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Abstract

The information provided by SARS‐CoV‐2 spike (S)‐targeting immunoassays can be

instrumental in clinical‐decision making. We compared the performance of the

Elecsys® Anti‐SARS‐CoV‐2 S assay (Roche Diagnostics) and the LIAISON® SARS‐

CoV‐2 TrimericS IgG assay (DiaSorin) using a total of 1176 sera from 797 individuals,

of which 286 were from vaccinated‐SARS‐CoV‐2/experienced (Vac‐Ex), 581 from

vaccinated/naïve (Vac‐N), 147 from unvaccinated/experienced (Unvac‐Ex), and 162

from unvaccinated/naïve (Unvac‐N) individuals. The Roche assay returned a higher

number of positive results (907 vs. 790; p = 0.45; overall sensitivity: 89.3% vs.

77.6%). The concordance between results provided by the two immunoassays was

higher for sera from Vac‐N (ϰ: 0.58; interquartile ranges [IQR]: 0.50−0.65) than for

sera from Vac‐Ex (ϰ: 0.19; IQR: −0.14 to 0.52) or Unvac‐Ex (ϰ: 0.18; IQR: 0.06−0.30).

Discordant results occurred more frequently among sera from Unvac‐Ex (34.7%)

followed by Vac‐N (14.6%) and Vac‐Ex (2.7%). Antibody levels quantified by both

immunoassays were not significantly different when <250 (p = 0.87) or <1000 BAU/

ml (p = 0.13); in contrast, for sera ≥1000 BAU/ml, the Roche assay returned

significantly higher values than the DiaSorin assay (p < 0.008). Neutralizing antibody

titers (NtAb) were measured in 127 sera from Vac‐Ex or Vac‐N using a S‐

pseudotyped virus neutralization assay of Wuhan‐Hu‐1, Omicron BA.1, and Omicron

BA.2. The correlation between antibody levels and NtAb titers was higher for sera

from Vac‐N than those from Vac‐Ex, irrespective of the (sub)variant considered. In

conclusion, neither qualitative nor quantitative results returned by both immunoas-

says are interchangeable. The performance of both assays was found to be greatly

influenced by the vaccination and SARS‐CoV‐2 infection status of individuals.
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1 | INTRODUCTION

Extensive evidence supports a major role of antibodies binding the

spike (S) protein of SARS‐CoV‐2 in providing protection against

acquisition of infection and development of COVID‐19, in particular

those displaying virus‐neutralizing activity elicited following vaccina-

tion or after natural infection1–6; nevertheless, elucidation of

antibody thresholds conferring protection remains elusive. Detection

and quantitative estimation of S‐binding antibodies are pivotal for

assessment of immune status against SARS‐CoV‐2, due to their

potential use to gauge the need to administer booster vaccine dose

or S‐specific monoclonal antibodies on a preexposure basis at the

individual level in highly vulnerable populations such as immunosup-

pressed patients.7,8 Numerous immunoassays permitting quantitative

assessment of SARS‐CoV‐2‐S binding antibodies have been mar-

keted, with potential differences in the analytical design, perform-

ance characteristics, immunoglobulin class measured, and the nature

of SARS‐CoV‐2 antigen to which target antibodies are directed (i.e.,

receptor binding domain [RBD]—the S protein in its trimeric

conformation, or the S1 or S2 subunits).9 As a result, immunoassays

may return discordant qualitative or quantitative results,10–18 the

latter despite calibration to the first WHO SARS‐CoV‐2 antibody

international standard.19 Moreover, the correlation between anti-

body levels quantitated by S‐targeting antibody assays and virus

neutralizing antibody titers (NtAb) may differ notably across

immunoassays.20–22 Against this background, using a large panel of

sera we carried out a head‐to‐head comparison study assessing the

performance of two widely used (electro)chemiluminescence im-

munoassays: the Elecsys® Anti‐SARS‐CoV‐2 S assay (Roche Diag-

nostics), which quantifies total antibodies against the RBD domain on

the S protein, and the LIAISON® SARS‐CoV‐2 TrimericS IgG assay

(DiaSorin S.p.A), which measures IgG against the S protein on its

trimeric conformation according to the vaccination and SARS‐CoV‐2

infection status of participants.

2 | MATERIALS AND METHODS

2.1 | Sera and participants

This retrospective study included 1176 consecutive sera from 797

individuals (median age: 58 years; range: 1–100; 428 female/369

male), collected between January 2021 and April 2022. Serological

determinations were performed upon physician or public health

authority request. History of past SARS‐CoV‐2 infection was

established after examination of the Valencian Community Micro-

biology registry (RedMiVa). Vaccination status of participants was

obtained from the Valencian Community Vaccination Registry.

According to their vaccination and SARS‐CoV‐2 infection status at

the time of testing, participants were grouped into the following

categories: (i) vaccinated/SARS‐CoV‐2‐experienced (Vac‐Ex); that is,

patients who had completed a full vaccination schedule and had a

record of a positive active infection diagnostic test (AIDT) result and/

or serological evidence of past infection (presence of SARS‐CoV‐2‐

Nucleocapsid [N] IgG); (ii) vaccinated/SARS‐CoV‐2‐naïve (Vac‐N), in

whom no record or serological evidence of previous SARS‐CoV‐2

infection was available; (iii) non‐vaccinated/SARS‐CoV‐2‐experienced

(Unvac‐Ex); (iv) non‐vaccinated/SARS‐CoV‐2‐naïve (Unvac‐N). The

study was approved by the INCLIVA Research Ethics Committee

(December, 2020), and informed consent was waived due to its

retrospective nature.

2.2 | SARS‐CoV‐2‐S‐targeting (electro)
chemiluminescence immunoassays

The Roche Elecsys® anti‐SARS‐CoV‐2 S is an electrochemilumines-

cence sandwich immunoassay (ECLIA) that detects total antibodies

(IgG/IgM/IgA) directed against the RBD of the S protein. According

to the manufacturer's the quantification range is between 0.4 and

25 000 BAU/ml (1/100 dilution) and 0.8 BAU/ml is used as a cut‐off

for positivity. The assay is linear up to 50 000 BAU/ml (1/200

dilution). The LIAISON® SARS‐CoV‐2 TrimericS IgG assay (DiaSorin

S.p.A) is a chemiluminescence assay that detects IgG against the S

protein on its trimeric conformation. The quantification range

is between 4.81 and 2080 BAU/ml, and the cut‐off for positivity is

33.8 BAU/ml. According to the manufacturer's, the assay keeps

linearity up to 41 600 BAU/ml (1/20 dilution). Specimens were

assayed at the Microbiology Service of the Hospital Clínico

Universitario of Valencia in singlets within 24 h of collection. Sera

were kept at 4°C until testing.

2.3 | Virus neutralization assay

NtAb targeting the S protein were measured using a Green

Fluorescent protein‐expressing vesicular stomatitis virus pseudo-

typed with the Wuhan‐Hu‐1 variant, and Omicron BA.1 and BA.2

sublineages, following a previously published protocol,23,24 with

several modifications (Supporting Information material). Sera result-

ing in less than 50% neutralization at the lowest dilution tested were

arbitrarily ascribed a reciprocal antibody titer of 10 (the limit of

detection of the assay). Cryopreserved (−70°C) sera were retrieved

for virus neutralization assays, which were carried out at the Institute
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for Integrative Systems Biology (I2SysBio), Universitat de

Valencia‐CSIC.

2.4 | Statistical analysis

Continuous variables are reported in medians and interquartile

ranges (IQR). Medians were compared by the Mann−Whitney U

test or Kruskal−Wallis test, for two or more unpaired samples and

the Wilcoxon rank test for paired data, as appropriate. Frequency

comparison across groups was performed using Fisher's exact

test. Cohen's kappa and Spearman's rank correlations were

applied to evaluate between‐assay agreement; correlation

coefficient interpretation was as previously suggested.25 Fisher‐

Z‐transformation of ρvalues was conducted to statistical compar-

ison.26 Being a the number of specimens returning positive

results by both comparison tests, b and c the number of

specimens retrieving discordant (positive/negative) results by

either method and d, the number of specimens testing negative

by both tests, the positive percent agreement (PPA) was defined

by [a/a + b] x 100 and the negative percent agreement by [d/

c + d] x 100. When deemed appropriate, the term sensitivity was

used referring to the rate of detection of antibodies in Vac‐Ex,

Vac‐N, and Unvac‐Ex. The specificity of the respective assay was

calculated taking into account sera from Unvac‐N individuals. The

Bland−Altman test was used to evaluate mean differences of

values measured by the two immunoassays. Receiver operating

characteristic (ROC) curves were built to assess the sensitivity

and specificity for every possible cut‐off value of a given

immunoassay predicting NtAb detectability (≥10 reciprocal

IC50). Two‐sided exact p values were reported. A p < 0.05 was

considered statistically significant. The analyses and graphs were

performed using SPSS version 20.0 (SPSS) and GraphPad Soft-

ware Inc. v6.0, respectively.

3 | RESULTS

A total of 1176 sera from 797 individuals were included in the study,

of which 286 sera were collected from 204 Vac‐Ex, 581 from 316

Vac‐N, 147 from 134 Unvac‐Ex, and 162 from 143 Unvac‐N. Of

relevance, a record of a positive active infection diagnostic test

(Valencian Community RedMiva Registry) was available from 232

individuals. According to the dominance of SARS‐CoV‐2 variants in

the Valencian Community at the time of diagnosis, the ancestral,

Alpha, Delta, and Omicron variant were allegedly responsible of 13,

114, 100, and 6 cases, respectively. Median time since diagnosis to

sample collection was 120 days (IQR: 30−320 days). Note that in

vaccinated participants, time elapsed since receipt of last vaccine

dose to collection of sera was a median of 51 days (IQR: 19.3−103.8)

for SARS‐CoV‐2‐naïve, and a median of 98 days (IQR: 30.3−180.3)

for SARS‐CoV‐2‐experienced. For those with a record of a positive

AIDT, the time from diagnosis to serum testing was a median of

172.5 (IQR: 18.3−281.8) and 29 days (IQR: 6.3−110.5) in vaccinated

and non‐vaccinated individuals, respectively.

3.1 | Qualitative agreement between
immunoassays

Overall, a larger number of sera returned positive results by the

Roche assay compared to the DiaSorin assay (907 vs. 790; p = 0.45; ϰ:

0.69; 95% CI: 0.71−0.84), this translating into a higher overall

sensitivity for detection of previous exposure or vaccination was

higher for the Roche assay (89.3% vs. 77.6%). This was consistent

across all study groups, except for the Unvac‐N, but only reached

statistical significance for sera from Unvac‐Ex individuals (p ≤ 0.001;

Table 1). Nonetheless, concordance between results provided by the

two immunoassays differed across groups, being higher for sera from

Vac‐N (ϰ: 0.58; IQR: 0.50−0.65) than for sera from Vac‐Ex (ϰ: 0.19;

IQR: −0.14 to 0.52) or Unvac‐Ex (ϰ: 0.18; IQR: 0.06−0.30). The rate of

discordant results, in most cases anti‐RBD positive/anti‐S‐trimeric

negative, was higher among sera from Unvac‐Ex (34.7%) followed by

Vac‐N (14.6%) and Vac‐Ex (2.7%) (Table 1 and Figure 1). The

specificity of both assays was calculated only considering sera from

Unvac‐N individuals, and was found to be 98.8% for the Roche assay

and 98.1% for the DiaSorin assay. Interestingly, the overall sensitivity

of the DiaSorin assay may increase by 11% (88.9%) by lowering the

antibody threshold for positivity from 33.8 (as recommended by the

manufacturer) to 4.9 BAU/ml without a major decrease in specificity

(from 98.1% to 95.1%).

3.2 | Quantitative agreement between
immunoassays

Of the 774 sera testing positive by both serological tests, 469

returned antibody levels falling between the quantitative range of

both immunoassays and were included in the analysis detailed

below. The remaining 305 sera yielded antibody levels that could

not be fully quantified by the DiaSorin immunoassay (n = 262) or

the Roche immunoassay (n = 208), and were excluded from the

analyses. Overall, antibody levels measured by the two immu-

noassays did not differ significantly (Table 2); nevertheless, a

trend toward higher BAU/ml values measured by Roche assay for

sera from Vac‐Ex was noticed; on the contrary, a trend

toward higher BAU/ml measured by the DiaSorin assay was

observed for sera from Vac‐N and Unvac‐Ex. The overall

correlation between antibody levels quantified by both immu-

noassays was strong (ρ = 0.82; 95% CI: 0.78−0.84; p < 0.001), and

remained strong for sera from Vac‐Ex (ρ: 0.84; 95%

CI: 0.82−0.92; p < 0.001) and Vac‐N (ρ: 0.80; 95%

CI: 0.78−0.84; p < 0.001), but was only moderate for sera from

Unvac‐Ex (ρ: 0.66; 95% CI: 0.49−0.78; p < 0.001), this difference
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reaching statistical (p = 0.0048). To compare quantitative results

yielded by the two immunoassays across different antibody

concentration ranges, we arbitrarily grouped sera into four

categories based on the DiaSorin immunoassay results: <250,

250−1000, 1001−2080, and >2080 BAU/ml. As shown in Table 3,

antibody levels quantified by both immunoassays were not

significantly different when <1000 BAU/ml; in contrast, for sera

≥1000 BAU/ml, the Roche assay returned significantly higher

values; this was irrespective of the vaccination and SARS‐CoV‐2

infection status of participants (not shown). The Bland−Altman

plot depicted in Figure 2 shows the impact of antibody

concentration on the level of discordance between quantitative

values measured by the two immunoassays (A, all sera; B, sera

with <1000 BAU/ml; C, sera with ≥1000 BAU/ml, as quantitated

by the DiaSorin assay).

3.3 | Correlation between antibody levels
measured by the two immunoassays and NtAb

A total of 127 sera randomly chosen among those returning

positive results by both the Roche and DiaSorin assays were

evaluated for their ability to neutralize vesicular stomatitis virus

(VSV) pseudotyped with different S genotypes (Wuhan‐Hu‐1/

Omicron BA.1 and BA.2). These sera had been collected from

fully vaccinated individuals (median age: 62 years; IQR: 44−82; 62

TABLE 1 Qualitative results returned by Roche and DiaSorin immunoassays according to vaccination and SARS‐CoV‐2 infection status of
participants

Parameter

Study group
Vaccinated/SARS‐CoV‐2
experienced (n = 286)

Vaccinated/SARS‐CoV‐2
naïve (n = 581)

Unvaccinated/SARS‐CoV‐2
experienced (n = 147)

Unvaccinated/SARS‐CoV‐2
naïve (n = 162)

Detectable anti‐RBD total antibodies (%) 284 (99.3) 487 (83.8) 134 (91.2) 2 (1.2)

Detectable anti‐S‐trimeric IgG (%) 278 (97.2) 422 (72.6) 87 (59.2) 3 (1.9)

p Valuea 0.62 0.058 <0.001 1.00

Kappa index (95% CI) 0.19 (−0.14 to 0.52) 0.58 (0.50−0.65) 0.18 (0.06−0.30) ‐

Positive percent agreement (PPA) 97.0 83.0 63.0 ‐

Negative percent agreement (NPA) 11.0 50.0 18.0 97.0

Discordant results

Anti‐RBD total antibodies positive/anti‐S‐
trimeric IgG negative (%)

7 (2.4) 75 (12.9) 49 (33.3) 2 (1.2)

Anti‐RBD total antibodies negative/anti‐s‐
trimeric IgG positive (%)

1 (0.3) 10 (1.7) 2 (1.4) 3 (1.9)

Abbreviations: RBD, receptor binding domain; S, SARS‐CoV‐2 spike protein.
aFrequency comparison across groups (detectable anti‐RBD total antibodies vs. detectable anti‐S‐trimeric IgG) was performed using Fisher's exact test or

χ2 test, as appropriate.

F IGURE 1 Antibody levels (in BAU/ml) measured by the Roche Elecsys® anti‐SARS‐CoV‐2 S and LIAISON® SARS‐CoV‐2 TrimericS IgG assays in
sera from individuals displaying different vaccination and SARS‐CoV‐2 infection status. The threshold for positivity of both assays are shown.
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male/65 female) who were either SARS‐CoV‐2 naïve (n = 88) or

experienced (n = 39) at the time of testing. The rate of sera

displaying detectable NtAb was higher against Wuhan‐Hu‐1

(89%) than against Omicron BA.1 (56%) or BA.2 (70%; Table 4).

Overall, NtAb titers were highest for Wuhan‐Hu‐1 followed for

Omicron BA.1 and Omicron BA.2. Striking differences were noted

across Vac‐Ex and Vac‐N; a higher rate of sera with detectable

NtAb and higher NtAb titers against Wuhan‐Hu‐1 and Omicron

BA.1 was observed in Vac‐Ex compared to Vac‐N (p < 0.001 for

both comparisons); on the contrary, the rate of detectable NtAb

against Omicron BA.2 were higher in Vac‐N as compared to Vac‐

Ex (p = 0.015) although antibody levels were comparable in both

groups (p = 0.92) (Table 4). Overall, correlation between antibody

levels measured by the Roche and DiaSorin immunoassays with

NtAb titers was moderate for those against Wuhan‐Hu‐1 and

Omicron BA.1, but weak for those targeting BA.2 (Table 5).

Strikingly, no correlation at all was observed between antibody

levels measured by either immunoassay and NtAb against

Omicron BA.2 (Table 5). Correlation between NtAb against all

(sub)variants was always higher for sera from Vac‐N compared to

those from Vac‐Ex, irrespective of the immunoassay used; yet,

the differences reached statistical significance for NtAb against

Wuhan‐Hu‐1 and Omicron BA.2, but not for those against BA.1

(Supporting Information: Table 1). By building ROC curves, we

next determined the antibody level thresholds as measured by

the immunoassays that would optimally (maximum combined

sensitivity and specificity) predict detection of NtAb against the

different (sub)variants. As shown in Table 6, irrespective of

whether sera were run on the Roche or DiaSorin platform, overall

antibody cut‐offs associated with NtAb detectability were lowest

for Wuhan‐Hu‐1 and highest (and less accurate) for Omicron

BA.2. Nevertheless, lower antibody levels as measured by the

Roche immunoassay compared to those quantified by the

DiaSorin immunoassay were associated with detection of NtAb

against Wuhan‐Hu‐1 (1.9‐fold); On the contrary, higher antibody

levels as measured by the Roche immunoassay compared to those

quantified by the DiaSorin immunoassay were associated with

detection of NtAb against Omicron BA.1 and BA.2 (2.8‐fold). A

similar analysis using only sera from Vac‐N yielded similar results

(Table 7).

TABLE 2 Quantitative results returned by Roche and DiaSorin immunoassays according to vaccination and SARS‐CoV‐2 infection status of
participants

Parameter
Vaccinated/SARS‐CoV‐2
experienced (n = 94)

Vaccinated/SARS‐CoV‐2
naïve (n = 305)

Unvaccinated/SARS‐CoV‐2
experienced (n = 70)

Anti‐RBD total antibodies levels (BAU/ml) 1868 (213.8−13 313) 429.6 (122.6−1441) 135.4 (53.7−530.2)

Anti‐S‐trimeric IgG (BAU/ml) 1170 (366.4−2690) 495 (180−1241) 226.5 (80.63–586.3)

p Value for comparison of mediansa 0.09 0.55 0.09

Correlation between anti‐RBD total antibodies levels
and anti‐S‐trimeric IgG (Rho value/p value)b

0.88/<0.001 0.80/<0.001 0.66/<0.001

Abbreviations: RBD, receptor binding domain; S, SARS‐CoV‐2 spike protein.
aMann−Whitney U test.
bSpearman's correlation test.

TABLE 3 Quantitative results returned by the Roche and DiaSorin immunoassays according to antibody concentration

Parameter
Anti‐S‐trimeric IgG quantitative results
<250 BAU/ml (n = 153) 250−1000 BAU/ml (n = 159) 1001−2080 BAU/ml (n = 94) >2080 BAU/ml (n = 63)

Anti‐RBD total antibodies in
BAU/ml. Median (IQR)

88.45 (25.09–172.7) 467.9 (206.4–1090) 1756 (719–3775) 23 476 (13 940–39 904)

Anti‐S‐trimeric IgG in BAU/
ml. Median (IQR)

97.10 (51.25–170.5) 534 (368–686) 1405 (1208–1733) 5490 (3520–9790)

p Value for comparison of
mediansa

0.87 0.13 0.007 <0.001

Correlation between anti‐
RBD total antibodies
levels and anti‐S‐trimeric
IgG (Rho value/p value)b

0.42/<0.001 0.34/<0.001 0.18/0.07 0.78/<0.001

Abbreviations: BAU, binding antibody units; IQR, interquartile range; RBD, receptor binding domain; S, SARS‐CoV‐2 spike protein.
aWilcoxon signed rank test.
bSpearman's correlation test.
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4 | DISCUSSION

To date, international agency (i.e., FDA or ECDC) approval of

quantitative SARS‐CoV‐2‐S‐targeting immunoassays extends to use

for research purposes, evaluation of vaccine immunogenicity in

clinical trials, and seroprevalence studies. Beyond their use for these

purposes, immunoassays may be instrumental for clinical‐decision

making at the individual level in the near future. For example, the

European Conference on Infections in Leukemia recommends

(ungraded) that oncohematological patients who have been vacci-

nated before or during hematological treatment should be assessed

6 months after the end of treatment and revaccinated if they have

low antibody titers, although no specific definition of low antibody

titers is provided. In this regard, a threshold of around 250 BAU/ml

has been suggested as discriminating between those exhibiting

(above) or not (below) reasonable protection against symptomatic

disease (at least disease caused by the ancestral variant), in both

patients with hematological disorders27 and the general popula-

tion.6,28 Likewise, the Spanish Agency of Medicines and Medical

Devices currently recommends Evusheld infusion for highly vulnera-

ble individuals, preferentially when SARS‐CoV‐2 seronegativity or

low anti‐S antibody levels (<260 BAU/ml) are documented.7 In this

context, head‐to‐head analytical and clinical performance comparison

of commercially available S‐specific quantitative immunoassays is of

key importance, even when these tests detect different antibody

isotypes or incorporate different antigenic targets. Here, two widely

used assays, the Roche anti‐RBD total antibody and the DiaSorin S‐

trimeric IgG assay, were compared by parallel testing a large number

of sera from individuals with different vaccination and SARS‐CoV‐2

infection status. We also investigated the correlation of antibody

levels quantitated by the two immunoassays with NtAb titers; these

were measured using a S‐pseudotyped virus neutralization assay of

three different S genotypes: the ancestral variant present in approved

vaccines, and the Omicron BA.1 and BA.2 S belonging to subvariants

either dominant or rapidly expanding, respectively, in our setting at

the time of study design.

From a qualitative standpoint, both assays correlated reasonably

well (ϰ index: 0.68); nevertheless, the Roche assay returned a higher

number of positive results than the DiaSorin assay, thus exhibiting a

higher overall sensitivity for detection of previous virus exposure,

vaccination or both. Interestingly, PPA was higher for sera from Vac‐

Ex (0.97) or Vac‐N (0.83) than for sera from Unvac‐Ex (0.63).

Differences in the array of epitopes within the S protein eliciting

F IGURE 2 Bland–Altman plot for the Roche Elecsys® anti‐SARS‐
CoV‐2 S and LIAISON® SARS‐CoV‐2 TrimericS IgG assays for all sera
included in the panel (A), or sera returning <1000 BAU/ml (B) or
≥1000 BAU/ml, as measured by the LIAISON® SARS‐CoV‐2
TrimericS IgG assay. Plots show bias in log10 BAU/ml.

TABLE 4 Neutralizing antibody titers against SARS.COV‐2 (sub)
variants in sera testing positive by both the Roche and Diasorin
immunoassays collected from vaccinated individuals

SARS‐CoV‐2 (sub)
variant

No of sera testing positive (%)a/median NtAb
titer (IQR)

SARS‐CoV‐2 naïve
SARS‐CoV‐2
experienced

Wuhan‐Hu‐1 74 (84)/445
(124–1724)

39 (100)/2122
(585–7578)

Omicron BA.1 39 (44)/20 (20–92) 32 (82)/276 (20–798)

Omicron BA.2 38 (76)/107

(25–566)
20 (60)/60 (25–505)

Abbreviation: NtAb, neutralizing antibodies.
aA total of 127 were assayed for quantitation of NtAb against Wuhan‐Hu‐
1 and Omicron BA.1. A total of 83 sera were assayed for NtAb against

Omicron BA.2.
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stronger antibody responses following vaccination or natural infec-

tion may account for our observation.29,30 Moreover, the fact that

Unvac‐Ex and Vac‐Ex differed critically in the timeframe of virus

exposure in subjects (median of 29 days for Unvac‐Ex vs. 172.5 days

for VacEx) may also have impacted on the results, due to the

potentially varying kinetics of antibody decay over time across

different antibody specificities. Notably, qualitative agreement

between immunoassays was highest in sera from Vac‐N

(ϰ index: 0.58). By only considering sera from Unvac‐N individuals,

we found the specificity of both assays to be comparable (98.8% for

the Roche assay and 98.1% for the DiaSorin assay). Importantly, the

difference in the overall sensitivity between the two immunoassays

may be substantially narrowed by lowering the DiaSorin assay cut‐off

for positive results from 33.8 to 4.9 BAU/ml, without significantly

TABLE 5 Correlation between quantitative values returned by the Roche and the DiaSorin (electro)chemiluminescent immunoassays and
neutralizing antibody titers against several SARS‐CoV‐2 (sub)variants in vaccinated individuals according to their SARS‐CoV‐2 infection status

SARS‐CoV‐2 (sub)
varianta

Rho value [95% CI] (p value) for the correlation between the Roche/DiaSorin immunoassays and NtAb titers
All participants SARS‐CoV‐2 ‐naïve SARS‐CoV‐2‐experienced

Wuhan‐Hu‐1 0.69 [0.58−0.77] (<0.001)/0.71
[0.61−0.79] (<0.001)

0.71 [0.60−0.81] (<0.001)/0.75
[0.64−0.83](<0.001)

0.40 [0.09−0.64] (<0.001)/0.37
[0.06−0.62] (<0.001)

Omicron BA.1 0.64 [0.52−0.73] (<0.001)/0.67
[0.55−0.75](<0.001)

0.61 [0.46−0.73] (<0.001)/0.60
[0.45−0.73] (<0.001)

0.52 [0.24−0.72] (<0.001)/0.59
[0.33−0.77] (<0.001)

Omicron BA.2 0.30 [0.08−0.49] (<0.001)/0.24
[0.02−0.44] (<0.001)

0.52 [0.27−0.70] (<0.001)/0.49
[0.02−0.68] (<0.001)

−0.05 [(−0.34 to 0.31] (0.78)/
−0.15 [−0.48 to 0.21] (0.4)

Abbreviation: NtAb, neutralizing antibodies.
aA total of 127 were assayed for quantitation of NtAb against Wuhan‐Hu‐1 and Omicron BA.1. A total of 83 sera were assayed for NtAb against
Omicron BA.2.

TABLE 6 Antibody level thresholds as measured by the Roche and DiaSorin immunoassays predicting detectability of spike‐binding
neutralizing antibodies according to SARS‐CoV‐2 (sub)variant

Immunoassay SARS‐CoV‐2 (sub)varianta Antibody threshold (BAU/ml) Sensitivity (%) Specificity (%) AUC (p value)

Roche Wuhan‐Hu‐1 >300 92.04 92.86 0.96 (<0.001)

Omicron BA.1 >5257 88.73 92.86 0.95 (<0.001)

Omicron BA.2 >8816 74.32 77.78 0.74 (0.016)

DiaSorin Wuhan‐Hu‐1 >586 83.19 92.86 0.96 (<0.001)

Omicron BA.1 >1810 81.69 92.86 0.94 (<0.001)

Omicron BA.2 >3055 63.51 77.78 0.71 (0.039)

Abbreviations: AUC, area under the receiver operating characteristic curve; BAU, binding antibody units.
aA total of 127 were assayed for quantitation of neutralizing antibodies against Wuhan‐Hu‐1 and Omicron BA.1. A total of 83 sera were assayed for
neutralizing antibodies against Omicron BA.2.

TABLE 7 Antibody level thresholds as measured by the Roche and DiaSorin immunoassays predicting detectability of spike‐binding
neutralizing antibodies in vaccinated, SARS‐CoV‐2 naïve participants according to SARS‐CoV‐2 (sub)variant

Immunoassay SARS‐CoV‐2 (sub)varianta Antibody threshold (BAU/ml) Sensitivity (%) Specificity (%) AUC (p value)

Roche Wuhan‐Hu‐1 >300 90.54 92.86 0.96 (<0.001)

Omicron BA.1 >4123 92.31 91.84 0.95 (<0.001)

Omicron BA.2 >8851 69.05 87.50 0.77 (0.012)

DiaSorin Wuhan‐Hu‐1 >586 77.03 92.86 0.95 (<0.001)

Omicron BA.1 >1505 79.49 91.84 0.94 (<0.001)

Omicron BA.2 >3055 61.90 87.50 0.72 (0.05)

Abbreviations: AUC, area under the receiver operating characteristic curve; BAU, binding antibody units.
aA total of 88 were assayed for quantitation of neutralizing antibodies against Wuhan‐Hu‐1 and Omicron BA.1. A total of 50 sera were assayed for
neutralizing antibodies against Omicron BA.2.
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decreasing its specificity, as in around 80% of sera testing Roche

positive/DiaSorin negative, values in the latter fell within

4.9–33.8 BAU/ml. It is important to note that while the overall

sensitivity of both assays calculated herein was substantially lower

than that indicated by the respective manufacturer (98.8% and 98.7%

for the Roche assay and the DiaSorin assay, respectively),

the specificity was only slightly decreased (99.8% and 99.5% for

the Roche assay and the DiaSorin assay, respectively, according to

the respective manufacturer). To gauge the relevance of this

apparent discrepancy it needs to be taken into account that both

assays were originally evaluated by the manufacturers using sera

drawn from unvaccinated individuals and shortly after SARS‐CoV‐2

infection due to the Wuhan‐Hu‐1 ancestral variant.

From a quantitative perspective, no significant differences were

observed in antibody levels measured by the two immunoassays for

sera belonging to any of the study groups. Nevertheless, these

correlated to a lesser extent for sera from Unvac‐Ex (ρ = 0.66) than

those from Vac‐Ex (ρ = 0.88) and Vac‐N (ρ = 0.80), likely due to

differences in the antigenic specificity of antibodies generated

following vaccination or natural infection. In agreement with our

findings, previous studies reported correlation levels between the

Roche and DiaSorin immunoassays ranging from 0.80 to 0.93 in

panels mostly comprising sera from vaccinated/naïve indivi-

duals.13–18 The sizable difference between correlation levels across

Vac‐Ex and Unvac‐Ex observed in our study are also congruent with

findings by Lukaszuk et al.17 A relatively novel observation of this

study relates to the impact of antibody concentration on the

magnitude of quantitative discordances across the two immunoas-

says; in effect, for sera with <1000 BAU/ml, the DiaSorin assay

returned higher values than the Roche assay, whereas the reverse

was documented for sera ≥1000 BAU/ml. Although not explicitly

stated, the occurrence of such differences in quantitative estimations

of antibody levels provided by the Roche and DiaSorin immunoassays

can be inferred from data from previous studies.13,16–18

We next evaluated the correlation between antibody levels

returned by the Roche and DiaSorin immunoassays and NtAb titers

against Wuhan‐Hu‐1, Omicron BA.1, and BA.2 measured using an

S‐pseudotyped virus neutralization assay. To this end, we randomly

selected 127 sera collected from Vac‐Ex and Vac‐N. Given the timing

of sera collection, both the rate of sera exhibiting neutralizing activity

(any titer) and NtAb titers were higher against the ancestral variant

than against Omicron BA.1 and BA.2. Several major observations

were made regarding the degree of correlation between antibody

levels measured by both immunoassays and NtAb titers. First, the

correlation level was substantially lower for sera in the Vac‐Ex group

compared to those in the Vac‐N, irrespective of the SARS‐CoV‐2

variant considered; this difference was strikingly evident for NtAb

against Omicron BA.2 (ρ: 0.52 in Vac‐N vs. ρ: −0.05 in Vac‐Ex).

Second, antibody level cut‐offs predicting NtAb detection (at any

level) varied widely depending upon the SARS‐CoV‐2 (sub)variant

considered and the immunoassay employed. This was also the case

when sera from Vac‐N individuals were analyzed separately. Of note,

we chose a binary outcome for categorization of NtAb results

(detectable vs. undetectable), as no NtAb threshold has clearly been

defined for protection against SARS‐CoV‐2 infection (due to any

variant). In effect, Wuhan‐Hu‐1 NtAb detectability was associated

with lower antibody levels as measured by both binding immunoas-

says than was the case for Omicron (sub)variants; this was not

unexpected as both immunoassays contain the S or RBD protein as

target antigens derived from the ancestral variant, and the Wuhan‐

Hu‐1 variant substantially diverges antigenically from Omicron

sublineages.31 Third, RBD and S‐trimeric binding antibody levels

predicting NtAb against Omicron BA.2 were substantially higher than

those against Omicron BA.1 irrespective of the immunoassay used,

likely reflecting the higher degree of variation of sequence within

critical antibody binding sites in BA.2 S protein31; moreover,

prediction of Omicron BA.2 NtAb detectability was somewhat

inaccurate (AUC: 0.71). Fourth, antibody level thresholds predicting

detection of NtAb against all SARS‐CoV‐2 variants screened were

substantially dissimilar for the Roche and DiaSorin assay. The current

study has several limitations. First, as stated above, sera yielding

contradictory qualitative results across immunoassays were not

further analyzed to account for discrepancies, impeding an optimal

specificity analysis. Second, no sera from Unvac‐Ex individuals were

run on the NtAb assay. Our study has also some strengths: the large

number of sera tested, the heterogeneity of participants in terms of

vaccination and SARS‐CoV‐2 infection status, and the use of

S‐pseudotyped virus neutralization assays instead of a surrogate

NtAb method.

In summary, our data revealed that neither qualitative nor

quantitative results returned by the Roche and DiaSorin immunoas-

says (the latter despite calibration to the first WHO SARS‐CoV‐2

antibody standard) are necessarily interchangeable. In both assays,

moreover, analytical performance was found to be greatly influenced

by individuals' vaccination, and SARS‐CoV‐2 infection status.

Importantly, an impact of antibody concentration on the magnitude

of quantitative discordances across the two immunoassays was

noticed. Our data also highlight the need for continuous evaluation of

S‐based immunoassays for their performance in epidemiological

settings dominated by emerging (sub)variants, particularly the

correlation between BAUs provided and NtAb titers. Widespread

future use of indicators such as absence of S‐directed antibodies or a

given antibody level threshold to determine eligibility for an

additional vaccine dose (either Wuhan‐Hu‐1‐based or adapted) or

S‐targeted monoclonal antibody therapies, may increase the clinical

impact of between‐assay differences in sensitivity and quantitative

performance. In this context, our data may contribute toward optimal

immunoassay selection.
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