S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Journal of Clinical Virology 144 (2021) 104991

Contents lists available at ScienceDirect

Journal of Clinical Virology

journal homepage: www.elsevier.com/locate/jcv

ELSEVIER

Check for

Evaluation of the Elecsys SARS-CoV-2 antigen assay for the detection of | e
SARS-CoV-2 in nasopharyngeal swabs.

Myriam Ben Abdelhanin * " Dieudonné M Mvumbi °, Aurélie Agathine ©, Nikolaos Nanos d

Stéphane Gidenne ©

& Department of Clinical Chemistry, LBS Laboratory, Cerba HealthCare, Brussels, Belgium

Y Department of Expertise and Service provision, Quality of Laboratories, Sciensano, Brussels, Belgium
¢ Department of Clinical Microbiology, LBS Laboratory, Cerba HealthCare, Brussels, Belgium

4 Department of Clinical Serology, LBS Laboratory, Cerba HealthCare, Brussels, Belgium

¢ Department of Clinical Microbiology, Ketterthill Laboratory, Cerba HealthCare, Belvaux, Luxembourg

ARTICLE INFO ABSTRACT

Keywords: Aims: The aim of this study was to evaluate the performance of the automated Elecsys® SARS-CoV-2 antigen
Autofr}ajfed antigen immunoassay assay compared to RT-PCR taken as the gold standard for SARS-CoV-2 detection.

Sensitivity . Methods: 225 nasopharyngeal swabs were randomly collected among which 123 were tested positive and 102
(5312)1\‘/51]';‘1"97'2 testing strategy negatives for SARS-CoV-2 based on RT-PCR. Antigen dosing were performed on a Cobas 8000 e801 analyzer.

Results: The antigen test diagnosed SARS-CoV-2 infection status with an overall sensitivity of 65,85% (95% CI
56,76-74,16%), a specificity of 100% (95% CI 96,49-100%) with a Cut-off value > 1. When the cut-off value for
the antigen assay was set to > 0,673 COI, the accuracy reached its highest level with a sensitivity of 74,8% (95%
CI 66,2 - 82,2%) and a specificity of 97,1% (95% CI 91,6 — 99,4%). Imprecision was estimated in accordance
with manufacturer’s claims.

Conclusions: We obtained an overall sensitivity of 65,85% (95% CI 56,76-74,16%) and a specificity of 100%
(95% CI 96,49-100%), slightly higher than the results reported by the manufacturer. Yet, it remains relatively
low comparatively to what is generally acceptable for these antigenic assays (a relative sensitivity of 80%). We
also noticed that the accuracy could reach its highest level if the cut-off is set above 0,673 which is lower than
established by the manufacturer. Thus, our results suggest that the Elecsys® SARS-CoV-2 Antigen assays, should
be improved prior to be used in a SARS-Cov-2 screening strategy. However, if one antigenic assay could
demonstrate acceptable performance, it might be centralized in clinical laboratories, keeping the RT-PCR in a
second phase for confirmation.

1. Introduction

A novel coronavirus, severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), emerged in December 2019 in Wuhan, China [1]. Since
the beginning of the Coronavirus Infectious Disease-19 (COVID-19)
pandemic, laboratories have been using nucleic acid amplification tests
(NAATS), such as real-time reverse transcription polymerase chain re-
action (RT-PCR), to detect SARS-CoV-2 [2]. Molecular techniques are
considered as the "gold standard" for the diagnosis of SARS-CoV-2
infection due to their great sensitivity/specificity. However, the use of
these techniques faced certain constraints such as the scarcity of re-
sources (consumables, reagents) and relative extended turnaround time
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[3].

In addition to molecular tests, other strategies have been developed
especially serological (detection of specific SARS-CoV-2 antibodies) and
antigenic assays, mostly rapid test.

Some countries have included in their screening and testing strategy
for SARS-CoV-2 algorithms including the use of antigenic rapid detec-
tion tests (Ag-RDTs) for symptomatic and asymptomatic patients [4,5].

Rapid antigenic tests for SARS-CoV-2 are inexpensive and can return
results within 18 min [5,6] and most of them have received either Food
and Drug Administration (FDA) Emergency Use Authorization (USA) or
CE-IVD mark for use in asymptomatic and symptomatic persons within
the first 5-12 days after symptom onset [7,8].
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Though Ag-RDTs are substantially less sensitive than NAAT, they
offer the possibility of rapid, inexpensive, and early detection of the
most infectious COVID-19 cases in appropriate settings. The World
Health Organization (WHO) recommends a minimum of 80% sensitivity
and 97% specificity for Ag-RDTs that can be used for patients with
symptoms consistent with COVID-19 [9].

Ag-RDTs have been highly evaluated [10 —12] and widely used for
population screening and even as POCT. New automated versions of
antigen testing are now available on the market, but data on their per-
formance is still scarce.

Currently, there is a real need for alternative assays such as auto-
mated antigen detection tests, which in contrast to automated antibody
tests, can detect the presence of the virus itself in respiratory samples
and could be an alternative to the RT-PCR in the management of next
phases of the Covid-19 pandemic. Very few data are available support-
ing the use of automated antigenic tests in routine laboratory as an
alternative for first-stage screening of positive cases, then using the RT-
PCR in a second stage as a confirmatory test, probably due to the relative
lower sensibility of antigenic tests [3,10,11].

The aim of this study was to evaluate the performance of the auto-
mated Elecsys® SARS-CoV-2 antigen assay compared to RT-PCR, taken
as the gold standard, for SARS-CoV-2 detection.

2. Material and methods
2.1. Clinical samples

A convenience sample of two hundred and twenty-five (225) naso-
pharyngeal specimens from outpatients (known or suspected exposure)
with a request for SARS-CoV-2 RT-PCR analysis were randomly collected
using flocked or polyester-tipped swabs, placed in 3 mL of Viral Trans-
port Media (VTM) (Biotech Corporation Co., Ltd.) with a composition of
NaCl at 0.8%. This container tube is FDA approved for use as a viral
transport medium and has been validated in our laboratory for daily use
for Sars-CoV-2 RT-PCR. The guidelines for the management of poten-
tially contagious samples in Laboratory have been strictly respected,
following the indications of WHO and CDC [2, 9]. Our study respected
and followed the principles of the Declaration of Helsinki. The VTMs
were stored at 4 °C until nucleic acid extraction. Total nucleic acids were
extracted within 5 h after swab collecting. All samples were collected
during April 2021. Data related to clinical symptoms were unavailable.

2.2. Analytical performance

Precision was assessed by considering repeatability and between-day
variability using quality control (QC) materials provided by the manu-
facturer by measurement of quadruplicates during 5 successive days.

2.3. RT-PCR test

RT-PCR testing was performed using the Allplex ™ 2019-nCoV assay
(Seegene Technologies Inc, South Korea) on a CFX96 thermocycler
(BioRad, Hercules, CA, US), following an automated RNA extraction
performed with the Genomic STARlet liquid handler (Hamilton, Nv,
us).

The RT-PCR targeted 4 specific genes: E, RARP, S, N and expressed
results in cycle threshold (Ct) values. All samples with a valid result for
Target-N and/or Target-E were included in our study.

The remaining VTM from each nasopharyngeal swab was immedi-
ately frozen at —20 °C after the RT-PCR analyses, in accordance with the
manufacturer’s recommendations for the antigenic testing (less than 14
days and only once frozen) [6].

2.4. SARS-CoV-2 automated antigen test

Automated qualitative detection of the SARS-CoV-2 nucleocapsid
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Fig. 1. Samples assignation in subcategories based on RT-PCR Ct values.

antigen was performed using the Elecsys® SARS-CoV-2 Antigen assay
(Roche Diagnostics, Mannheim, Germany) on Cobas® 8000 e801
analyzer (Roche Diagnostics, Mannheim, Germany)

The principle of the method is an ElectroChemiLuminescence
ImmunoAssay (ECLIA), a double-antibody sandwich assay. The analyt-
ical testing time is 18 min [6]. Before analyzing samples, a previous viral
inactivation step was mandatory using the SARS-CoV-2 Extraction so-
lution C Cobas®. This solution is intended for reduction for viral load in
swabs transported in a virus transport solution, including sterile saline.
In our study, we used 1 mL per sample of thawed viral transport media
from each nasopharyngeal swab and 100 pL of the Solution then we
vortexed each sample for 5 s. All samples were analyzed within 15 min
after the inactivation step.

The results of SARS-CoV-2 Antigen are expressed in cut-off index
(COI) with a qualitative interpretation based on the following: COI < 1.0
Non-reactive for SARS-CoV-2 antigen and COI > 1.0 Reactive for SAR-
S-CoV-2 antigen.

2.5. Data management and statistical analyzes

Prior to proceeding analysis with collected samples, we first evalu-
ated the precision by an analysis of variance (ANOVA) to estimate
repeatability and intermediate precision.

Based on the Ct values obtained from the RT-PCR assay, we assigned
samples into different subcategories. We have included 51 patients with
undetectable (Negative) RT-PCR results with a Ct > 40, to assess
possible interferences in the immunoassay method. This cohort is
described in Fig. 1.

As the RT-PCR was considered as the gold standard, sensitivity was
defined as the proportion of SARS-CoV-2 positive samples by the antigen
test initially categorized as positive by RT-PCR (Ct < 35). Specificity
was defined as the proportion of samples identified as negative by the
antigen test initially categorized as negative by RT-PCR. Positive and
negative predictive values (PPV, NPV) were also calculated for the
overall sample and relative sensitivity were evaluated for sample
subcategories.

To establish the optimal cut-off value, a receiver-operating-
characteristic (ROC) curve was plotted. The non-parametric empirical
method was used to estimate the area under the curve (AUC). The
Elecsys® SARS-CoV-2 antigen cut-off value was determined by identi-
fying an inflection point on the validation ROC curve, corresponding to a
combination of high specificity and sensitivity. Categorical variables
were expressed as frequencies with 95% confidence intervals (95% CI).

Statistical analyses were performed using MedCalc Statistical Soft-
ware version 19.3 (MedCalc Software Ltd, Ostend, Belgium) and Excel
2016 (Microsoft, Redmont; USA).

3. Results

Intermediate precision for the Elecsys SARS-CoV-2 antigen assay
across 5 days revealed coefficient of variations of 2.2%, remaining
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Fig. 2. Distribution of the values obtained in Ag SARS-COV-2 (COI) in relation to the result of the RT-PCR.
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Table 1
Results obtained from the RT-PCR and the Ag tests.
RT-PCR
Ag interpretation Negative Positive
Negative 102 42
Positive 0 81
N =102 N=123
Table 2

Relative sensitivity for subcategories.

Positive RT-PCR Relative sensitivity (%)

Ct <20; N=46

20 <Ct< 25 N=18
25 < Ct>< 30; N = 30
30 <Ct <35 N=29

100 (95% CI 92.12-100)
100 (95%CI 92.13-100)
46.67 (95% CI 28.34-65.67)
3.44 (95% CI 0.08-17.76)

between the manufacturers claimed values of 1.7 — 5.7% for Cobas e 801
modules. For repeatability, we obtained the same coefficient of variation
(1.1%) than one reported by the manufacturer [6].

3.1. Comparison between RT-PCR and the antigen automated test

We performed the automated antigen test on 225 nasopharyngeal
swabs, including 123 positives and 102 negatives samples, as deter-
mined by RT-PCR.

The median antigen level of the PCR-positive samples was 4.56 COI
(range 0.40-22,762 COI) and that of the PCR-negative samples was 0.45
COI (range 0.33-0.80). The mean antigen level of the PCR-positive
samples was significantly higher than of the PCR-negative samples (p
< 0.01) (Fig. 2).

The concordance between RT-PCR and Ag-RDT results is shown in
Table 1.

When the RT-PCR results were used as a reference, the antigen test
diagnosed SARS-CoV-2 infection status with a sensitivity of 65.85%
(95% CI 56.76-74.16%) and a specificity of 100% (95% CI
96.49-100%), PPV = 100%, NPV = 70.83 (95% CI 75.61-86.20%) and
an accuracy = 81.33% (95% CI 75.62-86.20%).

We also evaluated the relative sensitivity obtained for positive cases.
Subcategorized according to Ct values (Table 2). With a Ct < 25, we
obtained a relative sensitivity of 100%.

A ROC curve was constructed to determine the best cut-off index

Ag
100 |-
80—
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B Criterion: >0,673
> 60
= i
-(“Z‘, |
$ -
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O
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100-Specificity

Fig. 3. Receiver operating characteristic curve for the Ag SARS-Cov-2 test.

according to the World Health Organization (WHO) recommendation
for Ag-RDTs performance (minimum of 80% sensitivity and 97% spec-
ificity). When the cut-off for the antigen level was set above 0.673 COI
(95% CI 91.6 — 99.4), the accuracy reached its highest level. ROC ana-
lyses yielded an AUC value of 0.91 + 0.0194 (95% CI 0.8644-0.9438)
suggesting that the antigen test accurately detected SARS-CoV-2 (Fig. 3)
with a sensitivity of 74.8% (95% CI 66.2 — 82.2%) and a specificity of
97.1% (95% CI 91.6 — 99.4%).

4. Discussion

Most testing strategies implemented for Covid-19 have included the
use of rapid antigenic tests, based on recommendations from interna-
tional organizations, such as the WHO [9]. However, there are very few
discussions about automated tests, which if they demonstrate good
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performance, could be a viable alternative to rapid tests. In the present
study, we evaluated the performance of an automated antigenic test
(Elecsys® SARS-CoV-2 Antigen) based on ECLIA and compared results
with those of the RT-PCR.

In this investigation we obtained an overall sensitivity of 65.85%
(95% CI 56.76-74.16%) and a specificity of 100% (95% CI
96.49-100%), slightly higher than those reported by the manufacturer,
a sensitivity of 60.5 (95% CI 55.5-65.4%) and a specificity of 99.9%
(95% CI 99.6-100%) (6). Otherwise, Pray et al. obtained a poor sensi-
tivity of 41.2% and a specificity of 98.4% [13] in their evaluation of a
SARS antigen fluorescent Immunoassay (Quidel corp., CA, US) and
Hirotsu et al., who evaluated another ECLIA based test (Lumipulse,
Fujirebio, Japan) obtained a sensitivity of 55.2% and a specificity of
99.6% for this automated antigenic test, lower than our results [14]. Yin
et al. evaluated the same automated test than Hirotsu et al. (in com-
parison with four other Ag-RDTs) and obtained an overall sensitivity of
86.7% for the automated assay but specifically for asymptomatic in-
patients [5]. Lefever et al. evaluated a quantitative Ag test (DiaSorin,
Saluggia, Italy) and obtained an overall sensitivity and specificity of,
respectively 67.7% and 100%. But when considering samples with high
viral load, this sensitivity rises to 87.4%—100% [15]. These findings are
comparable with ours (sensitivity = 100%) for all Ct values below 25,
reflecting a high viral load.

Performance discrepancies between these studies could nevertheless
be explained by the difference of methodologies applied, the variability
of cut-off values set for the different antigen tests but also by the
reference RT-PCR used [16].

Considering results obtained in the studies listed above, we observe
that the main disadvantages of antigenic automated tests could be their
relative lower sensitivity as also reported for Ag-RDTs.

We also have evaluated the cut-off index fixed by manufacturer for
the qualitative interpretation of the presence of disease (COI > 1). Ac-
cording to our results, this cut-off value could be reevaluated, to increase
the test performance. In fact, if lowered to a value of 0.673, the accuracy
reached its highest level, increasing sensitivity to 74.8% (95% CI 66.2 —
82.2%), specificity to 97.1% (95% CI 91.6 -99.4%), the AUC to 0.91
(95% CI 0.86-0.94%), PPV to 100%, NPV to 70.83 (95% CI
75.61-86.20%) and accuracy to 81.33% (95% CI 75.62-86.20%).

Taking all this into account, we can argue that the automated anti-
genic test we evaluated have an excellent specificity but the main
challenge steads in the sensitivity, which is directly correlated to the Ct
value thus the viral load.

As rapid antigenic tests are already in use in many parts of the world
for SARS-Cov-2 screening, despite their relatively low sensitivity, we
suggest that if one automated antigenic test reports high levels of
sensitivity and specificity, it could be centralized in clinical laboratories
(under the supervision of laboratory experts) and could be used in
diagnostic algorithms for population screening and even diagnosis. But
these algorithms should take in account some criteria as symptoms, risk
contact, intensity of virus circulation, etc.

Though NAAT offers higher sensitivity than Ag testing, Ag delivers
results more rapidly and identifies the most highly infectious in-
dividuals, equivalent to NAAT in averting transmission, with a shorter
turnaround time less than 30 min after arrival at the laboratory [17].

Furthermore, it would be interesting to define an exact cut-off point
with further studies and define an interval of COI between which the RT-
PCR could be used as confirmation diagnostic test as is already in place
for other pathologies [18] but also contemplated by some national or-
ganizations [19].

5. Conclusion

The Elecsys® SARS-CoV-2 Antigen have an overall similar perfor-
mance than other Ag assays (sensitivity less than 70% and specificity
higher than 95%). In our study, we obtained a low sensitivity of 65.85%
(95% CI 56.76-74.16%) and a specificity of 100% (95% CI
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96.49-100%), slightly higher than results reported by the manufacturer.
The accuracy reached its highest level when the cut-off was set above
0,673, which is lower than established by the manufacturer.

Our results suggest that the Elecsys® SARS-CoV-2 Antigen assay, as
other current available automated antigenic assays, cannot be efficiently
used in a SARS-Cov-2 screening strategy without considering other
factors such as related to the current epidemiology of the pathology
(transmission dynamics) and the clinical status of patients. However, if
one antigenic assay could demonstrate acceptable sensitivity (>80%)
and specificity (>97%), it might be centralized in clinical laboratories,
keeping the RT-PCR in a second phase for confirmation.
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