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Abstract

The present study aimed to determine whether current commercial immunoassays
are adequate for detecting anti-Omicron antibodies. We analyzed the anti-SARS-
CoV-2 antibody response of 23 unvaccinated individuals 1-2 months after an
Omicron infection. All blood samples were tested with a live virus neutralization
assay using a clinical Omicron BA.1 strain and four commercial SARS-CoV-2
immunoassays. We assessed three anti-Spike immunoassays (SARS-CoV-2 IgG Il
Quant [Abbott S], Wantai anti-SARS-CoV-2 antibody ELISA [Wantai], Elecsys Anti-
SARS-CoV-2 S assay [Roche]) and one anti-Nucleocapsid immunoassay (Abbott
SARS-CoV-2 IgG assay [Abbott N]). Omicron neutralizing antibodies were detected
in all samples with the live virus neutralization assay. The detection rate of the
Abbott S, Wantai, Roche, and Abbott N immunoassays were 65.2%, 69.6%, 86.9%,
and 91.3%, respectively. The sensitivities of Abbott S and Wantai immunoassays
were significantly lower than that of the live virus neutralization assay (p = 0.004,
p =0.009; Fisher's exact test). Antibody concentrations obtained with anti-S
immunoassays were correlated with Omicron neutralizing antibody concentrations.
These data provide clinical evidence of the loss of performance of some commercial
immunoassays to detect antibodies elicited by Omicron infections. It highlights the
need to optimize these assays by adapting antigens to the circulating SARS-CoV-2
strains.
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both vaccinated and infected individuals. These assays have been

developed at the beginning of the pandemic using antigens based on

SARS-CoV-2 antibody immunoassays are widely used to evaluate the
spread of the virus! and to measure the immunity provided by
vaccination or infection.>® Several commercial assays are now
available. Some detect antibodies that interact with the nucleocapsid
(N); these are present only in infected individuals. Others target
antibodies directed against the spike (S) protein; these are found in

ancestral SARS-CoV-2 strains. SARS-CoV-2 pandemic has been since
dominated by the emergence of new variants, the latest being the
Omicron variant characterized by numerous mutations in the gene
coding the S protein. Therefore, Omicron-specific antibodies could
bind less efficiently to the ancestral SARS-CoV-2 antigens. While
many commercial assays have been evaluated,** data regarding their
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capacity to detect antibodies induced by Omicron SARS-CoV-2

infections are lacking.

2 | METHODS

2.1 | Participants and sample collection

We analyzed the SARS-CoV-2 antibody response of 23 unvaccinated
individuals who experienced mild or asymptomatic Omicron infec-
tion. Serological samples were taken between February 22 and
March 18, 2022, 1-2 months after Omicron infection. Individual's
symptoms at the time of infection, comorbidities, and history of
previous SARS-CoV-2 infection were collected before blood
sampling.

We used a control panel including 31 samples from nonhospitalized
immunocompetent healthcare workers infected with an ancestral D614G
strain before vaccination.® These control samples were collected
1-3 months postinfection. There was no significant difference in age

and sex between individuals from the control panel and the study group.

2.2 | SARS-CoV-2 omicron detection

After RNA extraction from nasopharyngeal swab samples (MGI Easy
Nucleic Acid Extraction kit), amplification was performed with the
Thermofisher TagPath RT-PCR assay (ThermoFisher) running on a
QuantStudio 5 Real-Time PCR System.” Infection with the omicron
variant was established by performing SARS-CoV-2 sequencing on
each sample. As previously described, SARS-CoV-2 RNA was

sequenced by long-read sequencing (Pacific Biotechnology, USA).2

2.3 | Immunoassays and neutralization assay

We compared the sensitivities of four commercial immunoassays to
that of a live virus-neutralization assay based on Vero cells (ATCC
CCL'-81TH) and a clinical SARS-CoV-2 Omicron BA.1 strain (EPI-
ISL_10316329).”1° One immunoassay, the Abbott SARS-CoV-2 IgG
assay (Abbott N) was designed to detect anti-N antibodies, the three
others detected either anti-S IgG antibodies (SARS-CoV-2 IgG Il
Quant [Abbott S]) or anti-S total antibodies (Wantai anti-SARS-CoV-2
antibody ELISA [Wantai], and Elecsys Anti-SARS-CoV-2 S assay
[Roche]). The limit of detection of the three anti-Spike immunoassays
according to manufacturer insert are 7.1, 1, and 0.8 BAU/ml for

Abbott S, Wantai, and Roche respectively.

2.4 | Statistical analysis

Statistical analyses were performed using GraphPad Prism 7
(GraphPad Software, Inc.). Assay sensitivities were compared using
Fisher's exact test. Kruskal-Wallis test was used to compare antibody

concentrations. The relationship between immunoassay results and
neutralizing antibody titers was assessed using Spearman's rank

correlation. A p-value < 0.05 is considered statistically significant.

3 | RESULTS

The time between Omicron infection and blood collection from the
23 subjects (16 males, 69.6%, median age: 35 years, range: 22-61)
was 42days (range: 32-66) (Table 1). All the individuals were
infected with Omicron BA.1. They were all immunocompetent, with
no risk factors for severe disease. Most (19, 82.6%) experienced
minor symptoms but none required hospitalization for their SARS-
CoV-2 infection. Among the 23 individuals, 5 (21.7%) had had a
previous SARS-CoV-2 infection (median time between the two
infections: 282 days; range: 198-499).

While Omicron neutralizing antibodies were detected in all the
subjects, the detection rates varied for commercial immunoassays:
Abbott S: 65.2%, Wantai: 69.6%, Roche: 86.9%, and Abbott N: 91.3%
(Table 1). The Abbott S and Wantai assays were significantly less
sensitive than the live virus-neutralization assay (p = 0.004, p = 0.009;
Fisher's exact test). The sensitivities of the Roche, Abbott N and
neutralization assays did not differ significantly. For the 31 samples
of control panel, the detection rate was 96.8%, 100%, 100%, and
87.1% for Abbott S, Wantai, Roche, and Abbott N, respectively.

The median neutralizing antibody (Nab) titer was 8 [IQR:4-32]
(Figure 1A), while the median antibody concentrations, as BAU/ml,
were: Abbott S: 554 [IQR:21.5-487.9], Wantai: 76.5
[IQR:2.5-10226], and Roche: 24.6 [IQR:3.8-1832], (p=0.79;
Kruskal-Wallis test) (Figure 1A). Spearman's rank correlation test
indicated that the three anti-S immunoassays results were positively
and significantly correlated with the Nab titers (Figure 1B-D). Anti-N
results (Abbott N) and Nab titers were also correlated (r=0.65,
p =0.009). Moreover, the antibody concentrations obtained with the
three anti-S immunoassays correlated very well with each other with
r-values of 0.96 (Abbott S/Wantai), 0.96 (Abbott S/Roche), and 0.98
(Wantai/Roche). Anti-N results (Abbott N) were also correlated with
anti-S concentrations obtained with Abbott S (r=0.73, p =0.002),
Wantai (r=0.80, p < 0.001) and Roche (r=0.83, p < 0.001).

4 | DISCUSSION

Among more than 90 serologic assays authorized by the FDA EUA,
only four immunoassays were evaluated in this study. The Wantai
microplate assay was one of the first and most performant available
test.!* The Abbott S, Abbott N, and Roche assays were chosen given
the frequent use of these automated multiparametric systems in
French laboratories.

The sensitivities we found for commercial serological assays are
much lower than those previously reported in pre-Omicron era. Using
these assays, the detection rate after infection with an ancestral
D614G strain (control panel) ranged from 96.8% to 100% for anti-S
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TABLE 1 Patient characteristics and detection of anti-SARS-CoV-2 antibodies
Time between
Omicron BA.1
Days post- and non- Roche
Symptoms at the Omicron Omicron Abbott S Wantai anti-S Abbott N
time of Omicron BA.1 Previous infection Neutralizing anti-S anti-S (BAU/ anti-N

Patient Age Sex BA.1 infection infection infection (days) antibody titer (BAU/ml) (BAU/ml) ml) (S/CO)
1 22 M Mid 50 - 128 2737.5 15000 7000 10.2
2 48 M Mild 37 Sep-2020 499 8 196.7 3774 1647 7.3
3 39 M Mid 38 - 8 <7.1 1.1 2.8 0.8
4 33 M  Asymptomatic 48 - 32 47.1 87.9 105 6
5 50 F Mild 45 - 4 <7.1 0.6 77 6
6 40 F  Asymptomatic 40 - 4 11.2 0.2 1.4 2.6
7 29 F Mild 66 - 8 55.4 6.0 44.6 4.5
8 35 M Mid 42 Apr-2021 282 32 1190.8 14184 7649 10.2
9 24 M Mid 46 - 8 21.8 2.8 274 3.8
10 23 M Mid 43 Jul-2021 198 8 242.2 4958 1618 3.6
11 28 M Mid 45 - 4 <7.1 0.03 <0.4 1.3
12 50 M Mid 42 - 4 <7.1 0.2 1.6 1.6
13 28 M Mid 41 - 32 487.9 11947 5001 8.4
14 22 F Mid 37 Nov-2020 454 32 1315.4 13505 6045 8.4
15 61 M Mid 43 - 4 <7.1 0.05 <0.4 2.9
16 35 F Mid 42 - 8 <7.1 0.5 1.7 3.9
17 48 M Asymptomatic 45 - 16 21.5 2.4 9.4 7.3
18 48 M Mild 41 - 4 8.9 1.1 3.3 2.2
19 45 M Mild 43 - 4 <7.1 1.7 5.2 25
20 40 F Mild 40 May-2021 250 32 4553 5063 1893 3.9
21 35 F  Mid 48 - 8 12.5 33 111 3.2
22 41 M Asymptomatic 39 - 4 <71 0.02 <0.4 2.0
23 30 M Mid 32 - 16 54 65.1 21.8 4.9

Sensitivity (%) 100 65.2 69.6 86.9 91.3

Note: M, male; F, female; anti-S, anti-spike; anti-N, anti-nucleocapsid; S/CO, sample to cut-off, according to the manufacturer's instructions positive result

if S/CO 21.4.

antibodies; it was 87.1% for anti-N antibodies. A systematic review
and meta-analysis of SARS-CoV-2 serological assay performance
found that the overall sensitivity of commercial assays was 91%
(1C95:85-94) after 15 days of infection regardless of the technique
used.> The pre-Omicron sensitivities of the Abbott S and Wantai
assays were 100%,” while those of the Roche and Abbott N assays
were 97.9% and 96%, respectively, for patients infected for
15 days.*?>1® This indicates that these assays are less sensitive for
detecting anti-Omicron antibodies than for detecting antibodies
induced by ancestral strains.

Our results indicate that the decrease in sensitivity varies from
one assay to another and might depend on the antigen used and the
limit of detection of the assay. Indeed, the better sensitivity rate was

found for the anti-N assay (Abbott N) that might be less impacted by
Omicron mutations and for the Roche assay characterized by the
lowest limit of detection among anti-S assays. Anti-N assays seem to
be better than anti-S assays for the serodiagnosis of previous SARS-
CoV-2 Omicron infections. They can also differentiate between
natural and vaccine-derived seroreactivity. Nevertheless, decrease in
sensitivity due to anti-N waning over time has been described'* and
only anti-S assays are adequate for assessing the antibody response
after vaccination with currently available vaccines. Although these
commercial immunoassays failed to detect some Omicron SARS-
CoV-2 antibodies, the Ab concentrations in positive samples
quantified by anti-S immunoassays were still correlated with the

NAb concentrations. All the specimen missed by these commercial
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FIGURE 1

Immunoassays results and neutralizing antibody titers. (A) Distribution of anti-S SARS-CoV-2 antibody concentrations expressed

in BAU/ml according to the immunoassay used (left side). Distribution of anti-SARS-CoV-2 neutralizing antibody (NAb) titers using Omicron BA.
1 strain (right side): previously infected individuals (red symbols) and ancestral strain-naive individuals (black symbol). Data are represented as
median plus interquartile range. (B-D) Correlation between Abbott S/Roche/Wantai antibody concentrations and the NAb titers for all positive
results. Data are represented as medians (midlines) plus interquartile ranges (IQR) (top and bottom box edges). Whiskers represent the upper and
lower values. Spearman's rank coefficients (r) and their p-value are indicated.

immunoassays had relatively low NADb titers. Moreover, a weaker
humoral response to the Omicron variant compared to previous
variants has been recently reported.t>1¢

To conclude, the use of unvaccinated Omicron-infected patient's
serum enabled us to demonstrate that while Omicron neutralizing
antibodies were detected in all serum in viral culture, some antibodies
were not detected by the commercial kits. Despite the small sample
size, this manuscript presents the first evidence that several
commercial immunoassays lack sensitivity for detecting antibodies
elicited by Omicron infections. It highlights the importance to
reevaluate serological assays with emerging variants, the need to
optimize these assays with revised antigens and raises the question
of antigenic tests sensitivity.
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