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Abstract: COVID-19 pandemic is a dramatic health, social and economic global challenge. There
is urgent need to maximize testing capacity. Rapid Antigen Tests (RAT) represent good candidates
for point-of-care and mass surveillance testing to rapidly identify SARS-CoV-2-infected people,
counterbalancing lower sensitivity vs. gold standard molecular tests with fast results and possible
recurrent testing. We describe the results obtained with the testing algorithm implemented at points
of entry (airports and ports) in the Lazio Region (Italy), using the STANDARD F COVID-19 Antigen
Fluorescence ImmunoAssay (FIA), followed by molecular confirmation of FIA-positive samples.
From mid-August to mid-October 2020, 73,643 RAT were reported to the Regional Surveillance
Information System for travelers at points of entry in Lazio Region. Of these, 1176 (1.6%) were
FIA-positive, and the proportion of RT-PCR-confirmed samples was 40.5%. Our data show that
the probability of confirmation was directly dependent from the semi-quantitative FIA results. In
addition, the molecularly confirmed samples were those with high levels of virus and that were
actually harboring infectious virus. These results support public health strategies based on early mass
screening campaigns by RAT in settings where molecular testing is not feasible or easily accessible,
such as points of entry. This approach would contribute to promptly controlling viral spread through
travel, which is now of particular concern due to the spread of SARS-CoV-2 variants.
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1. Introduction

As of 11th February 2021, the COVID-19 pandemic is continuing to spread worldwide,
accounting for a total of over 106,991,090 cases and 2,347,015 deaths, with high impact
on healthcare systems and devastating global socio-economic consequences [1]. With
COVID-19 cases accelerating towards a second wave for many countries and a further
overburden on health care systems and laboratories, there is an urgent need to expand
testing capacity, in order to quickly identify as many SARS-CoV-2-positive persons as
possible in order to control infection transmission [2–4].

The nucleic acid amplification test (NAAT) is the gold standard for the diagnosis of
SARS-CoV-2 infection; however, it is laborious, expensive, and faces the challenge of a
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shortage of reagent supplies [4–6]. Rapid antigen tests (RAT) represent a good option for
mass testing and for rapidly capturing individuals that are potentially more infectious,
especially in decentralized settings, or in those scenarios where molecular testing is not
feasible or easily accessible. In fact, despite their lower sensitivity, they are able to identify
current infections during the most contagious phase and are faster, simpler-to-use, and less
expensive than NAAT [7,8]. Overall, these tests can ultimately help to relieve the pressure
on healthcare systems and support public health strategies to control virus spread. The
variability of the clinical performance is one of the limiting factors of RAT [7,9]; however,
their use may be of a greater benefit when compared to the risks associated with no testing,
especially for effective and sustainable surveillance regimens [3,10]. The global request
for ‘test, test, test’ has increased the attention and expectations directed toward these tools.
Debate is ongoing among international public health agencies and national authorities to
define the most reliable way to exploit RAT [5,11,12]. As a matter of fact, the manner in
which to incorporate RAT in diagnostic algorithms and in public health strategies is the
primary aspect that needs to be addressed in order to balance the benefits and limitations
of these tests.

Here, we describe the preliminary data from our experience in implementing RAT at
points of entry (PoE) in Rome, Italy, between 17th of August to 15th of October 2020.

2. Materials and Methods

In August 2020, following the end of the national lockdown, the re-opening of bor-
ders and the intensification of citizen travels due to summer holidays, Italian authorities
strengthened border surveillance [13]. Therefore, on 17th of August, in the Lazio region,
on-site screening by SARS-CoV-2 RAT was implemented at the international airports in
Rome (“Leonardo da Vinci International Airport”, Fiumicino, and “Ciampino–G. B. Pastine
International Airport”, Ciampino), and at the port of Civitavecchia (Rome) for those ships
returning from the Sardinia region, for travelers returning from high-incidence foreign
countries, as well as from the Sardinia region (Italy). Antigenic testing was voluntary, and
the sample collection and RAT execution was performed by trained health care workers
deployed at the PoE (Regional Special Unit for Community Health Care, USCAR). The
RAT used was the STANDARD F COVID-19 Ag Fluorescence ImmunoAssay (FIA, SD
Biosensor, Suwon, Korea). This test detects viral nucleoprotein (N) directly from nasopha-
ryngeal swab (NPS); the interpretation of results is performed after 30 min incubation
using an automatic fluorescence reader (STANDARD F100, SD Biosensor, Suwon, Korea)
that gives a cut-off index (COI) as measure of fluorescence signal detected in relation to
the presence of viral antigen; COI ≥ 1 is interpreted as positive for the SARS-CoV-2 N
antigen. Based on the sensitivity and specificity of this assay, established on a preliminary
validation study [14], assuming 1% prevalence, positive and negative predictive values
(PPV and NPV) of this test were estimated to be 23.3% (95% CI: 10.1–45.0) and 99.5%
(95% CI: 99.4–99.6), respectively. Based on this assumption, the adopted algorithm was to
confirm only RAT-positive results. For NAAT confirmation, a second NPS was collected
in UTM medium (COPAN, Murrieta, CA, USA.) immediately after the RAT results and
readily sent to the Laboratory of Virology of the National Institute for Infectious Diseases
“L. Spallanzani” (INMI). Different Real-Time RT-PCR (RT-PCR) platforms available for
the routine COVID-19 diagnosis (DiaSorin Simplexa® COVID-19 Direct, DiaSorin, Salug-
gia, Italy; Roche Diagnostics Cobas® SARS-CoV-2, Roche, Basilea, Switzerland; Abbott
RealTime SARS-CoV-2, Abbott, Des Plaines, IL, USA) were used as molecular confirma-
tory tests. In the case of negativity by RAT, appropriate communication regarding the
mandatory caution in the interpretation of the results was adopted, including recommen-
dation of continued use of transmission prevention measures, such as mask wearing and
social distancing. Virus culture was performed in BSL-3 laboratory on selected RT-PCR
confirmed samples, using Vero E6 cell line, as previously described [15]. Results of each
RAT were recorded at the testing site through an electronic register and, subsequently,
uploaded to the Regional Surveillance Information System established by the regional
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health authority. Anonymized data were extracted and analyzed using STATA 14 statistical
software. Laboratory data (SARS-CoV-2 RT-PCR results) were recorded on the Laboratory
Information System in use at the Laboratory of Virology of INMI; when available, COI
values obtained from the RAT reader at the testing site were matched with the results
of molecular tests used for laboratory confirmation. For comparison between COI and
viral RNA level, only samples tested with molecular platforms addressing ORF1 as viral
genome target were used, in order to allow homogeneity of RT-PCR results. SARS-CoV-2
RNA copies number used for correlation analysis between COI and viral RNA load, was
inferred by extrapolation, using serial dilutions of a SARS-CoV-2 isolate (2019nCoV/Italy
INMI1, GISAID accession number EPI_ISL_410546) quantified on the basis of a standard
curve for SARS-CoV-2 E gene. Spearman correlation test was performed using GraphPad
Prism version 8.00 (GraphPad Software, San Diego, CA, USA). ROC curve analysis and
PPV/NPV were calculated using the MedCalc statistical software (MedCalc Software Ltd.,
Ostend, Belgium).

3. Results

From the 17th of August to 15th of October 2020, a total of 73,643 RAT, performed on
travelers at the PoE, were reported to the Regional Surveillance Information System. Of
these, 72,467 were FIA-negative, while 1176 (1.6%) were positive. On the Regional Surveil-
lance Information System, matched NAAT confirmation results were available for 941 of
the 1176 RAT positive samples, resulting in 381 (40.5%) RT-PCR positive confirmations.
The proportion of RAT confirmed results by NAAT was well within the 95% CI of the
expected proportion, on the basis of the PPV calculated for 1% prevalence [14].

The analysis of the semi-quantitative data from the tools employed in this study was
performed on a sub-set (n = 603) of samples from subjects tested positive by RAT with
available COI values (Figure 1).
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Table 1. Percentage of confirmed FIA-positive results by SARS-CoV-2 RT-PCR according to the COI
values (n = 603, as in yellow box of Figure 1).

COI RT-PCR Positive/N (% TP) % FP by FIA

≥1 207/603 (34.3%) 65.7%
≥3 186/228 (81.6%) 18.4%
≥5 175/188 (93.1%) 6.9%
≥8 159/165 (96.4%) 3.6%
≥10 152/154 (98.7%) 1.3%
≥15 138/139 (99.3%) 0.7%
≥20 127/127 (100%) 0.0%

Abbreviation: COI, cut-off index; TP, true positive; FP, false positive.
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The COI range of this sub-set was 1.01–87.7. Of these samples, 207 (34.3%) were
confirmed to be positive by SARS-COV-2 RT-PCR. For 125 samples, both Ct ORF1 and COI
values were available. The median Ct value was 19.8 (range 11.1–34), corresponding to high
viral loads in NPS which are potentially more infectious [5]. Viral culture on VERO E6 cells
was attempted on 10 of these NPS were positive by RAT and confirmed by SARS-COV-2
RT-PCR (Ct range: 11.4–19.1); replication-competent virus was recovered from all of these
samples, supporting the potential for SARS-CoV-2 transmission. In addition, a significant
correlation (r = −0.60; p < 0.0001) was observed between the Ct values, which are surrogate
markers of viral load (lower Ct value corresponds to high viral load), and COI values
resulted from the RAT, which represent the extent of the antigen detection. As a matter
of fact, in Figure 2, the correlation between COI values and RNA copy number, inferred
from a standard curve based on a virus preparation with known RNA copy content, is
shown, perfectly overlapping with the correlation coefficient obtained with Ct values. No
significant correlation was instead found when the analysis was restricted to samples with
low (below 3) COI values (r = 0.1, p = 0.71).

In fact, the median COI value of the RAT not confirmed by SARS-CoV-2 RT-PCR
(n = 397) was very low (1.4, range: 1.0–15.0). We then stratified the RT-PCR result confir-
mation rate according to the COI obtained by RAT. As shown in Table 1, the percentage
of confirmed RAT results was strongly dependent on the COI value, ranging from 81.6%
when the COI threshold was set at 3 to 100% when the COI threshold was set at 20.

More precisely, positive RAT with COI ≥ 10 were confirmed in 98.7% of cases with
only 1.3% of RAT false positive results, while lower cut-off showed higher percentage of
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RAT false positivity. This is confirmed also by the ROC analysis performed on the data
from the 603 subjects tested positive by RAT with available COI values (Figure 3). The
area under the ROC curve (AUC) was 0.94 (95% CI: 0.9 to 1.0; p < 0.001); the optimal
criterion obtained with a prevalence of 1% was COI > 15.02 (Sensitivity: 66.7, 95% CI 59.8
to 73.0; Specificity: 100.0, 95% CI 99.1 to 100.0). More conservative COI thresholds may
be established to increase the chance of identifying true SARS-CoV-2 positive samples
with low detrimental effect on specificity (e.g., 10, Sensitivity: 72.9, 95% CI 66.4 to 78.9;
Specificity: 99.5, 95% CI 98.2 to 99.9).
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4. Discussion

In this study, we evaluated the results of the SARS-CoV-2 testing strategy at PoE in
Lazio Region using RAT in order to reduce the risk of importing cases and limit new chains
of transmission. The test was voluntary, and the tool implemented was the STANDARD F
COVID-19 Ag FIA (SD Biosensor, Suwon, Korea), characterized by 30 min until results and
the use of an automatic user-friendly reader that guarantees objective interpretation of the
results. More than 70,000 travelers arriving at airports and port in the Lazio region were
screened by RAT between 17th of August and 15th of October 2020, and a small proportion
(1.6%) tested positive for the SARS-CoV-2 antigen. The proportion of samples confirmed
with RT-PCR was 40.5%, with almost 60% of those being false positives, as is to be expected
in low-prevalence settings [5,12].

As for other RAT, a previous study showed that STANDARD F COVID-19 Ag FIA is
highly specific (98.4%, 95% CI: 96.0% to 99.6%) for SARS–CoV-2 Ag detection in NPS, and
highly sensitive (95.2%, 95% CI: 76.2% to 99.9%) for those samples with Ct values lower
than 25, which are harbored by patients with high viral load, who are more likely to be
expected to be able to transmit the infection [14,16,17]. In our experience, high viral load
values (median Ct value = 19.9) were observed in samples confirmed to be positive by
NAAT. More importantly, our study shows that clinical samples showing positive results
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by RAT and confirmed by NAAT harbor infectious virus. To our knowledge, this is the first
report showing a linear correlation between viral loads in NPS (measured as Ct values)
and extent of viral antigen detection (measured as COI values). As a consequence, the
proportion of RAT samples confirmed by a molecular test was extremely high (98.7%)
in those samples with COI ≥ 10, reaching 100% with COI ≥ 20. This information may
be of assistance for the reliable diagnostic interpretation of this specific tool and may be
useful for a potential reassessment of the diagnostic algorithms of RAT confirmation by
NAAT. In fact, on the basis of the proportion of cases confirmed by NAAT according to
their COI value and according to the overall ROC analysis, a threshold (e.g., COI ≥ 15,
or ≥ 10 as a more conservative cut-off for NAAT confirmation, in order to maximize the
identification of true COVID-19 positive cases) may be established to exempt molecular
testing when the expected confirmation rate exceeds 95%. Following this principle, it is
possible that specific thresholds may also be evaluated for other semi-quantitative RAT,
prompting not only a consequent earlier implementation of public health measures, but
also a potential advantage for the NAAT laboratory workload and demand in terms of
staff effort and reagent supplies, ultimately helping to relieve the pressure on healthcare
systems [3,4,11,16].

A limitation of the present study is that RAT with negative results at PoE did not
undergo RT-PCR testing, so it was not possible to estimate the proportion of PCR-positive
samples missed by RAT. However, in our opinion, though RAT are substantially less
sensitive than NAAT [8], they are worth being integrated into COVID-19 outbreak man-
agement programs, as they may contribute to the prompt isolation of highly infectious
cases who would otherwise be lost. This aspect highlights the role of PoE testing as a
pillar of outbreak control, especially in the current time, when the spread of SARS-CoV-2
variants through travel is raising particular concern worldwide [11,18]. In fact, the use of
RAT may be particularly advantageous to the early minimization of the risk of the virus
spreading, especially when and where there is no immediate access to RT-PCR testing,
or where this cannot be feasible, such as for mass and frequent testing or in certain field
settings. In addition, RAT use could also represent a suitable screening tool for prompt
cluster investigation and in specific cohorts such as asymptomatic contacts of COVID-19
confirmed cases, pauci-symptomatic patients with no epidemiological link, and travelers
with no symptoms [11]. Of course, public-awareness campaigns must also communicate
that a negative RAT does not necessarily implies a clean bill of health, and continued
social distancing and mask wearing needs to be recommended. In addition, negative RAT
results in symptomatic patients should not be considered definitive, and molecular tests are
required for a more reliable diagnostic assessment. Finally, it is necessary to balance clinical
diagnostic performances of the tests, testing sustainability (i.e., cost, staff demand, technol-
ogy and infrastructures, time to results), public health implications, and socio-economic
consequences, which can also derive from delay in diagnostic response [3,19].

5. Conclusions

Our data show that the probability of molecular confirmation of positive results by
STANDARD F COVID-19 Ag FIA is directly dependent from the semi-quantitative data of
this specific RAT, and that the molecularly confirmed samples actually harbor infectious
virus. These results support public health strategies based on early mass screening cam-
paigns, using rapid and simple point-of-care tools, in settings where molecular testing is
not feasible or easily accessible, such as the points of entry. This approach would contribute
to promptly controlling viral spread through travel, which is now of particular concern
due to the emergence of SARS-CoV-2 variants.
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