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Dear Editor,

Rapid antigen detection tests (RADTs) based on immunochro-
matographic assays (ICAs) or fluorescence immunoassays (FIAs)
are now widely used for severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) detection [1-4]. Despite their advan-
tages of speed, lower cost, and simplicity compared to real-time
PCR (RT-PCR), concern has been raised regarding the variable
sensitivities and specificities of RADTs, which range 0%-94%,
making evaluation of RADTs using clinical samples essential [1-
5]. To assess the usefulness of RADTs as a rapid detection tool,
we evaluated an ICA and FIA (STANDARD Q COVID-19 Ag and
STANDARD F COVID-19 Ag, respectively; SD Biosensor Inc.,
Suwon, Korea).

Nasopharyngeal (NP) swabs were collected from 554 patients
with symptoms of COVID-19 and/or a history of contact with con-
firmed COVID-19 patients who visited Gangnam Severance Hos-
pital between July 1 and October 10, 2021. This study was ap-
proved by the Institutional Review Board of Yonsei University
Gangnam Severance Hospital, Seoul, Korea, approved this study
(3-2021-0113) and waived the need for informed consent since
the study was conducted on residual samples. The swabs were
placed in AB Transport Medium (AB MEDICAL, Seoul, Korea)

and tested for SARS-CoV-2 with PowerChek SARS-CoV-2 and
Influenza A&B Multiplex Real-Time PCR Kits (Kogenebiotech
Co., Seoul, Korea). All samples were tested concurrently using
the two RADTs. Among the 554 samples, 219 were PCR-posi-
tive, including 150 from patients reporting any COVID-19-re-
lated symptoms (Table 1), and 335 were PCR-negative, includ-
ing 167 from symptomatic patients. For ICA, a mixture of me-
dium containing NP swabs and extraction buffer was applied to
the solid device and incubated for 15 minutes. The results were
read with the naked eye. For FIA, the fluorescence signals were
measured using STANDARD F2400 (SD Biosensor) and expressed
as cut-off indices (COls). According to the manufacturer, both
RADTs can detect the SARS-CoV-2 nucleocapsid antigen.

Statistical analyses were performed using Analyse-it v5.68
(Analyse-it Software Ltd., Leeds, UK). Numerical values were
summarized as median and range. The sensitivity, specificity,
and 95% confidence intervals (Cls) were calculated. Spearman’s
rank test was applied to calculate correlation coefficients be-
tween results. The area under the receiver operating character-
istic curve (AUC) values were calculated by comparing with the
RT-PCR results.

Among the PCR-positive patients, 150 with any COVID-19—
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Table 1. Results of COVID-19 rapid antigen detection tests according to grouping by real-time PCR Ct values
; STANDARD Q Ag (ICA) STANDARD F Ag (FIA)
PCR results/PCR ORFlab Median Ct % Posttive™ % Posiive™ pi
ene Ct value (1st-3rd quartile) i i 2 I i it SIS
g q Negative, N Positive, N (95% Cl) Negative, N Positive, N (95% Cl)

Positive (N=219) 24.9(19.4-30.6) 76 143 65.3 (58.8-71.3) 72 147 67.1 (60.7-73.0) 0.394
Symptomatic (N=150)* 22.7 (18.4-28.5) 35 115 76.7 (69.3-82.7) 38 112 74.7 (67.2-81.0) 0.317
Asymptomatic (N=69) 21.5(22.5-34.1) 41 28 40.6 (29.8-52.4) 34 35 50.7 (39.2-62.2) 0.052
<20.0 (N=61) 17.8 (16.9-18.5) 0 61 100.0 (94.1-100.0) 0 61 100.0 (94.1-100.0) =

20.0to <25.0 (N=49) 22.0(21.0-233) 1 48 98.0 (89.3-99.6) 2 47 95.9 (86.3-98.9) 0.564
25.0to <30.0 (N=47) 26.7 (25.6-21.5) 14 33 70.2 (56.0-81.3) 14 33 70.2 (56.0-81.3) 1.000
30.0 0 38.0 (N=62) 34.1(32.5-35.2) 61 1 1.6 (0.3-8.6) 56 6 9.7 (4.5-19.5) 0.059
Negative (N=335) = 332 3 0.9(0.3-2.6) 299 36 10.7 (7.9-145)  <0.001
Symptomatic (N=167)* - 166 1 0.6 (0.1-3.3) 147 20 120(79-17.8)  <0.001
Asymptomatic (N=168) - 166 2 1.2(0.3-4.2) 152 16 9.5(5.9-149)  <0.001
Total (N=>554) 408 146 26.4 371 183 33.0 <0.001

*Implies sensitivity of the assay in the PCR-positive groups and ‘1-specificity’ (false-positive rate) in the PCR-negative groups; "McNemar-Mosteller exact test;
‘Includes patients with fever, sore throat, myalgia, any respiratory symptoms, loss of taste or smell, fatigue, headache, and/or gastrointestinal symptoms.
Abbreviations: Ag, antigen; Ct, cycle threshold; ICA, immunochromatographic assay; FIA, fluorescence immunoassay; Cl, confidence interval.
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Fig. 1. Correlation between the results of rapid antigen tests for the detection of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) antigen and the cycle threshold (Ct) values of real-time PCR (RT-PCR). Correlation coefficients were calculated by Spearman’s rank
test. Red triangles represent samples with positive RT-PCR results; and green circles indicate those with negative RT-PCR results. Although
the manufacturer does not recommend semi-quantitative reading of the immunochromatographic assay, the results were classified as fol-
lows for study purposes only: trace, if paler than the control line; 1+, if similar to the control; 2+, if stronger than the control. (A) Correlation
between the results of the immunochromatographic assay and RT-PCR Ct values (Spearman p=-0.848, 95% Cl| -0.870 to -0.822; P<0.001).
(B) Correlation between the results of the fluorescence immunoassay and RT-PCR (Spearman p=-0.583, 95% CI| -0.637 to -0.523; P<
0.001). The yellow line indicates the default cut-off index (1.0) of the fluorescence immunoassay.
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related symptoms showed lower PCR cycle threshold (Ct) values
compared with those of patients without such symptoms (N=
69) (P<0.001). The ICA and FIA showed 65.3%, 67.1% sensi-
tivities and 99.1%, 89.3% specificities, respectively. Both RADTs
showed high sensitivity in groups with Ct<25.0 (Table 1). The
AUC value of the ICA was 0.824 (95% CI 0.792-0.856), which
was higher than that of the FIA at 0.759 (95% CI 0.710-0.809)
(P<0.001). Both RADTSs revealed better sensitivities in symp-
tomatic patients (N=317), with 76.7% sensitivity and 99.4%
specificity for the ICA, and 74.7% sensitivity and 88.0% speci-
ficity for the FIA. In asymptomatic patients (N=237), the ICA
and FIA showed 40.6%, 50.7% sensitivities and 98.8%, 90.5%
specificities, respectively. A significant negative correlation be-
tween RT-PCR Ct values and ICA results or COls from the FIA
was noted (Fig. 1). The results of the two RADTSs also correlated
with each other (Spearman p=0.713, 95% Cl 0.668-0.753;
P<0.001). The weighted kappa coefficient (Kw) between the
qualitative results of the ICA and FIA was 0.755 (95% Cl 0.696—
0.814), demonstrating good agreement.

The two RADTs showed acceptable performance in detecting
SARS-CoV-2, with high sensitivity in samples with Ct<25.0 in
RT-PCR. Since patients with COVID-19-related symptoms tend
to have Ct<25.0, both RADTs can be useful for symptomatic
patients, who presumably have high viral loads and are likely to
be contagious [6-9]. Compared with the FIA, the ICA, which
tends to be simpler and does not require additional equipment,
showed slightly lower sensitivity but significantly higher specific-
ity and AUC values. The FIA showed better sensitivity than the
ICA, which is an important feature of a screening assay. As this
assay provides automated detection of fluorescence signals, less
inter-tester variability is expected [8]. We did not consider the
potential effects of variants of SARS-CoV-2, including Omicron,
on the diagnostic abilities of the RADTs; this suggests the need
for further studies on the effects of variants [10]. We evaluated
both RADTs using NP swab samples; because many RADTs are
intended for self-testing with nasal swabs, our results cannot be
applied to self-test kits’ performance.

In conclusion, these two RADTs could be useful rapid screen-
ing tools, especially when RT-PCR is not readily available. How-
ever, additional PCR tests are required because of the limited
diagnostic performance of RADTs in asymptomatic COVID-19
patients with low viral loads.
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