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Abstract

Objectives: Given that SARS-CoV-2 antigen tests will repre-
sent a pillar for supporting or surrogating molecular testing
in the endemic period, we report here the clinical perfor-
mance of the new SNIBE Maglumi SARS-CoV-2 antigen fully-
automated chemiluminescent immunoassay (MAG-CLIA
SARS-CoV-2 Ag).
Methods: The study population consisted of 181 subjects
(mean age 61 ± 21 years; 92 females) undergoing coronavirus
disease 2019 (COVID-19) testing at the local diagnostic facility,
from December 2022 to February 2023. Routine diagnostic
practice involved the collection of a double nostril naso-
pharyngeal swab, analyzed in duplicate with SARS-CoV-2
antigen (MAG-CLIA SARS-CoV-2 Ag) and molecular (Altona
Diagnostics RealStar SARS-CoV-2 RT-PCR Kit) tests.
Results: A significant Spearman’s correlation was found
between MAG-CLIA SARS-CoV-2 Ag and mean Ct values of
SARS-CoV-2 E and S genes (r=−0.95; p<0.001). In all naso-
pharyngeal samples, the area under the curve (AUC) of

MAG-CLIA SARS-CoV-2 Ag was 0.86 (95% CI, 0.81–0.90), with
0.71 sensitivity and 1.00 specificity at 7 ng/L cut-off,
increasing to 0.98 (95% CI, 0.96–1.00) AUC and 0.96 sensi-
tivity (with 0.97 specificity) in high viral load samples. When
SARS-CoV-2 N protein concentration was replaced with raw
instrumental readings (i.e., relative light units [RLU]), the
AUC in all samples increased to 0.94. A RLU value of 945 was
associated with 88.4% accuracy, 0.85 sensitivity, 0.95 speci-
ficity, 0.77 negative predictive value (NPV) and 0.97 positive
predictive value (PPV), respectively.
Conclusions: We found satisfactory analytical perfor-
mance of MAG-CLIA SARS-CoV-2 Ag, which could be used as
surrogate of molecular testing for identifying high viral
load samples. Broadening the reportable range of values
may generate even better performance.

Keywords: antigen; COVID-19; immunoassay; infection;
SARS-CoV-2.

Introduction

The ongoing coronavirus disease 2019 (COVID-19) pandemic
represents a paramount challenge for many political, social,
clinical and even diagnostic reasons. As concerns the last
issue, a scarcely prepared and frequently inefficient labo-
ratory response to COVID-19 has beenwidely evidenced over
the course of the pandemic [1], wherein the organization of
many clinical laboratories around the world was disrupted
by the immense number of tests needed for diagnosing
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection [2]. Althoughmolecular testing, specifically real-time
reverse transcription polymerase chain reaction (RT-PCR),
remains the gold standard technique for detecting and even
quantifying SARS-CoV-2 RNA, this method has some important
limitations, including limited availability especially in some
worldwide regions (i.e., mostly in medium-to-low income
countries), shortage of reagents, long turnaround time (a single
RT-PCR test can take several hours to generate results), need for
trained staff and specialized laboratory instrumentation [3].
To overcome some of these technical shortcomings, the
World Health Organization (WHO) [4] and the International
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Federation of Clinical Chemistry and Laboratory Medicine
(IFCC) [5] have both recently endorsed the usage of
SARS-CoV-2 antigen testing in certain clinical settings,
namely for large (mass) screening and for the identifica-
tion of highly infective individuals, who are responsible
for the largest number of contagions [6]. Evidence has also
been provided that the integration of SARS-CoV-2 molecu-
lar and antigen testing, especially when the latter encom-
passes laboratory immunoassays, may be even more cost-
effective than RT-PCR alone [7]. Thus, rapid, accurate and
relatively inexpensive SARS-CoV-2 antigen tests are now
seen as a pillar for surrogating molecular testing in the
next (predictably long) endemic period of COVID-19 [8, 9].
Nevertheless, one key aspect that shall drive the intro-
duction of SARS-CoV-2 antigen immunoassays, either rapid
(i.e., RDT-Ag) or laboratory based, within the routine
clinical practice, is that their analytical performance and
diagnostic accuracy must be independently verified and
validated in clinical laboratories [4, 5]. We have hence
assayed here the clinical performance of the new SNIBE
Maglumi SARS-CoV-2 antigen fully-automated chemilumi-
nescent immunoassay (MAG-CLIA) for diagnosing acute
SARS-CoV-2 infection.

Materials and methods

SNIBE MAG-CLIA SARS-CoV-2 Ag

The MAG-CLIA SARS-CoV-2 Ag (Shenzhen New Industries Biomedical
Engineering Co. [SNIBE], Shenzhen, China), is a chemiluminescent
immunoassay designed for quantitative assessment of SARS-CoV-2
nucleocapsid (N) protein in naso- and oro-pharyngeal swabs with the
MAGLUMI series of fully-auto chemiluminescence immunoassay plat-
forms. This technique is based on a sandwich immunoassay where the
test sample, magnetic microbeads coated with anti-SARS-CoV-2 N
monoclonal antibody and amino-butyl-ethyl-isoluminol (ABEI) labeled
with another anti-SARS-CoV-2 N monoclonal antibody are mixed to
generate sandwich complexes. After incubation, the test mixture is
precipitated by a magnetic field, the solution is washed and a start
solution is added for initiating the chemiluminescent reaction. The light
signal emitted by the reaction is quantified with a photomultiplier in
terms of relative light units (RLUs), and its intensity is directly propor-
tional to the concentration of SARS-CoV-2 N present in the test sample.
Test results are finally expressed in ng/L, with a Limit of Blank (LoB) of
4.00 ng/L, a Limit of Detection (LoD) of 8.00 ng/L, a Limit of Quantitation
(LoQ) of 12.0 ng/L, a reportable concentration between 8 and 10000 ng/L,
and a diagnostic cutoff set at ≤25.0 ng/L (i.e., “non-reactive” sample). The
sample volume is 150 µL and the turnaround of the first samples is
typically comprised within 25–30 min. A previous assessment of this
technique published by Wang et al. reported a global accuracy of 0.987
(area under the curve, AUC), a sensitivity of 0.957, a specificity of 0.987
using a cutoff of 0.640 ng/L [10]. The immunoassay also displayed 100%

agreement in samples with SARS-CoV-2 cycle threshold (Ct) values <33,
and only marginally decreased to 0.915 in those with Ct values between
35 and 40. When a higher cutoff has been applied (i.e., 8.82 ng/L), the
sensitivity and specificity for detecting samples with Ct values <35 were
0.845 and 0.850, respectively. Finally, the between- and within-run
imprecision calculated using two samples with a concentration of
SARS-CoV-2 N protein of 2.51 and 8.68 ng/L was comprised between
3.5–3.8% and 5.1–6.0%, respectively.

Altona Diagnostics RealStar SARS-CoV-2 RT-PCR

Molecular testing at the local facility was carried out using Altona
Diagnostics RealStar SARS-CoV-2 RT-PCR Kit (Altona Diagnostics GmbH,
Hamburg, Germany), a real-time RT-PCR entailing amplification and
quantification of the two Envelope protein (E) and Spike protein (S)
SARS-CoV-2 genes. The assay was adapted for use on a Bio-Rad CFX96™
Deep Well Dx Real-Time PCR Detection System (Bio-Rad Laboratories,
Hercules, CA, USA). The LoD for SARS-COV-2 of this assay is 3.8 copy/mL
for both genes [11]. Test results were considered positive for this
investigation when the Ct value of both genes were <40, as suggested by
expert consensus [12], whilst samples tests yielding Ct values >29.5 were
not associated with positive virus culture, as previously shown by
Gniazdowski et al. [13].

Study population

The study population consisted of consecutive unselected individuals
who underwent regular testing for diagnosing COVID-19 at the
SARS-CoV-2 diagnostic facility of the Hospital Pederzoli in Peschiera
del Garda (Verona, Italy) from December 2022 to February 2023. Local
routine diagnostic practice entails the collection of a nasopharyngeal
swab from both nostrils (Virus swab UTM Copan, Brescia, Italy), which
is then conveyed to the hospital laboratory, where it is then analyzed in
duplicate using a SARS-CoV-2 antigen and a SARS-CoV-2 molecular test.
SARS-CoV-2 antigen testing was locally performed using SARS-CoV-2
MAG-CLIA, whilst molecular testing was performed using Altona
Diagnostics RealStar SARS-CoV-2 RT-PCR Kit, as previously described.

Statistical analysis

Test results were expressed as median value and interquartile range
(IQR); results of molecular testing were presented as the man Ct value
of the two paired values of the SARS-CoV-2 E and S genes. The statistical
analysis, conducted with Analyse-it (Analyse-it Software Ltd, Leeds,
UK), involved Spearman’s correlation, Mann-Whitney U test, and
calculation of diagnostic accuracy by means of receiver operating
characteristics (ROC) curve analysis. The study was part of locally
approved standard operating procedures (SOPs), using specimens
collected for routine SARS-CoV-2 diagnostic screening and molecular
testing at the local diagnostic facility. Test results were anonymized
before being statistically analyzed. The study was performed in
accordance with the Declaration of Helsinki, under the terms of rele-
vant local legislation, andwas part of broader protocol for establishing
reference ranges of laboratory tests previously cleared by the Ethical
Committee of the Provinces of Verona and Rovigo (971CESC; approved
July 25, 2016).
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Results

The final study population consisted of 181 consecutive
unselected individuals (mean age 61 ± 21 years; 92 females).
A total number of patients 118 (65%) tested positive for
SARS-CoV-2 RNA with molecular testing, 84 (46%) display-
ing a mean Ct value <29.5. The median Ct value in positive
samples was 25.2 (IQR, 21.2–31.5) for SARS-CoV-2 E gene,
24.6 (IQR, 21.0–30.8) for SARS-CoV-2 S gene, and 24.9 (IQR,
21.1–31.2) for the mean of the two SARS-CoV-2 genes. A total
number of 77 patients (43%) “were reactive” (i.e., >25 ng/L)
with SARS-CoV-2 MAG-CLIA, whilst 84 (46%) had quantifiable
(i.e., 4 ng/L) test results with SARS-CoV-2 MAG-CLIA.

A significant correlation was found between Ct values
and N protein concentration measured with MAG-CLIA
SARS-CoV-2 Ag in the RT-PCR positive samples (r=−0.95;
95% CI, −0.97 to −0.93; p<0.001). In ROC curve analysis, the
AUC of MAG-CLIA SARS-CoV-2 Ag was 0.86 (95% CI, 0.81–
0.90) for identifying positive samples and 0.98 (95% CI,
0.96–1.00) for detecting those with high viral load
(i.e., mean Ct value <29.5). At the 25.0 ng/L cutoff recom-
mended by the manufacturer, the accuracy was 77.4%
(95% CI, 70.1–83.2%), the sensitivity was 0.65 (95% CI, 0.56
to 0.74), the specificity was 1.00 (95% CI, 0.94–1.00), the
negative predictive value (NPV) was 0.61 (95% CI, 0.54–
0.63) and the positive predictive value (PPV) was 1.00 (95%
CI, 1.00–1.00). The best cutoff calculated from the ROC
curve analysis was 7.0 ng/L, associated with 81.2% (95% CI,
74.8–86.7%) accuracy, 0.71 (95% CI, 0.62–0.79) sensitivity,
1.00 (95% CI, 0.91–1.00) specificity, 0.65 (95% CI, 0.58–0.71)
NPV and 1.00 (95% CI, 1.00–1.00) PPV for identifying
SARS-CoV-2 positive samples (Figure 1 and Table 1). Sam-
ples with high viral load were also best detected using the
7.0 ng/L cutoff, which was associated with 96.7% (95% CI,
92.9–98.8%) accuracy, 0.96 (95% CI, 0.90–0.99) sensitivity,
0.97 (95% CI, 0.91–0.99) specificity, 0.97 (95% CI, 0.91–0.99)
NPV and 0.96 (95% CI, 0.90–0.99) PPV, respectively
(Figure 1 and Table 1).

Importantly, when SARS-CoV-2 N protein concentration
was replaced with raw instrumental readings (i.e., RLU), the
AUC in all samples increased to 0.94 (95% CI, 0.90–0.97;
p<0.001), enhanced further to 0.99 (95% CI, 0.98–1.00) in
those with high viral load (Figure 1). A RLU value of 945 was
associated with 88.4% (95% CI; 82.8–92.3%) accuracy, 0.85
(95% CI, 0.77–0.91) sensitivity, 0.95 (95% CI, 0.87–0.99) spec-
ificity, 0.77 (95% CI; 0.68–0.84) NPV and 0.97 (95% CI; 0.92–
0.99) PPV for diagnosing acute SARS-CoV-2 infections. A 945
RLU cut-off enabled to identify samples with high viral load
with 1.00 (95% CI, 0.96–1.00) sensitivity and 0.80 (95% CI,
0.71–0.88) specificity.

Discussion

It is now undeniable that the COVID-19 global pandemic
has generated a tremendous impact on many human
domains, principally on health, society and economy. As the
virus continues its worldwide surge, now characterized by
an attenuated pathogenicity due to accumulation of many
mutations in its genome combined with growing immunity
(both natural and vaccine-elicited) [14], the rapid and
accurate identification of people infected by SARS-CoV-2
remains vital, especially of those bearing high viral load in
the upper respiratory tract, who may further contribute to
spread the virus and thus infect themore vulnerable part of
the population, enhancing the risk of a recrudescence of
severe/critical forms of COVID-19 illness as in the earlier
periods of this pandemic.

Antigen immunoassays are a type of COVID-19 test
encompassing the detection of SARS-CoV-2 viral antigens in
respiratory samples, especially nasal, nasopharyngeal and/
or oropharyngeal swabs. Laboratory based SARS-CoV-2
antigen immunoassays are conceptually similar to RDTs,
though the former techniques display higher analytical
and diagnostic sensitivity, which is globally reflected by a
better diagnostic accuracy, as shown by the meta-analysis
recently published by Tapari et al. [15], who evidenced that
the diagnostic sensitivity of RDT-Ag is nearly 10% lower
compared to that of laboratory-based antigen immuno-
assays. In a fast-moving environment, characterized by
unremittent development and commercialization of new
SARS-CoV-2 diagnostic tests, one mainstay before using
such methods in clinical practice is the need to conduct a
preliminary verification and validation of both analytical
and clinical performance, with the aim to verify that
manufacturer’s claims and minimum performance criteria
can be met [16]. To this end, we planned this study for
assessing the clinical performance of the new quantitative
and high-throughput MAG-CLIA SARS-CoV-2 Ag.

Although we certainly failed to reproduce the otherwise
very optimistic diagnostic performance observed by Wang
et al. [10], who reported sensitivity and specificity as high as
0.96 and 0.99 in their study using a 0.64 ng/L cutoff, the global
accuracy of theMAG-CLIA SARS-CoV-2 Agwas actually found
to be comparable to that reported for other similar immu-
noassays [17]. In particular, the sensitivity at the locally
calculated cutoff (i.e., 7.0 ng/L) was very similar to the pooled
sensitivity of other commercial SARS-CoV-2 Ag immunoas-
says (i.e., 0.71 vs. 0.73), whilst the specificity was even better
(i.e., 1.00 vs. 0.98). In samples with high viral load, the
sensitivity was found to be instead much better than that
observed with other similar SARS-CoV-2 Ag immunoassays
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(i.e., 0.96 vs. 0.87), thus making MAG-CLIA SARS-CoV-2 Ag a
very efficient method for identifying subjects with high
viral load, with accuracy comparable to that of other “high-
sensitive” SARS-CoV-2 Ag immunoassays [18, 19]. Nonethe-
less, one important aspect that emerged from this study, is
that whenwe replaced SARS-CoV-2 N protein concentration
with raw instrumental readings (i.e., by using instrumental
RLU), the diagnostic performance of MAG-CLIA SARS-CoV-2
Ag displayed a considerable improvement, with the AUC
increasing to 0.94, the accuracy to 88.4%, the sensitivity to
0.85, the specificity to 0.95, the NPV to 0.77 and the PPV to
0.97, respectively. This is not really surprising, as Wang

et al. found that the LoQ of this immunoassay was 0.4 ng/L,
thus much lower than that reported by themanufacturer in
the Instructions for Use (IFU; i.e., 12 ng/L). Although the best
RLU cutoff that we calculated (i.e., 945) corresponded to an
antigen concentration lying below the reportable range of
the assay (i.e., <4 ng/L), we extrapolated from the calibra-
tion curve that the corresponding SARS-CoV-2 N protein
value could have been around 1.9 ng/L, i.e., twice as low as
the LoB reported by the manufacturer, and nearly 3-fold
higher than the best diagnostic threshold identified by
Wang et al. (i.e., 0.64 ng/L) [10]. To this end, we proffer that
the manufacturer should consider revising its current IFU,

Figure 1: Receiving Operating Characteristic (ROC) curve analyses of SNIBE Maglumi SARS-CoV-2 antigen fully-automated chemiluminescent immu-
noassay for diagnosing acute SARS-CoV-2 infection. 95% CI, 95% confidence interval; AUC, area under the curve.
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broadening the range of reportable values to embrace
lower SARS-CoV-2 N protein concentrations. In keeping
with thefindings ofWang et al. [10], the use of a lower cutoff
is in fact likely to yield improved diagnostic accuracy.
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Table : Diagnostic performance of SNIBE MAG-CLIA SARS-CoV- Ag for
diagnosing acute SARS-CoV- infection, using the . ng/L cutoff.

Samples All samples Samples Ct <.

AUC . (% CI, .–.) . (% CI, .–.)
True positives  

True negatives  

False positives  

False negatives  

Accuracy .% (% CI, .–.%) .% (% CI, .–.%)
Sensitivity . (% CI, .–.) . (% CI, .–.)
Specificity . (% CI, .–.) . (% CI, .–.)
NPV . (% CI, .–.) . (% CI, .–.)
PPV . (% CI, .–.) . (% CI, .–.)

% CI, % confidence interval; AUC, area under the curve; Ct, cycle
threshold; NPV, negative predictive value; PPV, positive predictive value.
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