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A R T I C L E  I N F O A B S T R A C T

Background
Due to the large volume of tests needed in a rela-
tively short time for screening and diagnosing severe 
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection, antigen immunoassays may provide 
a potential supplement to molecular testing. This 
study was aimed to assess the clinical preference of 
DiaSorin LIAISON SARS-CoV-2 Ag chemiluminescence 
immunoassay.

Methods
An upper respiratory specimen was collected in a se-
ries of patients referred to the Laboratory Medicine 
service of Pederzoli Hospital (Peschiera del Garda, 
Verona, Italy) for screening or diagnosis of SARS-CoV-2 
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infection. Nasopharyngeal samples were as-
sayed with DiaSorin LIAISON SARS-CoV-2 Ag test 
and Altona Diagnostics RealStar® SARS-CoV-2 
RT-PCR Kit.

Results
The final study population consisted of 421 pa-
tients (median age, 48 years; 227 women), 301 
(71.5%) with positive result of molecular testing, 
and 126 (29.9%) with cycle threshold (Ct) val-
ues of both E and S genes <29.5, thus reflecting 
higher infectivity. The area under the curve of 
DiaSorin LIAISON SARS-CoV-2 Ag test 0.82 (95% 
CI, 0.79-0.86) for sample positivity and 0.98 for 
higher sample infectivity (95% CI, 0.97 to 0.99). 
The optimal cut-off for sample positivity was 82 
TCID50/mL (0.78 sensitivity, 0.73 specificity and 
77% diagnostic accuracy), whilst that for identi-
fying samples associated with a high infective 
risk was 106 TCID50/mL (0.94 sensitivity, 0.96 
specificity and 95% diagnostic accuracy).

Conclusion
The performance of this chemiluminescence 
immunoassay would not permit it to replace 
molecular testing for diagnosing SARS-CoV-2, 
but may enable rapid and efficient detection of 
subjects with high SARS-CoV-2 viral load, who 
are responsible for the largest proportion of in-
fectious clusters.



INTRODUCTION

Irrespective of the need for timely identifica-
tion, isolation and/or treatment patients with 
active severe acute respiratory coronavirus 2 
(SARS-CoV-2) infection, targeted population 
screening may represent a valuable resource for 
purposes of preventing or containing COVID-19 
outbreaks [1,2]. Recent guidance provided by 
both the World Health Organization (WHO) [3] 
and the Task Force on COVID-19 (coronavirus 

disease 2019) of the International Federation 
of Clinical Chemistry and Laboratory Medicine 
(IFCC) [4] has endorsed the potential usage of 
antigen immunoassays, which are specifically 
designed to detect various SARS-CoV-2 antigens 
(especially those of the nucleocapsid protein) 
in biological materials, mostly nasopharyngeal 
samples and saliva. 

The more clinically valuable and safe applica-
tions of SARS-CoV-2 antigen immunoassays en-
compass the screening of subjects with highly 
suggestive signs or symptoms of infection, those 
entering high risk workplaces or other crowded 
settings (e.g., long term care homes, healthcare 
facilities, schools, airports and stations, fac-
tories, offices and theatres, among others), as 
well as subjects with known exposure to SARS-
CoV-2 infected individuals. In all these cases, a 
positive result of a SARS-CoV-2 antigen immu-
noassay is associated with a higher probability 
of active SARS-CoV-2 infection, whilst a negative 
test result cannot straightforwardly rule out the 
possibility of an ongoing infection characterized 
by low nasopharyngeal and/or saliva viral load 
[3-5]. This aspect has hence persuaded both 
the WHO and the IFCC Task Force on COVID-19 
to emphasize the importance of the diagnostic 
performance characteristics in assay selection, 
thus recommending the use of SARS-CoV-2 an-
tigen immunoassays with high specificity (i.e., 
preferably ≥0.97) and acceptable sensitivity 
(i.e., advisably ≥0.80). 

Besides the vast array of the so-called antigen 
rapid detection tests (Ag-RDTs) currently avail-
able on the diagnostic market, as recently re-
viewed by the Cochrane COVID-19 Diagnostic 
Test Accuracy Group [6], some immunoassays 
fully suited for central laboratory automation 
are becoming increasingly available by the in 
vitro diagnostic industry. There are many po-
tential advantages to these tests compared to 
Ag-RDTs, thus including higher analytical sensi-
tivity, generation of quantitative results, larger 
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throughput and possibility of full interface with 
the laboratory information system (LIS), thus 
enabling to permanently store test results for 
longitudinal patient monitoring and/or for guid-
ing clinical decision making, since higher viral 
loads have been convincingly associated with 
enhanced risk of clinical deterioration and/or 
development of severe/critical illness in patient 
with COVID-19 [7]. Therefore, this study was 
aimed to assess the clinical performance of the 
novel DiaSorin LIAISON SARS-CoV-2 Ag chemilu-
minescence immunoassay.

MATERIALS AND METHODS

Study population

The study population included a series of patients 
referred to the Laboratory Medicine service 
of the Pederzoli Hospital (Peschiera del Garda, 
Verona, Italy) between March 29 and April 18, 
2021, for diagnosis or screening of SARS-CoV-2 
infection. An upper respiratory specimen (Virus 
swab UTM™, Copan, Brescia, Italy) was collected 
upon hospital admission from each patient by a 
skilled healthcare operator and was then used 
for both SARS-CoV-2 antigen and molecular test-
ing. All specimens were analyzed within 1 hour 
from collection.

DiaSorin LIAISON SARS-CoV-2 Ag

The novel DiaSorin LIAISON SARS-CoV-2 Ag 
(DiaSorin, Saluggia, Italy) is a fully-automated 
chemiluminescence immunoassay developed 
for quantitative assessment of SARS-CoV-2 nu-
cleocapsid (N) antigen protein in nasal or naso-
pharyngeal swabs eluted in universal transport 
medium (UTM) or viral transport media (VTM). 
According to the manufacturer, the target usage 
of the assay should be when reference molecu-
lar tests are unavailable, when the long turn-
around time of molecular testing may preclude 
timely patient management, as well as for per-
mitting to analyze large volumes of specimens 

during outbreaks and/or for screening asymp-
tomatic people with the purpose of identifying 
potential SARS-CoV-2 (super)spreaders. 

Briefly, anti-SARS-CoV-2 nucleocapsid rabbit 
polyclonal antibodies are coated onto magnetic 
particles linked with an isoluminol derivative. 
During a first incubation step, the nucleocapsid 
antigen eventually present in the test sample 
binds to the conjugate. After a subsequent in-
cubation, the solid phase reacts with viral anti-
gens bound to the conjugate, and the unbound 
material is then removed by washing. The start-
er reagents are then added, triggering a flash 
chemiluminescence reaction, whose light signal 
is proportional to the concentration of SARS-
CoV-2 nucleocapsid antigen present in the test 
sample. 

According to the manufacturer’s declaration, 
the time to first test result performed on the 
fully automated chemiluminescence analyzer 
LIAISON® XL (DiaSorin, Saluggia, Italy) is 42 min, 
the throughput is 136 tests/hour, the analyti-
cal sensitivity is 22 TCID50/mL, the upper limit 
of quantitation is 100,000 TCID50/mL, whilst 
the total imprecision ranges between 2.9% to 
18.4%. The values of the local total imprecision, 
calculated on daily performance of quality con-
trols, were almost overlapping.

Altona Diagnostics SARS-CoV-2 
molecular testing

Altona Diagnostics RealStar® SARS-CoV-2 RT-
PCR Kit (Altona Diagnostics GmbH, Hamburg, 
Germany) is a real-time reverse transcription 
polymerase chain reaction (rRT-PCR) assay for 
detecting SARS-CoV-2 RNA in a vast array of 
clinical specimens, including nasopharyngeal 
swabs. This technique entails two separate am-
plification and detection steps of SARS-CoV-2 
genes, the first targeting the E gene sequence 
and the second the S gene. The test also uses 
a set of probes and primers for amplifying an 
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internal control, aimed at sorting out possible 
rRT-PCR inhibition. The assay was perfumed us-
ing a Bio-Rad CFX96™ Deep Well Dx Real-Time 
PCR Detection System (Bio-Rad Laboratories, 
Hercules, CA, USA). Test results were report-
ed both as quantitative and qualitative meas-
ures. In the former case, results were provided 
as cycle threshold (Ct) value of both E and S 
genes, whilst qualitative data were reported 
as positive/negative at test cut-off (i.e., Ct <45 
or ≥45) or at the infectivity threshold defined 
Gniazdowski et al. (i.e., Ct <29.5 or ≥29.5) [8]. 
The assay has a total run time of around 2-3 
hours.

Statistical analysis

The diagnostic efficiency of DiaSorin LIAISON 
SARS-CoV-2 Ag was assessed by comparing test 
results with those obtained with molecular test-
ing, using Spearman’s correlation, by construct-
ing receiver operating characteristic (ROC) 
curves, and calculating the diagnostic accuracy, 
sensitivity and specificity at the two diagnostic 
thresholds of rRT-PCR positivity (i.e., Ct value 
<45) and association with potential infectivity 
(i.e., Ct value <29.5).

Statistical analysis was performed with Analyse-
it software (Analyse-it Software Ltd, Leeds, UK). 
Quantitative data were reported as median 
mean and interquartile range (IQR). 

The investigation was performed as part of 
routine clinical laboratory operations, using 
pre-existing specimens collected for systematic 
SARS-CoV-2 diagnostic screening and testing at 
the local facility, and thereby patient informed 
consent and Ethical Committee approval were 
unnecessary.

All test results were anonymized prior to statis-
tical analysis. The study was conducted in accor-
dance with the Declaration of Helsinki, under 
the terms of relevant local legislation.

RESULTS

The final study population consisted of 421 
patients (median age, 48 years and IQR, 31-59 
years; 227 women, 53.9%), 301 (71.5%) with 
positive result of rRT-PCR (i.e., Ct values of both 
E and S genes <45), and 126 (29.9%) with Ct 
values of both E and S genes <29.5, thus reflect-
ing potential association with higher infectivity 
according to Gniazdowski et al. [8]. In the 301 
rRT-PCR positive samples, the Spearman’s cor-
relation between antigen concentration and Ct 
values of the E and S gene was r = -0.85 (95% CI, 
-0.88 to -0.82; p<0.001) and r = -0.84 (95% CI, 
-0.87 and -0.81; p<0.001), respectively. 

The distribution of DiaSorin LIAISON SARS-
CoV-2 Ag values in nasopharyngeal samples 
with Ct values above or below the diagnostic 
thresholds of rRT-PCR positivity or association 
with higher infectivity is shown in figure 1. The 
median values in rRT-PCR positive samples was 
94.8 (IQR, 82.9-1466.9) TCID50/mL compared to 
78.2 (IQR, 75.2-84.2) TCID50/mL in those testing 
negative (i.e., Ct values >45; p<0.001), whilst 
that in samples associated with high infectivity 
risk was 3819.1 (IQR, 198.6-28061.3) TCID50/mL 
compared to 82.0 (IQR, 76.7-88.4) TCID50/mL in 
those with lower infectivity risk (i.e., Ct values 
>29.5; p<0.001).

The diagnostic performance of the DiaSorin 
LIAISON SARS-CoV-2 Ag immunoassay versus 
molecular testing is shown in figure 2. Briefly, 
the area under the ROC curve (AUC) for rRT-PCR 
positivity and association with potential infec-
tivity was 0.82 (95% CI, 0.79-0.86; p<0.001) and 
0.98 (95% CI, 0.97 to 0.99; p<0.001), respec-
tively. The optimal cut-off for identifying rRT-
PCR positivity was 82 TCID50/mL, which was as-
sociated with 0.78 sensitivity (95% CI, 0.73 to 
0.83), 0.73 specificity (95% CI; 0.64 to 0.80) and 
77% diagnostic accuracy (95% CI, 73 to 81%). 
For comparison, the 200 TCID50/mL cut-off 
suggested by the manufacturer was associated 
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with 0.31 sensitivity (95% CI, 0.25 to 0.36), 1.00 
specificity (95% CI; 0.97 to 1.00) and 50% diag-
nostic accuracy (95% CI, 45 to 55%), whilst the 
100 TCID50/mL cut-off suggested by Häuser et al 
[9] was associated with 0.45 sensitivity (95% CI, 
0.39-0.51), 0.99 specificity (95% CI, 0.95-1.00) 
and 61% accuracy (95% CI, 56 to 65%). The op-
timal cut-off for identifying samples with higher 
risk of infectivity, which may hence characterize 
the so-called super-spreaders, was 106 TCID50/
mL, which was associated with 0.94 sensitivity 
(95% CI, 0.88 to 0.98), 0.96 specificity (95% CI; 

0.93 to 0.98) and 95% diagnostic accuracy (95% 
CI, 93 to 97%).

DISCUSSION

The impact of SARS-CoV-2 diagnostics on labo-
ratory medicine, requiring the expedient im-
plementation of rapid and accurate diagnostic 
techniques for decision making regarding pa-
tient diagnosis, isolation, and/or treatment, 
has been so dramatic that it has been defined 
more or less as an “Armageddon” in the pages 
of this journal [10]. In fact, it is unquestionable 

Figure 1 Test results (median and interquartile range) of  DiaSorin LIAISON SARS-
CoV-2 Ag chemiluminescence immunoassay in nasopharyngeal samples 
positive at molecular testing (i.e., cycle threshold values of  both SARS-
CoV-2 S and E genes <45), and in nasopharyngeal specimens associated 
with higher infectious risk (i.e., cycle threshold values of  both SARS-CoV-2 
S and E genes <29.5).
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Figure 2 Receiver operating characteristic (ROC) curve of  DiaSorin LIAISON 
SARS-CoV-2 Ag chemiluminescence immunoassay for: 
(a) identifying positive nasopharyngeal samples at molecular testing 
(i.e., cycle threshold values of  both SARS-CoV-2 S and E genes <45); or 
(b) discriminating nasopharyngeal specimens associated with higher 
infectious risk (i.e., cycle threshold values of  both SARS-CoV-2 S 
and E genes <29.5).

(a)

(b)
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that many diagnostic facilities have virtually col-
lapsed, and many others are still struggling with 
ongoing shortages of human and analytical re-
sources, as recently underpinned by the results 
of a global survey promoted by the American 
Association of Clinical Chemistry [11]. In this 
rapidly evolving situation, the availability of 
high throughput and accurate techniques for 
screening and/or diagnosing SARS-CoV-2 infec-
tions, especially for identifying the so-called su-
per-spreaders, a limited number of persons but 
among which nearly 90% of the viral particles 
circulating in the community are carried [12], 
should be regarded as a top priority. The use of 
rapid and high throughput SARS-CoV-2 antigen 
immunoassays has been proposed as a poten-
tial solution to this urgent matter, provided that 
their clinical performance are validated in real-
life scenarios.

The results of our clinical assessment of the 
novel DiaSorin LIAISON SARS-CoV-2 Ag chemi-
luminescence immunoassay suggest that this 
technique has excellent performance for de-
tecting nasopharyngeal samples with high viral 
load (i.e., Ct values <29.5), though its cumu-
lative sensitivity appears considerably lower 
when all specimens are considered. These re-
sults are well-aligned with those recently pre-
sented by Häuser and colleagues [9]. Briefly, 
these authors also found that when applying 
the manufacturer-recommended cut-off of 200 
TCID50/mL, the specificity was 1.00, as in our 
cohort, however, the diagnostic sensitivity was 
only 0.40, which is very similar to the 0.31 sen-
sitivity that we found in our study. When the 
cut-off was lowered to 100 TCID50/mL, Häuser 
et al. found the sensitivity increased to 0.50 
while only marginally decreasing the specific-
ity to 0.98. Interestingly, these values are very 
similar to those found in our study using that 
same diagnostic threshold (i.e., 0.45 sensitivity 
and 0.99 specificity, respectively). Nonetheless, 
in our cohort, the optimal cut-off for identifying 

sample positivity was even lower, 82 TCID50/mL, 
which yielded 0.78 sensitivity, 0.73 specificity 
and 77% diagnostic accuracy.

In a separate investigation, Lefever et al. also eval-
uated the diagnostic performance of DiaSorin 
LIAISON SARS-CoV-2 Ag immunoassay versus a 
reference NAAT [13], reporting 0.68 sensitivity 
and 1.00 specificity at the 200 TCID50/mL manu-
facturer’s cut-off. Regardless of which cut-off is 
used, both our data and previously reported data 
[9,13] would hence suggest that the diagnostic 
accuracy of this chemiluminescence immuno-
assay appears still insufficient to completely 
replace NAAT as the reference technique for di-
agnosing SARS-CoV-2 infection, since neither in 
our cohort or in previous studies, the minimum 
required sensitivity recommended by the WHO 
and the IFCC Task Force on COVID-19 (i.e., ≥0.80) 
could be reached. 

That said, the diagnostic performance of DiaSorin 
LIAISON SARS-CoV-2 Ag for identifying samples 
associated with higher infectivity (i.e., with Ct 
values <29.5) was excellent, exhibiting an AUC of 
0.98, and displaying 0.94 sensitivity, 0.96 spec-
ificity and 95% diagnostic accuracy at the 106 
TCID50/mL cut-off. These values are aligned to, or 
even better than the minimum performance re-
quirements currently recommended by both the 
WHO and the IFCC Task Force on COVID-19 [3,4].

Importantly, the data published by Lefever and 
colleagues are consistent with our findings, since 
they also found 0.83 sensitivity in nasopharyn-
geal specimens with a high and potentially in-
fective SARS-CoV-2 viral load (i.e., Ct values of N 
gene <30) [13]. This would imply that this fully-
automated chemiluminescence antigen immu-
noassay could be especially suited, and thereby 
reliably used, for rapidly and efficiently detect-
ing subjects bearing high SARS-CoV-2 viral load 
(i.e., the so-called super-spreaders), who are 
responsible for the vast majority of infectious 
clusters [14,15].
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