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A B S T R A C T

A diagnostic algorithm for SARS-CoV-2 infection in patients admitted to the emergency area, based on a
combination of rapid antigen and molecular testing, has been evaluated with 3070 nasopharyngeal swabs.
Compared to molecular test alone, the proposed algorithm allowed to significantly reduce costs and average
time to results.
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The COVID-19 pandemic has been a major stressor for the health-
care system worldwide [1,2]. A prompt and accurate diagnosis is cru-
cial to identify infected individuals and limit the spread of the virus
in healthcare settings, particularly with patients admitted to the
emergency department (ED). In fact, in this setting a delay in releas-
ing results may negatively reflect on time-dependent interventions
and impair the efficient turn-around of patients, while the test accu-
racy is a matter of major concern since false-positive or -negative
results can lead to wrong admission of patients to the COVID-19 or
non-COVID-19 settings and expose healthy patients to a risk of noso-
comial infection.

Viral RNA detection by molecular techniques (e.g., RT-PCR) is the
gold standard for the diagnosis of SARS-CoV-2 infection [3,4]. How-
ever, it is expensive and usually has a time to results (TTR) of several
hours. Rapid molecular tests, such as the Xpert� Xpress SARS-CoV-2
(GeneXpert�, Cepheid, USA) have been released, which may be very
useful for COVID-19 diagnosis in the ED setting. Nevertheless, these
platforms are very expensive and affected by a low processivity.

Recently, a quantitative and fully automated antigen test based on
chemiluminescence enzyme-immunoassay has been launched on the
market [5]. This assay, named Lumipulse�G SARS-CoV-2 Ag (LPG)
(Fujirebio, Japan), is an accurate diagnostic tool for SARS-CoV-2 [6−9].
Nevertheless, using this test, a variable percentage of false-positive
results has been reported [10,11], and a grey zone (between 1.34 and
10.0 pg/mL) has been suggested by theManufacturer.

The present study was aimed at developing a diagnostic algorithm
for the detection of SARS-CoV-2 infection in patients admitted to the
ED, to rapidly assign them to COVID or non-COVID settings.

From April 26 to June 22, 2021, a total of 3070 patients were
admitted to the ED of San Giuseppe Hospital (Azienda USL Toscana
Centro, Italy). These patients were consecutively triaged to assess the
need for time-dependent intervention and the presence of COVID-
19-related symptoms. A nasopharyngeal (NP) sample was obtained
from each patient using swabs collected in 3 mL of PBS (VACUETTE�

Virus Stabilization Tubes, Greiner Bio-One, Austria). Of the 3070 sam-
ples, 411 were immediately analyzed using a molecular-fast (MF)
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Table 1
Summary of the results from testing NP samples from symptomatic (A) and asymptomatic (B) patients. Nonreactive: Ct values ≥40 for both RdRp and Orf8 targets; Reactive: Ct value
of at least 1 target <35; Reactive, low viral load: Ct values between 35 and 40.

Antigenic test result (A) N RT-PCR

Nonreactive Reactive Reactive, low viral load

<1.0 pg/mL 498 488 3 7
1.0 pg/mL ≤ Ag < 50.0 pg/mL 75 54 20 1

≥50.0 pg/mL 63 0 63 0
Total 636 542 86 8

Antigenic test result (B) N RT-PCR

Nonreactive Reactive Reactive, low viral load

<1.0 pg/mL 1879 1879 0 0
1.0 pg/mL ≤ Ag < 50.0 pg/mL 136 122 12 2

≥50.0 pg/mL 8 0 8 0
Total 2023 2001 20 2
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assay (i.e., GeneXpert�) as patients were judged to require a time-
dependent intervention following triage. The remaining 2659 sam-
ples, including 636 from symptomatic and 2023 from asymptomatic
patients, were analyzed with the LPG antigen test, using the Lumi-
pulse 600II automated system, after centrifugation at 5000 g for 50

[9], and were also tested with the SARS-CoV-2 ELITe MGB� RT-PCR
assay (ELITechGroup, France). Statistical analyses were carried out
using the RT-PCR as the reference test for the diagnosis of SARS-CoV-
2 infection (http://vassarstats.net).
Fig. 1. Proposed algorithm for the management of patients in the emergency a
The antigen test detected 71 specimens with a value of
≥50.0 pg/mL, 211 specimens with a value between 1.0 and
<50.0 pg/mL, and 2377 specimens with a value <1.0 pg/mL
(these 2 cut-off values were formally suggested by the Health
Authority of the Tuscan regional Government [12] for interpreta-
tion of results of the LPG antigen test, according to the results of
a large multi-center regional survey). Confirmation by molecular
testing yielded variable results for the different categories
(Table 1).
rea. In brackets is the turn-around time after test started on the analyzer.
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Considering 1.0 pg/mL as a cut-off to discriminate samples posi-
tive for SARS-CoV-2 antigen from negative samples, the overall data
showed a sensitivity of 91.4% (106/116; 95% confidence interval [CI]:
84.3%�95.6%) and a specificity of 93.1% (2367/2543; CI:
92.0%�94.0%). The RT-PCR and antigen test overall agreement was
93.0% (2614/2659 samples). The positive predictive value (PPV) and
negative predictive value (NPV) of LPG resulted 37.6% (106/282; CI:
32.0%�43.6%) and 99.6% (2367/2377; CI: 99.2%�99.8%), respectively.

When data were analyzed separately for symptomatic or non-
symptomatic patients, we observed a PPV and NPV value of 60.9%
(84/138; CI: 52.2%�69.0%) and 98.0% (488/498; CI: 96.2%�99.0%),
respectively, for symptomatic patients, and of 15.3% (22/144; CI:
10.0%�22.4%) and 100.0% (1879/1879; CI: 99.7%�100.0%), respec-
tively, for asymptomatic patients.

When data were analyzed considering an antigen concentration
≥50.0 pg/mL for positivity to increase test specificity, PPV reached
100.0% both in symptomatic (63/63; CI: 93.0%�100.0%) and asymptom-
atic (8/8; CI: 60.0%�100.0%) patients. By contrast, false negative results
slightly increased, particularly in symptomatic patients: NPV was 95.0%
(542/573; CI: 92.3%�96.2%) and 99.3% (2001/2015; CI: 98.8%�99.6%) in
symptomatic and asymptomatic patients, respectively (Table 1).

Altogether, these data suggested that: (1) LPG is a valid diagnostic
assay showing overall high sensitivity and specificity; (2) shifting the
cut-off of the antigen test up to 50.0 pg/mL, might avoid the occur-
rence of false positive results; (3) a grey zone for samples with an
antigen concentration between 1.0 and <50.0 pg/mL should be con-
sidered, confirming them by RT-PCR; (4) the slight decrease of NPV
(95.0% vs 98.0%) observed in symptomatic patients when the cut-off
of the antigen test was 50.0 pg/mL, could be by-passed confirming
negative swabs from these patients by RT-PCR.

In conclusion, since LPG demonstrated good performance com-
pared to RT-PCR, we propose a renewed algorithm for the diagnosis
of SARS-CoV-2 infections of patients from the ED (Fig. 1), which is
intended for patients who do not require time-dependent interven-
tion (the latter are always tested with the MF assay). According to
this algorithm, the quantitative LPG antigen test is initially performed,
and when the sample shows a result ≥50.0 pg/mL, the patient is man-
aged in a COVID path. When sample shows a result between 1.0 and
<50.0 pg/mL (grey zone), the SARS-CoV-2 ELITe MGB� RT-PCR assay
is used as a reflex test and the patient is managed in a COVID or
COVID-free paths based on the molecular test result. Finally, when
sample shows a result <1.0 pg/mL, the asymptomatic patient is
directly managed in a COVID-free path, while the sample from a
symptomatic patient is subjected to confirmatory RT-PCR assay.

Supposing to apply the proposed algorithm to the 2659 ED
patients not requiring a time-dependent intervention, in the absence
of test failures, 73.0% would have received SARS-CoV-2 test results in
»450 while 27.0% in »2100 due to the need for a reflex RT-PCR test
(Supplementary Table 1). With the aim to reduce TTR, we might sup-
pose the use of the MF instead of ELITe MGB� RT-PCR assay as the
reflex test; although hypothesized algorithm would allow significant
savings (»50.0%) compared to MF alone, costs would increase of
»30.0% in comparison to the proposed algorithm (Supplementary
Table 1). Moreover, MF platforms are affected by a low processivity
unless several modules are available, thus inducing an increase in
TTR due to samples waiting to be analyzed.
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