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Abstract

Background: Several commercial surrogate Virus Neutralization Tests (sVNTs) have been developed in the last year. Neutralizing anti-
SARS-CoV-2 antibodies through interaction with Spike protein Receptor Binding Domain (S-RBD) can block the virus from entering
and infecting host cells. However, there is a lack of information about the functional activity of SARS-CoV-2 antibodies that may be
associated with protective responses. For these reasons, to counteract viral infection, the conventional virus neutralization test (VNT) is
still considered the gold standard. The aim of this study was to contribute more and detailed information about sVNTs’ performance, by
determining in vitro the anti-SARS-Co V-2 neutralizing antibody concentration using four different commercial assays and then comparing
the obtained data to VNT. Methods: Eighty-eight samples were tested using two chemiluminescence assays (Snibe and Mindray) and two
ELISA assays (Euroimmun and Diesse). The antibody titers were subsequently detected and quantified by VNT. Results: The overall
agreement between each SVNT and VNT was 95.45% for Euroimmun and 98.86% for Diesse, Mindray and Snibe. Additionally, we
investigated whether the sVNTSs were closer to the gold standard than traditional anti-SARS-CoV-2 antibody assays S-RBD or S1 based,
finding a higher agreement mean value for sVNTs (98.01 & 1.705% vs 95.45 £ 1.921%; p < 0.05). Furthermore, Spearman’s statistical
analysis for the correlation of sVNT versus VNT showed r = 0.666 for Mindray; r = 0.696 for Diesse; r = 0.779 for Mindray and r =
0.810 for Euroimmun. Conclusions: Our data revealed a good agreement between VNT and sVNTs. Despite the VNT still remains the
gold standard, the sVNT might be a valuable tool for screening wider populations.
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1. Introduction and identifying new foci, and in evaluating vaccine efficacy
and therapeutic antibody development [4—8].

The severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) and resulting COVID-19 disease have pre-
sented a relevant challenge in laboratory diagnostics [1,2].
During the current pandemic, several SARS-CoV-2 diag-
nostic platforms have been developed and tested for clin-
ical use. Serological assays are essential in the detection
of anti-SARS-CoV-2 antibodies and in monitoring conva-
lescent and vaccine-induced immunity [3]. Mainly, they
play a supplementary but indispensable role in diagnosing
suspected cases with negative swab, in asymptomatic or
past SARS-CoV-2 infection patients, for epidemiological
assessment, assuring the contact-tracing of positive cases

During the last 18 months, different serologic tests de-
tecting specific SARS-CoV-2 antibodies were developed,
some of which give quantitative results; however, these
tests may detect all binding antibodies to a specific target,
but they do not provide correct information on the potency
of functional antibodies that may be associated with protec-
tive responses. In general, when analysing the correlation
between antibody titer and neutralizing capacity it is neces-
sary to distinguish between humoral immunity induced by
natural infection and humoral immunity induced by vacci-
nation. In fact, only in the latter do the amount of anti-
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bodies and the neutralizing capacity correlate very well [9—
12]. Therefore, in parallel to the development of reliable
quantitative serological tests, there is an urgent need for fast
and sensible functional assays to improve the understand-
ing of SARS-CoV-2 immune responses, their kinetics over
time and the knowledge of antibody persistence [13]. It is
unclear how long SARS-CoV-2 neutralizing antibodies last
and, as a result, whether they can provide long-term protec-
tion [14]. Although, some studies have shown a correlation
between binding and neutralizing antibodies, neutralizing
antibody assays are still a gold standard to judge the immu-
nity tone of a patient [15,16].

Notably, the Virus Neutralization Test (VNT), and
more specifically the Plaque Reduction Neutralization Test
(PRNT) [17], is considered the gold standard for serologi-
cal detection measuring neutralizing antibodies. It detects
functional antibodies and its results demonstrate blocking
virus infection, thus representing a strong correlative in-
dicator of protection from disease. As PRNT variants,
some Neutralization Tests (NTs) were developed by observ-
ing the Focus Reduction (FRNT) or the CytoPathic Effect
(CPE) [18]. The principles are basically identical to those
of PRNT, and are based on the single microscopy observa-
tion of infected foci or CPE reduction, instead of counting
plaques.

All these assays use SARS-CoV-2 replicating virus.
VNTs are inconvenient in that they require BioSafety Level
(BSL)-3 laboratories and often require intense and time
consuming (3-7 days) work as well as not being readily
amenable to automatization [19].

Alternatively, pseudotype-based neutralization assays
represent an improvement towards VNT with the advantage
of being able to work at a lower containment level (BSL-
2), in which case infectivity can be measured by marker
gene expression using ELISA plate readers. However, they
still require 1-2 days, skilled operators, and are affected by
variations between laboratories and different preparations
of viral pseudotypes.

Many efforts have been made to develop other meth-
ods to test sera for the presence of neutralizing antibodies
that are more practical, simple, and at the same time, reli-
able.

These are commercial assays that detect SARS-Co V-
2-specific antibodies directed against the Spike Receptor
Binding Domain (S-RBD) protein and are capable of detect-
ing antibodies showing neutralizing activity [20,21]. This
year, several surrogate Virus Neutralization Tests (sVNTs)
have appeared on the market that, based on the manufactur-
ers’ description, claim excellent correlation with the neu-
tralizing titer.

Neutralizing antibodies, in most cases act by interact-
ing with the binding between the S-RBD protein on the viral
surface and its receptor, the angiotensin-2 converting en-
zyme (ACE-2) receptor, expressed on the target cell. Neu-
tralizing antibodies can block virus entry and infection in

the host cell through interaction with S-RBD [22,23]. This
mechanism of virus entry inhibition into the target cell re-
duces viral replication and consequently viral load. Indeed,
the appearance of neutralizing antibodies correlates with
host immunity and protects, at least temporarily, against
future reinfection [24,25]. Recent studies have shown that
the level of neutralizing antibodies can vary markedly be-
tween patients with severe and mild-to-moderate symptoms
[26,27].

However, there are no current data available regarding
the titer of neutralizing antibodies providing patients pro-
tection from reinfection or from disease. Whilst the mech-
anism of protection certainly involves cellular immunity,
there are supporting data which suggest neutralizing anti-
bodies may be a correlate of protection [24,27,28].

To increase comparability of the results of serologic
tests detecting neutralizing antibodies to support the iden-
tification of a possible protective correlate, it is crucial
that all tests are calibrated and developed using a well-
characterized and globally traceable reference standard.
In this regard, an International Standard (IS) contain-
ing a known amount of anti-SARS-CoV-2 immunoglobu-
lins with well-characterized neutralizing activity was made
available by the WHO in December 2020 with the aim of
allowing the accurate calibration of assays to the Interna-
tional Unit (IU) for neutralising antibodies or Binding Anti-
body Units (BAU) for binding antibodies, thereby reducing
interlaboratory variation and creating a common language
for reporting data [29]. In light of these premises, compar-
ative performance data and proper validation are essential
to guide the appropriate use of serology in COVID-19 di-
agnostics [13].

Our principal aim was to compare four different as-
say systems to determine in vitro SARS-CoV-2 neutralizing
antibody concentrations and correlating the antibody lev-
els with the gold standard VNT. Finally, we investigated
whether the sVNTs performances were closer to the gold
standard, comparing them with the traditional anti-SARS-
CoV-2 S-RBD or S1 based antibody assays.

2. Materials and methods

Eighty-eight consecutive serum samples (F:M ratio
1.4:1, mean age = 57.0 £ 14.0 years) screened for anti-
S protein antibodies at the Clinical Chemistry Laboratory
of “Tor Vergata” University Hospital (Rome, Italy), were
tested using four different commercial sVNTs for anti-
SARS-CoV-2 IgG/IgA/IgM neutralizing antibodies and
with the current gold standard live VNT. Our study co-
hort reasonably consisted of a mixed population (vacci-
nated subjects, recovered patients from COVID-19, and
healthy individuals) and no longitudinal samples were in-
cluded. Clinical data were obtained by retrospective med-
ical records reviewed only for patients with discordant re-
sults between VNT and sVNTs assays. Table 1 illustrates
the main features of each serological assay related to its
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Table 1. Characteristics of sVNTSs.

Manufacturer Kit assay Method Cut-off Conversion factor Dynamic range Assay principle

Neutralizing antibody in the sample competes
SARS-CoV-2 ith ACE2-ALP conjugate for binding sites of

Mindray ° CLIA 10 AU/mL | AU = 3.6547 IU/mL 2 AU/mL to 400 AU/mL W Jugate for binding
Neutralizing Antibodies SARS-CoV-2 S-RBD immobilized in the para-

magnetic microparticles

Neutralizing antibody in the sample competes

Maglumi SARS-CoV-2 with recombinant SARS-CoV-2 S-RBD antigen
Snibe et o CLIA 0.05 pg/mL | pg/mL =405 IU/mL  0.050-30 pg/mL _ - ©
Neutralizing Antibody labeled with ABEI for binding ACE2 antigen
immobilized on magnetic microbeads
% IH <20: negative Neutralizing antibody in the sample competes
. >20% IH <35: borderline with the receptor biotinylated ACE2 (sample bu-
Euroimmun  SARS-CoV-2 NeutralISA ELISA . n.a. % IH 0-100 Lo .
% IH >35: positive ffer) for the binding sites of the SARS-CoV-2 S1
/RBD proteins immobilized on the plate
Neutralizing antibody in the sample competes
Ch SARS-CoV-2 with the peroxidase-conjugated SARS-CoV-2
Diesse orus ? ELISA <20 BAU/ML na. 20-1500 BAU/mL | e peroXidasereonjus o
“Neutralizing” Ab anti-S1 therapeutic monoclonal antibodies to

bind S1 subunit fixed on the solid phase support

ABEI, N-(aminobutyl)-N-(ethylisoluminol); ALP, alkaline phosphatase; CLIA, chemiluminescence immunoassay; ELISA, enzyme-linked immunosorbent assay; IH, percentage of inhibition;

n.a., not available.
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method, declared cut-off, conversion factor, dynamic range
and assay principle, according to the manufacturer’s in-
structions. The linear dynamic ranges have been extended,
conforming to the manufacturers’ instructions. Addition-
ally, the sera were also tested using eight different commer-
cial kits for anti-SARS-CoV-2 IgG or total antibodies (tAb)
detection, S-RBD or S1 based (Supplementary File 1).

2.1 Maglumi SARS-CoV-2 Neutralizing Antibody

The “Maglumi SARS-CoV-2 Neutralizing antibody”
assay (Snibe Diagnostic, Shenzhen, China) for the detection
of anti-SARS-CoV-2 IgG/IgA/IgM neutralizing antibodies
was performed on the fully automated Maglumi analytical
system (Snibe Diagnostic, Shenzhen, China). This assay is
based on the competition between neutralizing antibodies
and S-RBD antigens for the binding to ACE2. The linear-
ity range is 0.050-30 pug/mL, cut-off value is 0.05 pg/mL.
As declared by the manufacturer, the conversion factor to
transform pg/mL in IU/mL is 405 and analytical sensitivity
and specificity are both 100%.

2.2 SARS-CoV-2 Neutralizing Antibody

The “SARS-CoV-2 Neutralizing Antibody” chemilu-
minescent assay (Mindray Medical, Shenzhen, China) for
the detection of anti-SARS-CoV-2 neutralizing antibodies
was performed on the fully automated Mindray CL-1200i
analytical system (Mindray Medical, Shenzhen, China).
Neutralizing antibody in the sample competes with ACE2-
alkaline phosphatase conjugate for binding sites of SARS-
CoV-2 antigens. The linearity range is 2 AU/mL to 400
AU/mL, cut-off value is 10 AU/mL. As declared by the
manufacturer, the conversion factor to transform AU/mL
in IU/mL is 0.2734; sensitivity and specificity are 95.7%
and 99.9%, respectively.

2.3 SARS-CoV-2 NeutralISA

The “SARS-CoV-2 NeutraLISA” enzyme-linked im-
munosorbent assay (ELISA) (Euroimmun, Liibeck, Ger-
many) provides semiquantitative in vitro determination of
neutralizing anti-SARS-CoV-2 antibodies. The assay is
based on the competition between neutralizing antibodies
and S-RBD antigens for the binding to ACE2. Briefly, dur-
ing the first incubation, samples and controls are diluted
with a sample buffer containing biotinylated ACE2. If neu-
tralizing antibodies are present in the sample, they com-
pete with the ACE2 receptor for the binding sites of the
SARS-CoV-2 S1/RBD proteins. A second incubation step
is performed to detect the bound ACE2 by the addition of
peroxidase-labelled streptavidin, which catalyses a colour
reaction. The intensity of the products absorbance is in-
versely proportional to the concentration of neutralizing an-
tibodies in the sample.

The percentage of inhibition (% IH) is calculated with
the following formula: % IH = 100% — (Extinction of pa-
tient sample x 100%/Extinction of blank).

Results below 20% IH are considered negative; >20%
IH to <35% IH as borderline and >35% IH as positive.
Sensitivity and specificity are 95.9% and 99.7%, respec-
tively, as declared by the manufacturer.

2.4 Chorus SARS-CoV-2 “Neutralizing” Ab

The “Chorus SARS-CoV-2 “Neutralizing” Ab”
(Diesse Diagnostica Senese, Siena, Italy) for the quan-
titative determination of total anti-S1 SARS-CoV-2
neutralizing antibodies was performed on the automated
Chorus TRIO instrument (Diesse Diagnostica Senese,
Siena, Italy).

The detection method is based on the principle of
competitive testing using SARS-CoV-2 anti-S1 therapeutic
monoclonal antibodies.

The SARS-CoV-2 anti-S1 antibodies present in the
sample compete with a peroxidase-conjugated anti-S1 mon-
oclonal antibody to bind the Spike protein S1 subunit Re-
combinant Binding Domain (RBD) site fixed on the solid
phase support and available in limited numbers. The higher
the concentration of antibodies present in the patient’s
serum, the lower the possibility of binding peroxidase-
conjugated SARS-CoV-2 anti-S1 monoclonal antibody to
the fixed antigen.

The results are expressed in BAU/mL, as declared by
the manufacturer.

The samples are considered positive for values >50
BAU/mL; negative for values <20 BAU/mL and equivocal
for all the values between 20-50 BAU/mL. The linearity
range is 20—1500 BAU/mL. Samples >1500 BAU/mL can
be diluted as declared by the manufacturer.

2.5 Live virus neutralization test

The live virus neutralization test (VNT) is a special-
ized type of immunoassay to detect antibodies able to in-
hibit virus replication in vitro. The live VNT was performed
to establish the lower serum cut-off value to protect against
SARS-CoV-2 infection.

The neutralizing antibodies titer was determined using
the following 4 step-protocol: epithelial cell line VERO E6
culture, viral growth in cell culture and SARS-CoV-2 virus
titration and micro-neutralization assay with subsequent cy-
topathic effect (CPE)-read out.

2.5.1 Cell culture

Epithelial cell line VERO E6, derived from the kidney
of African green monkey Cercopithecus aethiops, was ac-
quired from the American Type Culture Collection (ATCC-
CRL 1586). Adherent sub-confluent VERO E6 cells mono-
layers were prepared in DMEM medium containing 10%
FBS.
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2.5.2 Viral growth in cell culture and SARS-CoV-2 virus
titration

SARS-CoV-2 virus 2019-nCov/Italy-INMI1-strain
(GISAID accession ID: EPI_ISL_412974) was purchased
from Lazzaro Spallanzani Institute (Rome, Italy) via the
European Virus Archive Global (EVAg).

The virus was propagated on VERO E6 using DMEM,
supplemented with 2% FBS, cells were daily observed, and
the virus was harvested until an 80-90% CPE was observed.
This viral preparation was titrated in serial 1 Log dilutions
to obtain a 50% tissue culture infective dose (TCID50)
on 96-well culture plates of VERO E6 cells. The end-
point titer was calculated according to the Reed & Muench
method based on eight replicates for each titration.

2.5.3 Micro-neutralization assay and CPE-read out

Sera were heat-inactivated for 30 minutes at 56 °C
and two-fold serial dilutions, from 1:10 to 1:1280 were per-
formed in duplicate in DMEM on 96-well culture plates.
Then sera dilutions were mixed with an equal volume of vi-
ral solution containing 100 TCID50 of SARS-CoV-2 virus
each well. The serum-virus mixture was incubated for 1
hour at 37 °C in a humidified atmosphere with 5% CO,. Af-
ter incubation, 100 L of each dilution mixture was added
in duplicate to a 24-hour hold cell plate containing a semi-
confluent VERO E6 monolayer. The plates were then incu-
bated for 3 days at 37 °C in a humidified atmosphere with
5% CO3 and analyzed with an inverted optical microscope.
The highest serum dilution able to protect more than 90% of
the cells from CPE was considered the neutralization titer.

2.6 Statistical analysis

Results were expressed as the mean value with Stan-
dard Deviation (SD) when data were normally distributed.
Otherwise, results were expressed as the median value with
range. The Student ¢-test and the correlation coefficient
(in the case of normally distributed data), the Wilcoxon’s
matched pairs #-test and the Spearman’s coefficient of rank
correlation (both in the case of non-normally distributed
data) were used when required. p values less than 0.05
were considered statistically significant. Statistical analy-
sis was performed using MedCalc Statistical Software ver-
sion 14.8.1 (MedCalc Software bvba, Ostend, Belgium;
http://www.medcalc.org; 2014).

3. Results

In this study, all samples have been tested with four
different commercial sVNTSs for anti-SARS-CoV-2 neutral-
izing antibodies detection and compared with the VNT titer.

In addition, a qualitative test was used to evaluate
the overall agreement rate between each sSVNT and VNT.
As shown in Table 2, a high agreement rate was demon-
strated for all tests, ranging from 95.45% (Euroimmun)
to 98.86% (Diesse, Mindray and Snibe). For each sVNT
overall agreement, it has been associated a 2 x 2 contin-
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gency table (Supplementary File 2) presenting the posi-
tive/negative number of samples for each serological as-
say compared to the True Positive (TP) and True Nega-
tive (TN) resulted by the gold standard (VNT). Further-
more, we assessed the overall agreement between eight tra-
ditional anti-SARS-CoV-2 antibody assays (S-RBD or S1
based) and VNT titers (Table 3). To this purpose, the VNT-
agreement rates between anti-SARS-CoV-2 antibody as-
says and sVNTs (Fig. 1) were compared. The scatter plot
graph shows that the sSVNT mean value (98.01 £ 1.705%)
was significantly higher than traditional anti-SARS-CoV-2
antibody assays (95.45 + 1.921%) with a p < 0.05 (inde-
pendent 7 test).
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Fig. 1. Overall agreement of eight traditional anti-SARS-

CoV-2 antibody assays (S-RBD or S1 based) vs sVNTs. The
sVNTs mean value (98.01 + 1.705%) was significantly higher
than anti-SARS-CoV-2 antibody assays (95.45 4+ 1.921%) with
ap < 0.05 (Independent T test).

Table 2. Overall agreement (%) between sVNTs and VNT.

sVNT %

Diesse sVNT 98.86
Mindray sVNT 98.86
Snibe sVNT 98.86

Euroimmun sVNT  95.45

In Table 4, the discordant results for each sVNT and
VNT assay were compared to the patients’ history: Euroim-
mun displayed four discordant cases; Diesse, Mindray and
Snibe only one case. The discordances were possible false
positive sSVNT results except one possible false negative
VNT case.
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Table 3. Overall agreement (%) between anti-SARS-CoV-2
antibody assays and VNT.

Anti-SARS-CoV-2 %

Mindray S RBD IgG 94.32
Roche S RBD tAb 97.73
Snibe S RBD IgG 96.59
DiaSorin Trimeric S IgG ~ 94.32
Thermo Fisher S1 IgG 93.18
Beckman S1 IgG 94.32
Euroimmun S1 IgG 96.59
Vircell VIRCLIA S11gG  93.18

All quantified sVNTSs results were graphically corre-
lated to VNT in Fig. 2. The dot plot graph illustrates on the
vertical axis the sVNT antibody values and on the horizon-
tal axis the neutralization titers, expressed as the reciprocal
of the serum dilution, showing an increase in VNT titers
correlated to the antibody concentrations. Spearman’s sta-
tistical analysis was used in order to find the correlation
of neutralizing antibodies levels versus VNT. The high-
est coefficient (r = 0.810) was obtained with Euroimmun
sVNT (%) (Fig. 2D) and the lowest (r = 0.666) with Min-
dray sVNT (IU/mL) (Fig. 2B). Diesse sVNT (BAU/mL)
achieved an r = 0.696 (Fig. 2A), while Maglumi sVNT
(IU/mL) achieved an r=0.779 (Fig. 2C). The statistical sig-
nificance level estimated was p < 0.001 in all data. Finally
we calculated the median value for all commercial assays at
1/160 VNT titer. Mindray, Maglumi and Diesse had similar
median values and not significantly different; 715.6 IU/mL,
726.6 IU/mL and 967.0 IU/mL respectively. Euroimmun
had a median value of 90.53%.

4. Discussion

After the first year of the COVID-19 outbreak, the role
of serology shifted its focus from the acute diagnostic strat-
egy of seroprevalence and protective herd immunity to (i)
controlling the pandemic, to (ii) the critical measurements
ofindividuals’ neutralizing antibody levels for vaccine clin-
ical trials, and finally (iii) research studies and disease pre-
vention.

Traditionally SARS-CoV-2 antibody assays detect the
isotypes of different antibodies and use different antigenic
proteins. However, since competition with ACE2 may re-
veal the presence of potential neutralizing antibodies for
RBD binding, recently various assays mainly based on the
ACE2-RBD competition have spread widely and are known
as sVNT.

Despite WHO efforts, only some of the commercial
kits available today use the IU suggested for the neutral-
ization assays. In fact, in our study only two out of the
four sVNTSs tested express their results as [U (Mindray and
Maglumi), one as a percentage of HI (Euroimmun) and
one as BAU/mL (Diesse). Also, VNT uses NTs instead of

IU. Conversely, the harmonization process for anti-SARS-
CoV-2 antibody assays has been achieved since most com-
mercial assays use BAU/mL. Since the minimal neutraliz-
ing antibody threshold of protection from infection is still
unknown, as is how long this protection might last after nat-
ural infection or vaccination, there is a great need for assays
profiling patient responses to infection, and to establish ac-
quired immunity against SARS-CoV-2 [30-32].

The sVNTs, given their high throughput nature and no
need for biosafety level 3 containment, make them acces-
sible to the wider community, enabling greater availability
for effective mass testing.

Our data confirm its potential routine use as a screen-
ing test of neutralizing antibodies in a diagnostic labora-
tory scenario, given the high percentage of agreement with
the gold standard test (95.45%—-98.86%) [10]. In addi-
tion, agreement between sVNT values and VNT was higher
than SARS-CoV-2 immunoassays agreement (98.01% vs
95.02%). Regarding the association between NTs and quan-
titative results, we observed a higher but not significant
Spearman coefficient (sSVNTs: r = 0.738 vs. SARS-CoV-
2 immunoassays: r = 0.711).

However, the moderate correlation observed suggests
that VNT cannot be replaced by the two examined assays
groups, with the purpose of assessing functional antibody
activity. Interestingly, the Euroimmun sVNT is the test
with the highest number of qualitative discrepancies but
with the strongest quantitative correlation, meaning the dif-
ferent aspects of the test. Our results are partially in agree-
ment with a recent study [10] which showed an average
correlation of 0.473, assessed by Spearman’s test, between
VNT and three different SARS-CoV-2 immunoassays. In
detail, the correlation assessed by Matusali et al. [10] was
lower compared to our results (0.473 vs. 0.724), possibly
due to the different population studied (COVID-19 patients’
sera vs routine sera) and to the assays examined. In fact, the
tests used in our study were all anti-SARS-CoV-2 antibody
assays S-RBD or S1 based, excluding nucleocapsid based
assays with a lower neutralizing capacity activity [10]. De-
spite great efforts in recent months to develop reliable as-
says, the VNT still remains the gold standard, given its in-
trinsic characteristics. Indeed, the sVNTs may reveal only
a portion of neutralizing antibodies and not measure the to-
tal neutralizing activity directed against epitopes outside the
RBD, such as the N-terminal domain of the S protein [33—
36].

Our correlation data between sVNT vs VNT show
significant Spearman coefficients, with a statistical signifi-
cance level p < 0.001 in all data, to confirm that high anti-
body concentrations correspond to high in vitro titer values,
showing the applicable correlation for use in practice. From
our data, it was shown that the best sVNT was Euroimmun
assays, nevertheless, the new family of serological “ACE2-
RBD competitive assays” are produced for fast and large-
scale rapid testing, where a medium-good agreement is suf-
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Table 4. Discordances between VNT and sVNTs.

VNT (titer) sVNT Patient’s history Comment
Euroimmun sVNT
1/160 Negative HCW, history of COVID-19 in 2020, unvaccinated false negative?
1/40 Negative HCW, history of COVID-19 in 2020, unvaccinated false negative?
1/40 Negative Patient in treatment with Certolizumab for reumatoid arthri- asymptomatic COVID-19?
tis, never had COVID19, unvaccinated, negative swab
1/20 Negative HCW, history of COVID-19 in 2020, unvaccinated false negative?
Diesse sVNT
1/40 Negative HCW, history of COVID-19 in 2020, unvaccinated false negative?
Mindray sVNT
<1/10 Positive HCW, hist.ory of COVID-19 in 2020, 1 vaccine dose given tr.ue positivle‘..’ .
15 days prior to the present blood test higher sensitivity of the
test compared to the VNT?
Snibe sVNT
1/160 Negative HCW, history of COVID-19 in 2020, two months since 2nd false negative?

dose of the vaccine to the present blood test

B

>

16001 r= 0,696 148007 1= 0,666
14004 p< 0,001 6] p< 0.001
— o —
3 8 8 3
E 1200+ g g 9 £ 14600 o
2 o 8 2
& 1000+ 5 o =
£ 800 o o 8 > 14400~
@ 600 % 6000 5 3
2 °© S
94004 £ 4000+ o
Q0 = o
fa} Q % o
200 o o) 2000 o A é
(¢] e} o § =
04 © 8 ol o o o o 8 B S
0 10 20 40 80 160 320 640 1280 0 10 20 40 80 160 320 640 1280
Neutralization titer Neutralization titer
C (reciprocal of serum diluition) (reciprocal of serum diluition)
56000 r=0,779 1009 r=0810 o g g g ©
p< 0,001 5 - p< 0,001 © o
55000 - T 80 8
= < o) o}
S 54000+ E  60- o
= 3
% 53000 =, o c )
% 20000+ 2 401 o
E o £
E 150001 g S
=) = 204 8
& 100004 o g o
= Q
5000 5 8 o
o 1
o] o o o 8 o 8 8 6 8 o
T T T T T T T T T T T T T T T T T T
0 10 20 40 80 160 320 640 1280 0 10 20 40 80 160 320 640 1280
Neutralization titer Neutralization titer
(reciprocal of serum diluition) (reciprocal of serum diluition)

Fig. 2. Four graphs of correlation between sVNTs and VNT: (A) Diesse sVNT (BAU/mL) with r = 0.696. (B) Mindray sVNT
(IU/mL) with r = 0.666. (C) Maglumi sVNT (IU/mL) with r = 0.779. (D) Euroimmun sVNT (% IH) with r = 0.819. Spearman’s
test was used for correlation analysis.
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ficient. Completely, they might help to provide a screening
program to reduce the high number of samples undergo-
ing VNT and thus, might be used as monitoring tools for
a proper administration of vaccination or for an individual
booster dose timing schedule.

Most evaluation studies have mainly compared sero-
logical assays with VNT results [37—43]. but, to the best
of our knowledge, there are no studies that have consid-
ered the two different assay families separately, anti-SARS-
CoV-2 antibody assays (S-RBD or S1 based) and sVNTs,
compared with each other and against the gold standard.

The main limitation of the study is the small number
of negative patients included due to the fact that we stud-
ied a routine population during the pandemic and the vacci-
nation campaign, consequently scarce of negative samples.
Therefore the bias resulting by a higher number of negative
samples might alter the overall agreement. A second lim-
itation of this study was that we did not use the Genscript
(cPass) [44] as the sVNT reference method. Indeed, cPass
is widely accepted as a reference in the literature and it is
fully approved by the FDA. Unfortunately, at this stage it
was not possible to perform further comparisons.

Finally, we calculated the median value for all com-
mercial assays at 1/160 VNT titer. Mindray, Maglumi and
Diesse had similar median values while Euroimmun could
not be compared because it has a percentage unit of mea-
surement. However, all tests show that as the concentration
of serum antibodies increases, so does the VNT titer.

However, the strength of our work is that it is a so-
called “real-life” research study typically designed to better
reflect aspects of routine care.

Starting from these premises, our comparison study
aims to contribute to the refinement of anti-SARS-CoV-2
antibody testing strategies for public health use.

Further studies on larger sample numbers are required
to better understand the strengths and limitations of com-
mercially available serological assays and for the flow chart
optimization of COVID-19 serological tests, including both
families of tests at different levels.

5. Conclusions

Serological studies are an aid to questions about
the duration of immune protection and vaccine effective-
ness. Although VNT still remains the gold standard, given
the good agreement between VNT and sVNT, sVNT has
proved to be a potential valuable tool for screening larger
populations, due to shorter response times, lower costs, and
good performance. In the next future sVNT could be used
to personalize decision on vaccination shedule or disease
therapy.
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