detection of IgG antibodies against
the S1-RBD antigen. This test is a fully automated, 2-step sand-
wich immunoassay, with indirect chemiluminescent tech-
nology. The patient specimen is incubated with preformed
complex of streptavidin-coated particles and biotinylated
SARS-CoV-2 recombinant antigens. The antibody-antigen
complex is detected by an acridinium ester—labeled antihuman
IgG mouse mAb.

5. LIAISON SARS-CoV-2 TrimericS IgG (DiaSorin) assay. This
test uses chemiluminescent technology for quantitative de-
termination of IgG against SARS-CoV-2 trimeric spike protein.

The main test consists of magnetic particles coated with the
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SARS-CoV-2 recombinant trimeric spike protein and a con-
jugate reagent, containing a mouse mAb (directed against
human IgG and bound to a derivative of isoluminol [antibody-
isoluminol conjugate]).

The statistical significance between medians was evaluated using
a nonparametric distributions test (Wilcoxon signed rank test for
paired samples) and correlation coefficient by the Spearman rank
correlation using MedCalc, version 19.6, statistical software. For
comparison and evaluation purposes, we considered measure-
ments obtained at tl and t2 for every instrument. All data are pre-

sented as the median and interquartile range.

RESULTS

Samples collected before vaccination (t0) were below the cut-
off in all 70 participants using Elecsys Anti-SARS-CoV-2 S assay
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(<0.4 U/mL in all samples) and the Atellica IM SARS-CoV-2 IgG
assay (0.0 [0.0-0.0] index). In the same samples, all but 1 con-
centration (28.0 AU/mL) were below the cutoff level using the
LIAISON SARS-CoV-2 TrimericS IgG assay (1.8 [1.8-1.8] AU/mL);
the Maglumi SARS-CoV-2 S-RBD IgG assay showed a median con-
centration of 0.2 [0.1-0.4] AU/mL, with 2 samples over its cutoff
(1.2 AU/mL and 4.6 AU/mL, respectively). Last, the Maglumi 2019-
nCoV IgG assay showed a concentration of 0.0 (0.0-0.0) AU/mL,
with 4 samples over cutoff (1.9, 1.9, 3.2, and 4.3 AU/mL). These
samples do not show significant differences (P = not significant
[NS]) after checks at tl and t2.

Samples collected 21 days after BNT162b2 vaccine inoculation
(t1) showed an increase in antibody concentration in all patients
using all methods: by Maglumi SARS-CoV-2 S-RBD IgG assay (49.5
[19.1-95.7] AU/mL; P <.001), Elecsys Anti—-SARS-CoV-2 S assay (59.9
[18.3-122] U/mL; P < .001), Atellica IM SARS-CoV-2 IgG assay (7.9
[4.2-15.6] index; P < .001), and LIAISON SARS-CoV-2 TrimericS IgG

TABLE 1 Main Characteristics of the 5 Immunoassays Studied, 4 for the Determination of Antibodies to SARS-CoV-2 S1-RBD/Spike Protein and 1 for

Antibodies to 2019-nCoV Recombinant Antigen

Maglumi

Atellica IM SARS-CoV-2 LIAISON SARS-CoV-2 | SARS-CoV-2 Maglumi

IgG Elecsys Anti—-SARS-CoV-2 S TrimericS IgG S-RBD IgG 2019-nCoV IgG
Manufacturer Siemens Healthineers Roche Diagnostics DiaSorin Snibe Snibe
Immunoassay 2-step sandwich 1-step double-antigen sandwich 2-step sandwich 2-step sandwich 2-step sandwich

immunoassay assay immunoassay immunoassay immunoassay
Detection of IgG Qualitative and quantitative Qualitative and quantitative Quantitative Quantitative Qualitative
antibodies
Technology Indirect chemiluminescence Electrochemiluminescence Indirect chemiluminescence | Indirect Indirect

chemiluminescence

chemiluminescence

Measuring interval 0.50-150.0 [index] 0.4-250 U/mL 1.85-800.0 AU/mL 0.180-100.0 AU/mL 0.180-100.0 AU/
mL
Units Index U/mL AU/mL AU/mL AU/mL
Specimen types Serum, lithium heparin plasma | Serum, lithium heparin and EDTA Serum, lithium heparin and | Serum, EDTA plasma Serum, EDTA
plasma EDTA plasma plasma
Reagents Mouse monoclonal antihuman | Recombinant protein representing the | Mouse monoclonal Antihuman IgG antibody | 2019-nCoV
IgG antibody labeled with RBD of the S antigen in a double- antihuman IgG antibody labeled with ABEI recombinant antigen
acridinium ester antigen sandwich assay format linked to an isoluminol labeled with ABEI
(biotinylated RBD antigen sample derivative
anti-SARS-CoV-2 ruthenylated RBD
antigen)
Reagents—solid phase Streptavidin-coated Streptavidin-coated microparticles Paramagnetic particles Magnetic Magnetic

paramagnetic microparticles
performed with biotinylated
SARS-CoV-2 S1 RBD antigen

coated with recombinant
trimeric SARS-CoV-2 spike
protein

microbeads coated
with recombinant
SARS-CoV-2 S-RBD
antigen

microbeads coated
with antihuman IgG
antibody

Heat inactivation Not recommended Not recommended Not declared Recommended Recommended
Cutoff (reactive) >1.00 index >0.80 U/mL >13.0 AU/mL >1.00 AU/mL >1.10 AU/mL
Limit of blank 0.40 index 0.30 U/mL 0.595 AU/mL 0.100 AU/mL —

Limit of detection 0.50 index 0.35 U/mL 0,.12 AU/mL 0.180 AU/mL —

Limit of quantitation 0.50 index 0.40 U/mL 1.63 AU/ml — —
Reproducibility, % <71 <6.7 <5.8 <85 <6.9

Clinical sensitivity (after | 96.41 96.6 98.7 100 91.2

15d), %

Clinical specificity, % 99.90 99.98 99.5 99.6 97.3

ABEI, N-(4-aminobutyl)-N-ethylisoluminol; IgG, immunoglobulin G; S1-RBD, receptor-binding domain (RBD) of the spike glycoprotein S1.
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assay (184 [94-294] AU/mL; P < .001). Assays performed using the
Maglumi 2019-nCoV IgG assay showed no significant difference
among t0, tl, and t2 samples (Wilcoxon rank sum test for paired
data [P = NS).

Samples collected 14 days after the booster dose showed a sig-
nificant increase in antibody concentration with the Maglumi SARS-
CoV-2 S-RBD IgG assay (888.0 [603.6-1,345.8] AU/mL; P < .001),
Elecsys Anti—-SARS-CoV-2 S assay (2,646.0 [1,351.2-4,124.0] U/mL; P<
.001), the Atellica IM SARS-CoV-2 IgG assay (1,22.3 [76.4-205.6] index
[P<.001]), and the LIAISON SARS-CoV-2 TrimericS IgG assay (1,841.0
[1,080.0-2,900.0] AU/mL; P <.001) BVl FIGURE 1 |

The correlation among methods ranged from the lowest
(Elecsys vs LIASON [R = 0.93]) to the highest (Atellica vs Maglumi
[R=0.98]), considering t1 and t2 measurements [[FISIGIE1.

DISCUSSION

Antibodies produced during SARS-CoV-2 infection are directed
against the proteins of the nucleocapsid and glycoprotein, consti-
tuting spikes of the virus.” From virus entry into the host cell, an
interaction takes place between the unique and highly conserved
viral spike glycoprotein and the angiotensin-converting enzyme 2
(ACE2) cell receptor.” The humoral immune response has the po-
tential to block the infection by neutralizing antibodies that would
prevent the virus from infecting the host cell. SARS-CoV-2 infec-
tions begin when the viral spike protein engages the host ACE2 re-
ceptor. Two regions constitute the virus transmembrane spike pro-
tein: S1 and S2. The S1 region mediates the recognition and binding
of the virus receptor to host cells by means of fragment-spanning
amino acids 318-510, named RBD." At the same time, the S2 region
facilitates virus fusion and entry."'* The humoral immune response
for SARS-CoV-2 is achieved by interfering with the spike-ACE2 re-
ceptor interaction.”

Most vaccines under study in the preclinical and clinical eval-
uation stages aim to induce antibody response against the spike

10,11

protein S1.™" So far, numerous trials have led to the creation of

different anti-SARS-CoV-2 vaccine formulations, with different
strategies to convey and induce the antibody stimulus against the

. 18-20
virus.

Eight vaccines have been granted EUA in the United States,
Europe, and Asia for immunization: 2 messenger RNA (mRNA) vac-
cines (Pfizer-BioNTech’s BNT162b2” and Moderna’s mRNA-1273),”
3 vector-based adenoviruses (AstraZeneca-Oxford University’s
ChAdOx1 nCoV-19 [AZD1222],” Janssen/Johnson & Johnson’s Ad26.
COV2.5,* and Sputnik V’s Gam-COVID-Vac),” 1 recombinant pro-
tein vaccine (Novavax’s NVX-CoV2373),” and 2 inactivated virus
vaccines (Sinopharm’s BBIBP-CorV and Sinovac’s CoronaVac).”*
All vaccines carry genetic information to produce the SARS-CoV-2
spike protein against the RBD of the S1 subunit of the protein spike.

BNT162b2 is a lipid nanoparticle-formulated nucleoside-
modified mRNA vaccine that encodes the RBD of the SARS-
CoV-2 spike protein. Some reports show that the neutralizing
antibody titers are strongly correlated with RBD-binding IgG
concentrations.”

It was reported that after the priming dose of Pfizer vaccine
(30 pg), the geometric mean concentrations (GMCs) of RBD-
binding IgG increased to 1,273 U/mL and to 12,431 U/mL 21 days
after the boosting dose compared with a GMC of 602 U/mL in a
panel of convalescent sera from patients who were infected with
SARS-CoV-2.”° In these studies, anti-RBD antibodies were quanti-
fied by ELISA methods, but recently available, highly automated
immunoassays specifically targeting the RBD domain of protein S
seem to correlate well with neutralizing antibodies.**

Several immunoassays are available, but they differ in the type
of detected antibodies (IgG, IgM, IgA, and total) and in particular
with the antigenic target (S1, S2, spike glycoprotein RBD, or N). In
our study, we compared the performance of 4 different immuno-
assays that specifically target the RBD and a fifth method targeting
N proteins only.

The studied population consisted of health workers negative for
previous SARS-CoV-2 infection. In fact, the basal antibody meas-
urement was below the cutoff with the Elecsys Anti—-SARS-CoV-2
S and Atellica IM SARS-CoV-2 IgG assays. One sample at tO was
over cutoff using the LIAISON SARS-CoV-2 TrimericS IgG assay,
and 2 samples at tO were equally over cutoff using the Maglumi
SARS-CoV-2 S-RBD IgG assay. Antibody concentrations were low,
and participants were negative using the Maglumi 2019-nCoV IgG
assay; they can likely be defined as nonspecific IgG.

TABLE 2 Antibody Serum Concentrations of 70 Health Care Personnel Vaccinated With the BNT162b2 Vaccine, Measured by the 5 Immunoassays

Studied, at t0, t1, and t2%

Immunoassay Units t0 Prime Dose, Time O tl Booster Dose, 21 d After Prime Dose t2 15 d After Booster Dose
Atellica IM SARS-CoV-2 IgG Index 0.0 (0.0-00) 7.9 (4.2-15.6)° 122.3 (76.4-205.6)°

LIAISON SARS-CoV-2 TrimericS 1gG AU/mL 1.8(1.8-1.8) 184 (94-294)° 1,852 (336-7,000)°

Maglumi SARS-CoV-2 S-RBD IgG AU/mL 0.2(0.1-0.4) 49.5(19.1-95.7) 888.0 (603.6-1,345.8)°

Elecsys Anti-SARS-CoV-2 S U/mL <0.4

59.9 (18.3-122.0)° 2,646.0 (1,351.2-4,214.0)°

Maglumi 2019-nCoV IgG AU/mL 0.0 (0.0-0.0)

0.0 (0.0-0.0)" 0.0 (0.0-0.0°

IgG, immunoglobulin G; IQR, interquartile range; NS, not significant; t0, prime vaccine dose; t1, dose 21 days after tO (booster dose); t2, 15 days after tl.

“All values are median [IQR]; P values are reported.
P <.001 (t0-t1).

P<.0001 (t1-t2).

4p=NS (t0-tl).

‘P=NS (t1-t2).
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LIAISON SARS-CoV-2 TrimericS IgG (AU/mL), and Maglumi 2019-nCoV IgG (AU/mL). Data are represented in logarithm scale.

Four samples were over cutoff using the Maglumi 2019-nCoV
IgG assay on all checks, with values that did not differ significantly.
None of these had positive tO samples with any other assays. It is
plausible that these patients had been previously infected by the
SARS-CoV-2 virus without showing symptoms.

At t1, 21 days after the first vaccine dose, the antibody concen-
trations had risen in all participants such that all samples were over
cutoff on every method. At the booster dose, 15 days later (t2), all
participants showed high antibody concentrations. Data distribu-
tion was heterogeneous, with samples ranging from 20- to 400-fold
the cutoff using the Atellica assay, from 130- to 8,800-fold the cut-
off using the Elecsys assay, from 300- to 7,000-fold the cutoff using
the LIAISON assay, and from 300- to 3,000-fold the cutoff using the
Maglumi SARS-CoV-2 S-RBD IgG assay.

Analyzing data on a logarithmic scale, the 4 methods for
anti-RBD antibody detection correlated well among them-
selves [[FIEVEEEY, although the absolute values may seem differ-
ent. It should be noted, however, that the 4 methods use different
units of measurement and different scales. It is possible that better
harmonization of the units and cutoff could further improve the
quantitative and diagnostic agreement between methods, as other
authors have already suggested.”

Moreover, the National Institute for Biological Standards and
Control in the United Kingdom recently launched the first World
Health Organization international standard for anti-SARS-CoV-2

© American Saciety for Clinical Pathology

immunoglobulin.”> The presence of reference material will enable
various companies to propose possible conversion of the differ-
ent units currently used into international binding arbitrary units
(BAU/mL).

Yet, it was interesting to observe that the measure of IgG antibodies
directed against the nucleocapsid at tl and t2 did not differ from the
basal measure after administration of the vaccine. This finding is sig-
nificant because it indicates that vaccine-induced immunity is different
from immunity obtained in the aftermath of a SARS-CoV-2 infection. In
fact, the infection probably determines the formation of several different
antibodies, including anti-RBDs, while spike protein—based vaccines
cause the specific increase of anti-RBD antibodies, instead. After vacci-
nation with the Pfizer vaccine, antibodies will be elicited only against 1
part of the virus, the spike protein.***

Only serology assays specific for antibodies that target regions
within the spike protein (eg, the RBD) can be used to evaluate im-
mune response to the BNT162b2 vaccine. Further studies must assess
the performance of immunoassays with other vaccines or with inacti-
vated whole virus-based vaccines. In contrast, the determination of
antibodies against nucleocapsid proteins could be critical in determin-
ing whether a person has been exposed to SARS-CoV-2 in the past and
then developed antibodies against the virus.

The main limitation of our study is the assessment of antibody
kinetics related to administration of the Pfizer-BioNTech BNT162b2

vaccine alone.
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r=0.95; P <.001. C, Atellica IM SARS-CoV-2 IgG vs Maglumi SARS-CoV-2 S-RBD IgG: log(y) = —0.674 + 0.935 log(x); r = 0.98; P < .001. D, LIAISON
SARS-CoV-2 TrimericS IgG vs Maglumi SARS-CoV-2 S-RBD IgG: log(y) = —0.907 + 0.785 log(x); r = 0.95; P < .001. E, Elecsys Anti-SARS-CoV-2 S vs
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