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ABSTRACT
Background: The recently launched high-throughput assays for detecting antibodies against SARS-CoV-2 has contributed
to the managing strategies for the COVID-19 pandemic. This study aimed to investigate the performance of three high-
throughput assays and one rapid lateral flow test relative to regulatory authorities’ recommended criteria.
Methods: A total of 315 samples, including 150 pre-pandemic samples, 152 samples from SARS-CoV-2 RT-PCR positive indi-
viduals and 13 potentially cross-reactive samples were analysed with SARS-CoV-2 IgG (Abbott, Abbott Park, IL), Elecsys
Anti-SARS-CoV-2 (Roche, Solna, Sweden), LIAISON SARS-CoV-2 S1/S2 IgG (DiaSorin, Saluggia, Italy) and 2019-nCOV IgG/IgM
Rapid Test (Dynamiker Biotechnology Co., Tianjin, China).
Results: All assays performed with a high level of specificity ranging from 96.7% to 99.3%. Sensitivity differed more
between the assays, Roche exhibiting the highest sensitivity of 98.7%. The corresponding figures for Abbott, DiaSorin and
Dynamiker Biotechnology were 80.9%, 89.0% and 72.4%, respectively.
Conclusions: The results of the evaluated SARS-CoV-2 assays vary considerably, as well as their ability to fulfil the perform-
ance criteria proposed by regulatory authorities. Introduction into clinical use in low-prevalent settings, should, therefore,
be made with caution.
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Introduction

Coronavirus disease 2019 (COVID-19) was first reported
in Wuhan, Hubei province, China, in December 2019 [1].
Since then, several rapid tests based on immunochroma-
tographic techniques have been developed. These
point-of-care tests usually deliver results within
15–30min; however, the tests’ nature makes large-scale
testing inefficient.

Several manufacturers have developed immunoassays
based on recognition of recombinant antigens to
achieve high-throughput detection of anti-SARS-CoV-2
antibodies in plasma or serum. Some tests claim to
detect IgM or IgG, while others also identify IgA or a
mixture of different antibody classes. Differences in test
design, including choice of antigen, are likely to affect
the sensitivity and specificity of tests [2], as well as the
characteristics of the SARS-CoV-2 antibody response
[3,4]. In this study, the performance of three commer-
cially available high-throughput automated SARS-CoV-2
antibody assays and one rapid immunochromatographic
test was investigated and compared to regulatory
authorities’ recommended criteria.

Materials and methods

Assays

Four commercially available immunoassays and their
corresponding platforms were evaluated: (1) Abbott
SARS-CoV-2 IgG on the ARCHITECT i2000 (Abbott,
Abbott Park, IL), recognizing IgG antibodies binding to
the SARS-CoV-2 nucleoprotein in a chemiluminescent
microparticle immunoassay (CMIA); (2) Elecsys Anti-
SARS-CoV-2 on the Cobas 8000 e801 (Roche Diagnostic
Scandinavia AB, Solna, Sweden) detecting antibodies
(including IgG) binding to the SARS-CoV-2 nucleocapsid
(N) protein; (3) LIAISON SARS-CoV-2 S1/S2 IgG on the
LIAISON XL (DiaSorin, Saluggia, Italy) detecting IgG anti-
bodies recognizing the spike glycoprotein of the corona-
virus; and (4) the lateral flow test 2019-nCOV IgG/IgM
Rapid Test (Dynamiker Biotechnology Co., Tianjin, China)
detecting antibodies with unspecified epitope recogni-
tion. Kit-recommended positive cut-off values for inter-
pretation were applied: Abbott; �1.4 S/CO, Roche; �1.0
COI, DiaSorin; �15AU/mL (positive) and 12–15AU/mL
(equivocal). Any positive Dynamiker result, either for IgG,
IgM or both, was considered positive.

All automated systems are part of our laboratories’
routine operations and are subject to accepted quality
assurance procedures. All tests (including calibration and

controls) were performed according to manufacturers’
instructions.

Sample collections

The samples originated from a Microbiology Department
collection obtained after consent to deposit, store and
use for research and development. Samples were anony-
mized before inclusion. Consequently, according to the
Swedish Ethical Review Agency’s guidelines, the study
did not require approval from an ethics committee. All
serum samples were stored at �20 �C until analysis.

Specificity was evaluated using 150 pre-pandemic
(2018) samples. To challenge the assays, 13 additional
serum samples with possible interferences (antinuclear
antibodies (n¼ 2); rheumatoid factor (n¼ 2); anti-cyto-
megalovirus IgM (n¼ 2); anti-Epstein-Barr virus IgM
(n¼ 2) and samples from pregnant donors (n¼ 5))
were analysed.

Sensitivities were evaluated using 152 outpatient
serum samples from 147 individuals that before serum
sampling had tested PCR positive for SARS-CoV-2 from
nasopharyngeal and/or pharyngeal swabs. Due to a glo-
bal lack of reagents for RT-PCR diagnostics at the begin-
ning of the pandemic, different protocols and reagents
had to be used. Analysis was performed as part of rou-
tine using Abbott RealTime SARS-CoV-2 Amplification
Reagent Kit on Abbott m2000; Alinity M SARS-CoV-2
AMP Kit or Alinity M Resp-4-Plex AMP Kit on Abbott
Alinity M; or XpertVR Xpress SARS-CoV-2 (Cepheid,
Sunnyvale, CA) on GeneExpert Dx, or by external labora-
tories: ABCLabs (Solna, Sweden) using TaqPathTM COVID-
19 CE-IVD RT-PCR Kit (Thermo Fisher Scientific, Waltham,
MA) or by the National Veterinary Institute (Uppsala,
Sweden) using KiCqStart qPCR ReadyMix on ABI 7500
with primers and probes according to Corman et al. [5].
The interval between positive PCR and serum sample
collection ranged from 18 to 125 days (median 78 days).

Calculations

Overall per cent agreement, sensitivity (per cent positive
agreement) and specificity (per cent negative agree-
ment) were calculated based on a contingency table
according to EP12-A2 [6], using Microsoft Excel 2019
(Microsoft Corp., Redmond, WA). The between-test
agreement was evaluated using Cohen’s kappa calcu-
lated with IBM SPSS Statistics for Windows, Version 26.0
(IBM Corp., Armonk, NY). The positive likelihood ratio
(LRþ) and positive predictive value (PPV) at different
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prevalence (P) scenarios were calculated as follows:

LRþ ¼ sensitivity=ð1� specificityÞ
PPV ¼ ðsensitivity� PÞ=ð sensitivity� Pð Þ þ 1� specificityð Þ

� 1� Pð ÞÞ

Further data analysis was performed using GraphPad
Prism, version 7.04 for Windows (GraphPad Software, La
Jolla, CA).

Clinical performance requirements

The performance of each assay was compared with pub-
lished guidelines from three regulatory authorities (Table
1): Public Health Agency of Sweden (PHAS); Haute
Autorit�e de Sant�e, Saint-Denis, France (HAS); and
Centres for Disease Control and Prevention, USA (CDC)
(Atlanta, GA) [7–9].

Results

Of the 150 pre-pandemic samples tested, Roche
reported two false-positive results, DiaSorin six (includ-
ing two equivocal results), Dynamiker Biotechnology five
and Abbott one (Figure 1). The negative sample collec-
tion resulted in median values (range) of 0.08 COI

(0.05–3.16), 0.04 S/CO (0.01–1.47) and 4.8 AU/mL
(<3.8–85.9) for Roche, Abbott and DiaSorin, respectively.

In the panel consisting of 13 potentially cross-reactive
pre-pandemic samples, one sample with rheumatoid fac-
tor IgM was reported as positive for both SARS-CoV-2
IgM and IgG by Dynamiker. One sample obtained during
pregnancy showed an equivocal result on the DiaSorin
assay. All samples were negative on the Abbott and
Roche assays.

Two RT-PCR positive samples were reported as nega-
tive by Roche, 29 by Abbott and 42 by Dynamiker.
DiaSorin reported 23 negative results, including seven
equivocal results.

The overall agreement was 90.1% for Abbott, 98.6%
for Roche, 90.4% for DiaSorin and 84.4% for Dynamiker
Biotechnology. The pairwise inter-assay agreements
(Cohen’s kappa) were as follows: Roche and Abbott
0.802 (95% CI, 0.735–0.869), p<.0005; Roche and
Diasorin 0.863 (95% CI, 0.806–0.920), p<.0005; Roche
and Dynamiker Biotechnology 0.689 (95% CI,
0.611–0.767), p<.0005; Abbott and DiaSorin 0.806 (95%
CI, 0.737–0.875), p<.0005; Abbott and Dynamiker
Biotechnology 0.772 (95% CI, 0.699–0.845), p<.0005; and
DiaSorin and Dynamiker Biotechnology 0.721 (95% CI,
0.641–0.801), p<.0005.

Table 1. Summary of recommended criteria for SARS-CoV-2 serology assays issued by authorities in three different countries.
Regulatory authority Sensitivity (%) Specificity (%) Additional comment

Public Health Agency of Sweden 90.0 99.5 Recommendations based on seroprevalence of 5%,
rendering a target PPV of >90%

Haute Autorit�e de Sant�e, France 95.0 98.0
Centers for Disease Control and Prevention, USA – 99.5 For populations with seroprevalence of �5%

Figure 1. Differences in distribution patterns between Abbott, Roche and DiaSorin immunoassays for detection of SARS-CoV-2 antibodies.
Measured values from serology testing of 152 positive (SARS-CoV-2 PCR confirmed) and 150 negative samples. Dotted lines represent cut-
off values of (A) Abbott: positive result index �1.4 S/CO, (B) Roche: positive cut-off index (COI) �1.0 and (C) DiaSorin: positive cut-off
�15 AU/mL and equivocal 12–15 AU/mL. For DiaSorin, negative samples with signals below the detection limit (3.8 AU/mL) were plotted as
1.9 AU/mL and positive signals >400 AU/mL were plotted as 800AU/mL.
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Table 2. Sensitivity and specificity compared to manufacturers’ data from samples collected �14 days (Abbott, Roche) and >15 days
(DiaSorin) post PCR confirmation.

Study data Manufacturers’ dataa

n Sensitivity % (95% CI) n Specificity % (95% CI) n Sensitivity % (95% CI) n Specificity % (95% CI)

Abbott 152 80.9 (74.0–86.4) 150 99.3 (96.3–100) 88 100 (95.9–100) 997 99.6 (99.0–99.9)
Roche 152 98.7 (95.3–99.8) 150 98.7 (95.3.99.8) 185 99.5 (97.0–100) 6305 99.8 (99.7–99.9)
DiaSorin 145 89.0 (82.8–93.1) 148 97.3 (93.3–98.9) 48 97.9 (89.1–99.6) 1200 98.6 (97.7–99.1)
Dynamiker 152 72.4 (64.8–78.9) 150 96.7 (92.4–98.6) 162 93.2 (not reported) 300 95.3 (not reported)

No information about the time of sampling was available for Dynamiker Biotechnology.
aData retrieved from following versions of product kit inserts: Abbott 6R86 H0791R04, June 2020; Roche V3, 2020-06; DiaSorin 200/007-797, 07, 2020-07; Dynamiker
Biotechnology DNK-1419-1.

Figure 2. Estimated PPV for the assays, calculated at seroprevalences of 1%, 5%, 10%, 15%, 20%, 25% and 50%. Calculations were based
on sensitivity, specificity and respective 95% CI limits (solid lines¼mean values; grey areas ¼ 95% CI). Dashed lines represent mean sensi-
tivity and specificity data from the manufacturers’ kit inserts. Dotted horizontal lines refer to 90% PPV.
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Sensitivity and specificity for each assay are presented
in Table 2, together with the corresponding data
extracted from each manufacturer’s test kit insert.
Abbott exhibited the highest specificity and Roche the
highest sensitivity, 99.3% and 98.7%, respectively. Seven
RT-PCR positive samples and two samples from the
negative collection were excluded from the DiaSorin
sample collection due to equivocal results. LRþwere
121.4, 74.0, 32.9 and 21.7 for Abbott, Roche, DiaSorin
and Dynamiker Biotechnology, respectively.

Benchmarking the sensitivity and specificity data
against published guidelines showed that the Abbott
and Roche assays met the specificity criteria set by HAS.
None of the assays met the specificity criteria by PHAS
and CDC. Neither of the Abbott, DiaSorin or Dynamiker
Biotechnology assays exhibited a sufficient sensitivity to
meet the criteria set by PHAS and HAS (Tables 1 and 2).
In contrast, Roche exhibited a sensitivity of 98.7%, thus
exceeding the sensitivity criteria set by both these
authorities.

Assay performance recommendations from PHAS are
based on a target PPV of �90%. Therefore, the sero-
prevalence required to reach a PPV of �90% was calcu-
lated (Figure 2).

Discussion

Although the degree of immunity to SARS-CoV-2 is dis-
puted, it is plausible that individuals undergoing COVID-
19 will gain partial or temporary protection against new
episodes. The rapidly emerging pandemic has limited
the possibility of state-of-the-art validations according to
the EP-12 A2 [5], and there is no international consensus
on clinical performance requirements for COVID-19
assays. Neither is there an agreed gold standard method
for antibody testing [10]. Using the criteria proposed by
authorities [7–9], only Roche fulfilled an authority criteria
(HAS), which is in accordance with other studies [11,12].
However, in one Austrian study [13], Roche also fulfilled
the CDC requirements.

A qualitative diagnostic test’s clinical performance is
dependent on the prevalence. Both PHAS and CDC
accordingly link their respective specificity criteria for
SARS-CoV-2 antibody testing to seroprevalence levels
where, PHAS recommendations are based on a PPV
>90%. Based on our results, a prevalence of approxi-
mately 8%, 13%, 29% and 44% would be necessary to
reach this goal for Abbott, Roche, Dynamiker
Biotechnology and DiaSorin, respectively (Figure 2).

Introducing comprehensive antibody testing for
COVID-19 is cumbersome in a low-prevalence setting. In
order to reach the proposed performance criteria, two-
tier testing could be considered. Alternatively, a high
degree of specificity (and thus a high PPV) could be pri-
oritized using modified cut-off values. Our results sug-
gest that this could be conceivable for the Abbott and
Roche assays, while the more overlapping results for
DiaSorin would make it difficult to find such a specific
cut-off with a reasonably preserved degree of sensitivity
(Figure 1). As the seroprevalence increases, the need for
two-tier testing or modifications to improve specificity
will decrease. Due to the disease’s novelty and the expe-
dited development of new assays, possible sources of
systematic errors, e.g. cross-reacting antibodies against
other Coronaviridae, should be carefully considered.

We conclude that the SARS-CoV-2 assays only partly
fulfil the criteria proposed by regulatory authorities.
Introduction into clinical use must, therefore, be made
with careful consideration and well-informed
stakeholders.
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