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Abstract: The rapid diagnosis of SARS-CoV-2 is an essential aspect in the detection and control of
the spread of COVID-19. We evaluated the accuracy of the rapid antigen test (RAT) using samples
from the nasal cavity and nasopharynx based on sample collection timing and viral load. We enrolled
175 patients, of which 71 patients and 104 patients had tested positive and negative, respectively, based
on real time-PCR. Nasal cavity and nasopharyngeal swab samples were tested using STANDARD Q
COVID-19 Ag tests (Q Ag, SD Biosensor, Korea). The sensitivity of the Q Ag test was 77.5% (95%
confidence interval [CI], 67.8-87.2%) for the nasal cavity and 81.7% (95% [CI, 72.7-90.7%) for the
nasopharyngeal specimens. The RAT results showed a substantial agreement between the nasal
cavity and nasopharyngeal specimens (Cohen’s kappa index = 0.78). The sensitivity of the RAT for
nasal cavity specimens exceeded 89% for <5 days after symptom onset (DSO) and 86% for Ct of E and
RARp < 25. The Q Ag test performed fairly well, especially in the early DSO when a high viral load
was present, and the nasal cavity swab can be considered an alternative site for the rapid diagnosis of
COVID-19.
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1. Introduction

Since the initial outbreak in 2019, SARS-CoV-2 has caused the historic COVID-19 pan-
demic and remains an ongoing serious public health concern worldwide. The starting point
for managing the spread of COVID-19 is the rapid and accurate detection of SARS-CoV-2.
The laboratory diagnosis of SARS-CoV-2 is essential for detecting infected patients and
beginning the process of identification, isolation, and tracing to prevent the spread of the
virus within the community. Although the molecular diagnostic method features very
high sensitivity and is regarded as the gold standard of detection, it has some drawbacks:
carryover contamination, the necessity of well-trained technicians, expensive equipment,
and difficulty of implementation in resource-poor countries [1,2]. In particular, it takes
several hours or even a few days to obtain a result from a molecular test, which hampers
immediate response to positive cases [3].

To overcome the limitations of the molecular diagnosis of SARS-CoV-2, multiple
diagnostic methods have been developed and studied, including the rapid antigen test
(RAT) [4,5]. An antigen test is an immunoassay that detects the presence of a specific
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viral antigen, which implies current viral infection. The RAT detects viral antigen using
immobilized coated antibodies specific to SARS-CoV-2 on the device, which react with
samples that are contaminated with SARS-CoV-2 fragment protein (antigen) [6]. RATs are
relatively inexpensive, can be used at the point-of-care, and are time-effective. Most of
the currently authorized tests return results in approximately 15-30 min [7,8]. Even now,
antigen tests are commonly used in the diagnosis of other respiratory pathogens, including
influenza virus and respiratory syncytial virus [9]. Due to its importance for reducing
the burden on molecular diagnostic laboratories, the World Health Organization (WHO)
suggested the potential use of triage tests to rapidly identify SARS-CoV-2 patients to avoid
the cost of high-priced molecular testing and suggested the potential utility of RATs for
diagnosis [10,11]. RATs could be used as effective screening tools in crowded high-risk
areas, such as airport immigration checkpoints, nursing homes, and cultural performance
halls [3].

Furthermore, early detection of SARS-CoV-2 is crucial in the triage of patients with
acute/subacute diseases during the COVID-19 pandemic. Therefore, the application of
RATSs as a rapid detection platform may give an early and rapid diagnosis of COVID-19,
especially for asymptomatic patients with high-risk acute diseases. Early diagnosis of
COVID-19 helps give the best clinical judgment before delivering healthcare, and at the
same time minimize cross-infection of COVID-19 among patients, protect the healthcare
workers from the possibility of cross-infection and maintain the service in the healthcare
center [12,13]. To give an accurate result in detection of SARS-CoV-2, it is essential to find a
safe and reliable diagnostic specimen type. SARS-CoV-2 spreads via respiratory droplets
from an infected person, which is propelled through the air and deposited on the mucous
membranes of the mouth, nose, or eyes of persons who are nearby [14]. Given this fact,
nasopharyngeal or oropharyngeal swab specimens are generally considered the primary
choice as specimens for detection of SARS-CoV-2 and other respiratory viruses [15,16].
However, as naso- and oropharyngeal sampling are uncomfortable and painful, some
patients tend to avoid SARS-CoV-2 testing. In addition, a well-trained expert is required for
the accurate and safe sampling from this area. Therefore, an alternative specimen sampling
site that gives results as good as those from naso- or oropharyngeal specimens and does
not cause pain for patients is desirable as a first step in the diagnosis of COVID-19.

Nasal cavity swabbing refers to the swab sampling of the anterior nasal cavity, which
is bounded anatomically by the nares anteriorly and the hard—soft palate transition posteri-
orly [17]. A nasal cavity swab can be used to collect specimens without extreme pain and
the necessity of experts for sampling [18]. Given that in previous studies, nasal cavity swab
specimens have been reported to be as effective as nasopharyngeal swabs for identifying
influenza and respiratory syncytial virus (RSV), while causing significantly less pain [19,20],
we consider the nasal cavity swab to be considerably practical as an alternative method
of specimen collection for the detection of SARS-CoV-2. In this study, we evaluated the
analytical performance of RATs for the detection of SARS-CoV-2 from nasopharyngeal and
nasal swab specimens. We hypothesized that rapid antigen testing has potential diagnostic
value for SARS-CoV-2 detection and thus can be useful in resource-poor countries with
high SARS-CoV-2 prevalence or in special circumstances of close contact with confirmed
cases. Therefore, we prospectively conducted immunodiagnostic tests with a RAT assay
using specimens from two different sampling locations: nasopharynx and nasal cavity.
Furthermore, we also analyzed the data according to days from symptom onset to sampling
collection (DSO) and the cycle threshold (Ct) values of real-time (RT)-PCR. We also assumed
that the color intensity of the RAT may be correlated with viral numbers; therefore, we
compared Ct values for RT-PCR with the color intensity of the RAT.

2. Materials and Methods
2.1. Subjects

This study was conducted with 71 patients confirmed by RT-PCR to be infected with
SARS-CoV-2 and 104 uninfected controls. A SARS-CoV-2-positive case was defined as
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any patient with a cycle threshold (Ct) value less than 35. Each SARS-CoV-2-infected
patient was admitted to a hospital or institute designated for COVID-19 treatment between
December 2020 and January 2021. These patients were either asymptomatic or mildly
symptomatic. Uninfected controls were selected from patients who were admitted to
Gyeongsang National University Changwon Hospital (GNUCH) for the management of
other diseases during the same period and were screened with RT-PCR before admission.
All participants agreed to this study and submitted their written informed consent. SARS-
CoV-2-positive patients submitted written consent after discharge.

2.2. Sample Collection

Nasal cavity swabbing was carried out by inserting a flocked swab (NFS, Noble
Biosciences, Hwaseung, Korea) into the nostril after blowing the nose to a depth of 1 to
2 cm and rotating three times against the surface of the nasal cavity. Following sample
collection, the swab was put into a sterile conical tube. The nasopharyngeal specimen
was taken from the same nostril to a depth of 5 to 7 cm using a thin, narrow-shaped
flocked swab (NFS-1, Noble Biosciences). These two samples from the nasal cavity and
the nasopharynx were used for the RAT. Another nasopharyngeal specimen was taken
from the other nostril for molecular detection by RT-PCR. This swab was inserted into a
CTM tube (Clinical Transport Medium, Noble Biosciences) with 2 mL of the virus transport
medium (VIM). All specimens were transferred to GNUCH within 2-6 h and stored at
room temperature.

2.3. The Rapid Antigen Test (RAT)

The STANDARD Q COVID-19 Ag test (SD Biosensor, Suwon, Korea), a rapid chromato-
graphic immunoassay for the qualitative detection of specific SARS-CoV-2 nucleocapsid
antigens, was used to detect SARS-CoV-2. The STANDARD Q COVID-19 Ag test, here-
inafter referred as the Q Ag test, was performed following the manufacturer’s instructions.
Briefly, each swab was inserted into a buffer tube and mixed 10 times. After squeezing the
swab to the tube wall, three drops of the reaction mixture were applied to the device. After
15 min, the result was interpreted. The subjective color intensity score was recorded within
a range of 0 (negative) to 21 (very strong) (Figure 1).
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Figure 1. Color intensity scale of the STANDARD Q COVID-19 Ag test (Q Ag) (SD Biosensor, Suwon,
Korea). The color intensities that appeared on the test kits were compared with the color scale and
were recorded within the range of 0 to 21 as negative to very strong, respectively.

2.4. Real-Time Reverse-Transcription Polymerase Chain Reaction (RT-PCR)

A STANDARD M nCoV Real-Time Detection kit (SD Biosensor) was used for detection
by RT-PCR assay of SARS-CoV-2 nucleic acids present in the specimens. The RT-PCR
assay targets 2 highly conserved genes, i.e., envelope gene (E) and RNA-dependent RNA
polymerase gene (RdRp) of SARS-CoV-2. The result was interpreted as positive only if
the Ct values of both target genes were within the cutoff (<35), and negative if they were
outside the cutoff or if there was no amplification.

2.5. Statistical Analysis

Diagnostic performance measures of the Q Ag test, including sensitivity, specificity,
positive predictive value, negative predictive value, false-positive value, false-negative
value, and accuracy, were determined using comparison analysis against results from
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RT-PCR as the gold standard. The difference in sensitivity of the Q Ag test used with
nasopharyngeal swab samples versus nasal cavity swab samples was assessed using
Fisher’s exact test. The agreement of the Q Ag tests between the nasopharyngeal swab and
the nasal cavity swab samples was assessed based on the kappa index. We also performed
sensitivity analyses by restricting COVID-19-positive cases according to DSO (1-4, 5-7, and
>8) and Ct values (Ct < 15, 15 < Ct < 25, 25 < Ct < 35). When no symptoms occurred,
DSO was defined as the days from sample collection to RT-PCR confirmation. The mean
differences in the Ct values for the E and RdRp between negative and positive samples
based on the Q Ag test were assessed using Student’s ¢-test. The correlation of the color
intensity scale values from the Q Ag test with Ct values from RT-PCR was evaluated using
Spearman correlation analysis. A p-value of <0.05 was considered statistically significant.
We performed all statistical analyses using SAS software ver. 9.4 (SAS Institute Inc., Cary,
NC, USA) and R version 3.6.3.

3. Results
3.1. Sensitivity of the Q Ag Test Using Nasopharyngeal Samples

For nasopharyngeal swab samples, the sensitivity of the Q Ag test was 81.7% (95%
confidence interval, CI 72.7-90.7%) based on the RT-PCR results (Table 1). The specificity

and positive predictive value were both 100%, and the negative predictive value was 88.9%
(95% (I, 83.2-94.6%). Overall accuracy was 92.6% (95% CI, 88.7-96.5%).

Table 1. Diagnostic performance of the STANDARD Q COVID-19 Ag test compared to real-time PCR.

Nasopharyngeal Specimen Nasal Cavity Specimen
Diagnostic Performance Value 95% CI Value 95% CI
Sensitivity (%) 81.7 72.7-90.7 77.5 67.8-87.2
Specificity (%) 100.0 100.0-100.0 100.0 100.0-100.0
Positive predicted value (%) 100.0 100.0-100.0 100.0 100.0-100.0
Negative predicted value (%) 88.9 83.2-94.6 86.7 80.6-92.8
False positive value (%) 0.0 0.0-0.0 0.0 0.0-0.0
False negative value (%) 18.3 9.3-27.3 225 12.8-32.3
Accuracy (%) 92.6 88.7-96.5 90.9 86.6-95.1

Abbreviations: CI: confidence interval.

3.2. Sensitivity of the Q Ag Test Using Nasal Cavity Samples

For the nasal cavity swab samples, the sensitivity of the Q Ag test was 77.5% (95%
CI 67.8-87.2%) based on the RT-PCR results. The specificity and positive predictive value
were both 100%, and the negative predictive value was 86.7% (95% CI, 80.6-92.8%). Overall
accuracy was 90.9% (95% CI, 86.6-95.1%) (Table 1).

3.3. Agreement between Tests with the Nasal Cavity and Nasopharyngeal Swabs

The agreement of the Q Ag test results between the nasal cavity and nasopharyngeal
swab samples is presented in Table 2. The Cohen’s kappa index value was 0.78 (95% ClI,
0.60-0.96), indicating substantial agreement between the two types of specimens.
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Table 2. Agreement of STANDARD Q COVID-19 Ag test between the nasal cavity and nasopharyn-
geal specimens.

Nasopharyngeal Specimen

Nasal Cavity Specimen

Positive Negative Total
Positive 54 1 55
Negative 4 12 16
Total 58 13 71

Cohen’s kappa index = 0.78 (95% CI, 0.60-0.96).

3.4. Sensitivity Analysis according to DSO

We performed a sensitivity analysis to assess whether the performance of the Q Ag test
was affected by changes in certain conditions. First, we evaluated the sensitivity of the Q
Ag test by restricting COVID-19-positive cases according to DSO. When DSO was between
1 and 4, the sensitivities of the Q Ag tests using nasopharyngeal and nasal cavity specimens
were 96.4% (95% CI, 89.6-100.0%) and 89.3% (95% CI, 77.8-100.0%), respectively (Table 3).
In restricted subjects with a DSO of 5-7, the sensitivity decreased (for nasopharyngeal:
77.4%, 95% Cl, 62.7-92.1%; for nasal cavity: 74.2%, 95% CI, 58.8-89.6%). When the DSO was
>8, the sensitivity was 58.3% (95% ClI, 30.4-86.2%) for both nasopharyngeal and nasal cavity
samples. No statistical difference in the sensitivity of the Q Ag test between nasopharyngeal
swab samples and nasal cavity swab samples was found (p = 0.82). Nevertheless, our study
showed a significant difference in the sensitivities of the samples that were taken at an
extended number of days after symptom onset (>8 days) compared to those taken earlier
(1-4 days) (p < 0.01).

Table 3. Sensitivities of STANDARD Q COVID-19 Ag test according to time from symptom onset to
sample collection (DSO).

Nasopharyngeal Specimen Nasal Cavity Specimen
DSO N Sensitivity, % 95% CI p* N Sensitivity, % 95% CI p*
Overall 58 81.7 72.7-90.7 55 77.5 67.8-87.2 0.82
1-4 days 27 96.4 89.6-100.0 25 89.3 77.8-100.0
5-7 days 24 774 62.7-92.1 0.11 23 74.2 58.8-89.6 0.12
>8 days 7 58.3 30.4-86.2 <0.01 7 58.3 30.4-86.2 <0.01

* p for comparison between DSO of 5-7 days and >8 days vs. 1-4 days; Abbreviations: N, number of COVID-19 Ag
positives, CI, confidence interval.

3.5. Sensitivity Analysis according to Ct Value

Furthermore, we performed sensitivity analysis by classifying COVID-19 positives ac-
cording to Ct values of the E and RdRp (Table 4). In this analysis, we performed Q Ag testing
using specimens diagnosed as positive by RT-PCR, within which Ct value intervals of E and
RARp were divided into three groups, i.e., Ct < 15, 15 < Ct < 25, and 25 < Ct < 35. The
sensitivity of the Q Ag test for samples with Ct values for the E < 15 was 100% for both
nasopharyngeal and nasal cavity swab specimens. When we restricted positive cases to Ct
values between 15 and 25, the sensitivities of the Q Ag test slightly declined to 95% (95% CI,
88.3-100%) and 87.5% (95% CI, 88.3-100%) for nasopharyngeal and nasal cavity specimens,
respectively. However, the sensitivity of Q Ag test significantly decreased to 26.7% for both
nasopharyngeal and nasal cavity specimens when we restricted the positive cases to Ct
values of the E to 25 < Ct < 35. We also observed a similar pattern when we used the Ct
values of RdRp to restrict COVID-19 cases (data not shown).
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Table 4. Sensitivities of STANDARD Q COVID-19 Ag test according to Ct values for E and RdRp.

Nasopharyngeal Specimen Nasal Cavity Specimen
Ct Value N Sensitivity, % 95% CI p* N Sensitivity, % 95% CI p*
Overall 58 81.7 72.7-90.7 55 77.5 67.8-87.2 0.82
E
Ct<15 16 100.0 100.0-100.0 16 100.0 100.0-100.0
15<Ct<25 38 95.0 88.3-100.0 <0.01 35 87.5 77.3-97.8 0.01
25<Ct <35 4 26.7 4.3-49.1 <0.01 4 26.7 4.3-49.1 <0.01
RdRp
Ct<15 22 100.0 100.0-100.0 21 95.5 86.8-100.0
15 <Ct<25 33 91.7 82.6-100.0 0.06 31 86.1 74.8-97.4 0.07
25 <Ct<35 3 23.1 0.2-46.0 <0.01 3 23.1 0.2-46.0 <0.01
* p for comparison between 15 < Ct < 25 and 25 < Ct < 35 vs. Ct value <15; Abbreviations: N, number of
COVID-19 Ag positives; CI, confidence interval.
3.6. Comparison of Ct Values between Positive and Negative Samples Based on Q Ag Test
The mean (SD) Ct value for the E was 18.5 (5.2) for Q-Ag-positive specimens and 29.2
(4.0) for Q-Ag-negative nasopharyngeal specimens (p < 0.01) (Supplementary Table S1). The
mean (SD) Ct for the E was 18.4 (5.3) for Q-Ag-positive specimens and 27.5 (5.3) for Q-Ag-
negative nasal cavity specimens (p < 0.01). Spearman’s rank coefficient of correlation (rho)
between Q Ag test color intensity and Ct value for the E was —0.876 for nasopharyngeal
and —0.725 for the nasal cavity samples (both p < 0.01). These results suggest that Q Ag test
color intensity and Ct value have a strong negative correlation. When the color intensity
was stronger, the Ct value tended to be lower (Figure 2). Observation of the correlation of
the Q Ag test and Ct values of the RdRp showed similar results as those for the E (data not
shown).
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Figure 2. Spearman’s correlation analysis of the color intensity of the rapid antigen test (0: negative; 1:
very weak; 21: very strong) and Ct values for the E determined by real-time PCR. (a) nasopharyngeal
swab specimens (tho = —0.876, p < 0.01), (b) nasal cavity swab specimens (rtho = —0.725, p < 0.01).

4. Discussion

Before taking the first steps in this study, we had three questions. First, is the RAT
useful for diagnosing COVID-19? Second, is the nasal cavity an optimal site for specimen
collection for RAT? Third, does the color intensity of RAT correlate with viral load? To
answer these questions, we evaluated the performance of the Q Ag test kit, a RAT that has



Diagnostics 2022, 12,710

7 of 11

been widely used in South Korea, using specimens that were taken from the nasopharynx
and the nasal cavity. We also evaluated the correlation between the Ct values from RT-PCR
and the RAT color intensity.

Our study demonstrated that the overall sensitivity of the Q Ag test exceeded 81% and
77% for nasopharyngeal swab and nasal cavity swab specimens, respectively, with a 100%
specificity for both sampling sites. There was no significant difference in the sensitivity
between these two locations (p = 0.82). These values of sensitivities are acceptable according
to the US Food and Drug Administration (FDA) regulations, which mention that an antigen
test should have an at least 80% sensitivity and 98% specificity [21].

The sensitivity and accuracy of RATs have become a topic of discussion that has
triggered numerous studies. One systematic review reported that the overall sensitivity of
RATs was 56.2% (95% CI 29.5-79.8%) [5]. Another comparative analytical study that was
conducted in South Korea using the RATs that were also used in our study (SD Biosensor Q
Ag) showed a sensitivity range of 60.0-71.4% based on the site of sample collection [22], and
17.5% for admitted patients [23]. These reported ranges of sensitivities are low compared
to our results.

This discrepancy in RAT sensitivity may be due to several factors, including differences
in the methods of collection and handling of specimens, DSO, type of assays, disease
severity, or the type of sample used. Previous studies that reported poor performance of
RATSs used stored specimens rather than fresh specimens [6] or did not include specific
information regarding DSO ranges [23]. Meanwhile, in our study, we used fresh swab
specimens, and the DSO was correctly recorded. Although some studies [24,25] have
reported that storage of samples did not affect RAT sensitivity, evidence that storage
conditions affect antigen test sensitivity was recently published [26]. The sensitivity of RAT
declined from 75.3% for fresh specimens to 70.9% for frozen specimens [26]. Therefore,
we expect that accurate timing in the performance of the RAT (i.e., DSO) and the storage
conditions of specimens highly affect RAT sensitivity. Hence, the results of our study,
which demonstrated the relatively higher sensitivity of RATs compared to the studies
mentioned above [5,22,23], are reasonable, as we used fresh specimens and precise timing
for sample collection (within 7 DSO). Moreover, there have also been some studies reporting
a relatively high performance of RAT for the detection of SARS-CoV-2. A study that was
conducted in the Netherlands reported that the overall Q Ag test sensitivity was 84.9%
in a non-hospitalized symptomatic population, which increased to 95.8% for specimens
collected before 8 DSO [27]. From the same study, when the Ct value of the E was <25, the
sensitivity of the RAT increased to 99.1% [27]. Their study showed a better sensitivity than
ours and, most importantly, they included a large population (n = 970). A study from South
Korea also reported that the sensitivity and specificity of Q Ag test reached 89.2% and
96.0%, respectively [28]. In addition, a study on specimens obtained by nasopharyngeal
and oropharyngeal swab demonstrated a clinical sensitivity for RAT of up to 94.7% for
specimens collected within a week of DSO compared with RT-PCR [29].

We noticed that the sensitivity of the Q Ag test was significantly lower in the specimens
that were collected after an extended time (>8 DSO) compared to the specimens that were
collected within 5 DSO. This finding is in accordance with previously reported results
from the Netherlands [27]. The viral load has been reported to reach its peak (108.1 copies)
at 4.3 days after onset and is estimated to decline at rate of 0.17 log10 units per day [30].
Hence, our finding that demonstrated a higher sensitivity of the Q Ag test in the specimens
that were collected before 5 DSO is plausible.

As been reported before, Ct values are inversely related to viral RNA copy number [31].
A lower Ct value implies a high accumulation of viral load. Therefore, we restricted our
evaluation based on the Ct values of the E and RdRp. When the Ct values of both E and RdRp
were less than 25, the sensitivity exceeded 90% for nasopharyngeal specimens and 85% for
nasal cavity specimens. However, when the Ct values were >25, the sensitivity declined to
as low as 26% and 23% for the E and RdRp, respectively. Nevertheless, the overall sensitivity
of the Q Ag test in our study was still higher than previously reported data [22]. We assume
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that this discrepancy is due to the difference in the specimen composition that was used. As
we mentioned above, when the Ct values were >25, we observed a significant decline in the
sensitivity of the Q Ag test. Therefore, when the proportion of specimens with Ct values
>25 was greater, the overall sensitivity was lower. We noticed that only a few patients
(around 7%) had Ct values > 25 in our study, whereas there were 48.1% with these Ct values
in a Korean nationwide surveillance study [22]. Therefore, as demonstrated in our study,
the Q Ag test showed relatively good performance for diagnosis of COVID-19 during early
DSO and when Ct values were <25.

Most studies about RAT sensitivity have used either nasopharyngeal or oropharyngeal
specimens [22,23,27,28]. The specimen collection site is one of the most important factors
that determine the sensitivity and accuracy of diagnosis. Adequate specimen collection
in a virus-rich area with optimal technique is critical for the diagnosis of COVID-19. A
nasopharyngeal swab is highly recommended for collecting specimens for SARS-CoV-
2 testing [32,33]. However, a nasopharyngeal swab has its own disadvantages, such as the
potential to cause discomfort, pain, and even bleeding. In addition, it is essential to have a
specialist to collect specimens from the nasopharynx as they must wear personal protective
equipment. Therefore, a specimen collection method that is easier and causes less pain is
required.

Nasal swabs have been recommended as an alternative specimen collection method
for SARS-CoV-2 detection in symptomatic patients [34]. Acquiring a specimen from the
nasal cavity for diagnosis of COVID-19 is pain-free, compliant, and comfortable; moreover,
self-collection is possible. A previous study demonstrated that the antigen test using the
QuickNavi-COVID19 Ag kit with anterior nasal samples showed 72.5% sensitivity and
100% specificity [35].

In our study, we demonstrated an overall good performance of the Q Ag test in
nasopharyngeal swab specimens (81.7%), and relatively good performance in nasal cavity
swab specimens (77.5%). Given that the sensitivity of the Q Ag test when using a specimen
from the nasal cavity was considerably comparable and acceptable for the detection of
SARS-CoV-2, we conclude that a nasal cavity swab may be a good option as an alternative
specimen collection method for detection of SARS-CoV-2 when nasopharyngeal sampling
is hard to perform due to shortage of resources such as specialized medical personnel or
protection equipment.

Viral load is a crucial factor in determining the sensitivity of RATs [3,6,29,36]. The
sensitivity of the Q Ag test was significantly higher when the Ct values of the E and
RARp were <25. The evaluation of RAT was based on the color intensity that appeared
on the cassette, where the color intensities depend on the amount of SARS-CoV-2 antigen
present in the sample. The distributions of the Q Ag color intensity and Ct values showed
a substantial correlation, especially for nasopharyngeal samples. This finding implies
that the color intensity of the Q Ag test result corresponds with the viral load. When the
viral loads are high (indicated by lower Ct values), the color intensities are stronger. The
correlation between these two parameters is consistent with previously reported results [27],
suggesting that the subjective interpretation of color intensity in rapid antigen testing could
be used as a surrogate indicator to estimate viral load.

The wild-type of SARS-CoV-2 was dominantly detected in South Korea since its
first reported case in January 2020 to early 2021. Given that this study was conducted
on December 2020 to January 2021, only wild-type SARS-CoV-2 was used to evaluate
performance of the Q Ag test. A recent published study reported that RAT showed high
sensitivity to detect most of variant of concerns (VOCs), i.e., alpha, beta, and gamma as
high as wild-type [37]. Therefore, we assumed that the Q Ag test that used in our study may
give an akin result to test other variants of SARS-CoV-2. The differences in the sensitivity of
Q Ag test may occur among variants of SARS-CoV-2 considering the mutations that arises,
however Q Ag test may still give a comparable result for screening of SARS-CoV-2 as the
first step of diagnosis of COVID-19.
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Finally, the sensitivity of RAT may also be affected by the personnel who conduct the
assessment. Even though RAT is relatively easy to perform, specimen collection especially
the one from the nasopharyngeal cavity may become a great challenge for the inexperienced
personnel. An inaccurate sampling procedure due to the lack of experience may result
in false negative, which leads to a lower degree of sensitivity and specificity of the RAT
itself. Therefore, well-trained healthcare personnel become one of the crucial factors that
determines the performance of the RAT. Nonetheless, given that in our study, we also found
that Q Ag test showed a good performance for detection of SARS-CoV-2 from specimens
that were obtained from less difficult sampling sites, i.e., nasal cavity, we expect that the Q
Ag test could be a handy point-of-care testing kit for detection of SARS-CoV-19 that can be
used on daily basis when well-trained healthcare personnel are limited.

5. Conclusions

In conclusion, we confirmed that a relatively high sensitivity was obtained for the
Q Ag test when fresh specimens of DSO < 5 or Ct < 25 were used. RAT could be used
as a screening tool in particular situations, such as highly suspicious contacts or triage
in an emergency department. Moreover, considering that the Q Ag assay provided 100%
specificity in our study as well as in a Korean nationwide surveillance study [22], this RAT
may be a favorable specific detection method for SARS-CoV-2. A high-specificity test will
correctly rule out almost everyone who does not have the disease and will not generate
many false-positive results. False positives should be avoided to prevent unnecessary
additional testing and inappropriate isolation measures.

Furthermore, since the results obtained from the nasal cavity showed comparable
sensitivity to those from nasopharyngeal specimens, the nasal cavity could be carefully
considered an alternative site for sample collection for the diagnosis of COVID-19.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/diagnostics12030710/s1, Table S1: Comparison of Ct values of E
gene and RdRp gene in positives and negatives read of rapid antigen test (RAT) from two different
location of sample collection.

Author Contributions: Conceptualization, S.L. and S.K.; sample collection and experiment, H.-R.Y.;
Statistical analysis, J.J.; writing—original draft, S.L. and K.W.; writing—review and editing, T.K. and
S.K,; supervision and funding acquisition, T.K. and S.K. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was supported by national R&D programs through the National Research
Foundation (NRF) of Korea funded by the Ministry of Science and ICT (MSIT) of Korea (NRF-
2021M3H4A1A02051048, NRF-2021M3E5E3080379, NRF-2021M3E5E3080382, NRF-2021R111A3044483,
and NRF-2018M3A9E2022821), Global Frontier Program through Center for BioNano Health Guard
funded by MSIT of Korea (H-GUARD_2013M3A6B2078950), Technology Development Program
for Biological Hazards Management in Indoor Air through Korea Environment Industry and Tech-
nology Institute (KEITI) funded by the Ministry of Environment (ME) of Korea (2021003370003),
Nanomedical Devices Development Program of National Nano Fab Center (CSM2105M101), and
KRIBB Research Initiative Program (1711401381). The funders had no role in the study design, data
collection, and interpretation, or the decision to submit the work for publication.

Institutional Review Board Statement: This study was approved by the institutional review board
(IRB) of GNUCH (IRB No. 2020-11-021).

Informed Consent Statement: Not applicable.
Data Availability Statement: Data of this study can be available on reasonable request.
Acknowledgments: The authors were indebted to Jeongmi Kim, for her dedication.

Conflicts of Interest: No potential conflict of interest was reported by the authors.


https://www.mdpi.com/article/10.3390/diagnostics12030710/s1
https://www.mdpi.com/article/10.3390/diagnostics12030710/s1

Diagnostics 2022, 12, 710 10 of 11

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Cheng, M.P,; Papenburg, J.; Desjardins, M.; Kanyjilal, S.; Quach, C.; Libman, M.; Dittrich, S.; Yansouni, C.P. Diagnostic testing for
severe acute respiratory syndrome-related coronavirus 2: A narrative review. Ann. Intern. Med. 2020, 172, 726-734. [CrossRef]
[PubMed]

Younes, N.; Al-Sadeq, D.W.; Al-Jighefee, H.; Younes, S.; Al-Jamal, O.; Daas, H.I; Yassine, H.; Nasrallah, G.K. Challenges in
laboratory diagnosis of the novel coronavirus SARS-CoV-2. Viruses 2020, 12, 582. [CrossRef] [PubMed]

Cerutti, F; Burdino, E.; Milia, M.G.; Allice, T.; Gregori, G.; Bruzzone, B.; Ghisetti, V. Urgent need of rapid tests for SARS
CoV-2 antigen detection: Evaluation of the SD-Biosensor antigen test for SARS-CoV-2. J. Clin. Virol. 2020, 132, 104654. [CrossRef]
[PubMed]

May, L.; Tran, N.; Ledeboer, N.A. Point-of-care COVID-19 testing in the emergency department: Current status and future
prospects. Expert Rev. Mol. Diagn. 2021, 21, 1333-1340. [CrossRef]

Dinnes, J.; Deeks, ].J.; Berhane, S.; Taylor, M.; Adriano, A.; Davenport, C.; Dittrich, S.; Emperador, D.; Takwoingi, Y.; Cunningham,
J. Rapid, point-of-care antigen and molecular-based tests for diagnosis of SARS-CoV-2 infection. Cochrane Database Sys. Rev. 2021.
Mak, G.C,; Cheng, PK,; Lau, S.S.; Wong, K.K.; Lau, C.; Lam, E.T.; Chan, R.C.; Tsang, D.N. Evaluation of rapid antigen test for
detection of SARS-CoV-2 virus. J. Clin. Virol. 2020, 129, 104500. [CrossRef]

Peeling, R.W.; Olliaro, P.L.; Boeras, D.I.; Fongwen, N. Scaling up COVID-19 rapid antigen tests: Promises and challenges. Lancet
Infect. Dis. 2021, 21, €290-€295. [CrossRef]

Abusrewil, Z.; Alhudiri, LM.; Kaal, H.H.; El Meshri, S.E.; Ebrahim, FO.; Dalyoum, T.; Efrefer, A.A.; Ibrahim, K.; Elfghi, M.B,;
Abusrewil, S. Time scale performance of rapid antigen testing for SARS-CoV-2: Evaluation of 10 rapid antigen assays. J. Med.
Virol. 2021, 93, 6512-6518. [CrossRef]

Vasoo, S.; Stevens, J.; Singh, K. Rapid antigen tests for diagnosis of pandemic (Swine) influenza A /HIN1. Clin. Infect. Dis. 2009,
49, 1090-1093. [CrossRef] [PubMed]

World Health Organization. Advice on the Use of Point-of-Care Immunodiagnostic Tests for COVID-19. Available online: https://
www.who.int/news-room/commentaries/detail /advice-on-the-use-of-point-of-care-immunodiagnostic-tests-for-covid-19 (ac-
cessed on 3 February 2022).

World Health Organization. Antigen-Detection in the Diagnosis of SARS-CoV-2 Infection Using Rapid Immunoassays: Interim
Guidance. Available online: https://apps.who.int/iris/handle/10665/334253 (accessed on 3 February 2022).

lezzi, R.; Valente, L; Cina, A.; Posa, A.; Contegiacomo, A.; Alexandre, A.; D’Argento, F.; Lozupone, E.; Barone, M.; Giubbolini, F.
Longitudinal study of interventional radiology activity in a large metropolitan Italian tertiary care hospital: How the COVID-
19 pandemic emergency has changed our activity. Eur. Radiol. 2020, 30, 6940-6949. [CrossRef]

Papi, C.; Spagni, G.; Alexandre, A.; Calabresi, P; Della Marca, G.; Broccolini, A. Unprotected stroke management in an
undiagnosed case of Severe Acute Respiratory Syndrome Coronavirus 2 infection. . Stroke Cerebrovasc. Dis. 2020, 29, 104981.
[CrossRef] [PubMed]

Kevadiya, B.D.; Machhi, J.; Herskovitz, J.; Oleynikov, M.D.; Blomberg, W.R.; Bajwa, N.; Soni, D.; Das, S.; Hasan, M.; Patel, M.
Diagnostics for SARS-CoV-2 infections. Nat. Mater. 2021, 20, 593-605. [CrossRef]

Lee, R.A.; Herigon, ].C.; Benedetti, A.; Pollock, N.R.; Denkinger, C.M. Performance of saliva, oropharyngeal swabs, and nasal
swabs for SARS-CoV-2 molecular detection: A systematic review and meta-analysis. ]. Clin. Microbiol. 2021, 59, e02881-20.
[CrossRef] [PubMed]

Heikkinen, T.; Marttila, J.; Salmi, A.A.; Ruuskanen, O. Nasal swab versus nasopharyngeal aspirate for isolation of respiratory
viruses. J. Clin. Microbiol. 2002, 40, 4337-4339. [CrossRef] [PubMed]

See, A.; Toh, S.T. Respiratory sampling for severe acute respiratory syndrome coronavirus 2: An Overview. Head Neck 2020, 42,
1652-1656. [CrossRef]

LeBlanc, J.J.; Heinstein, C.; MacDonald, ].; Pettipas, J.; Hatchette, T.E,; Patriquin, G. A combined oropharyngeal /nares swab is
a suitable alternative to nasopharyngeal swabs for the detection of SARS-CoV-2. |. Clin. Virol. 2020, 128, 104442. [CrossRef]
[PubMed]

Ipp, M.; Carson, S.; Petric, M.; Parkin, P. Rapid painless diagnosis of viral respiratory infection. Arch. Dis. Child. 2002, 86, 372-373.
[CrossRef] [PubMed]

Heikkinen, T; Salmi, A.A.; Ruuskanen, O. Comparative study of nasopharyngeal aspirate and nasal swab specimens for detection
of influenza. Br. Med. ]. 2001, 322, 138. [CrossRef]

Nodell, B. NEJM Paper Is Compendium on Rapid Tests for COVID-19. Available online: https://newsroom.uw.edu/news/nejm-
paper-compendium-rapid-tests-covid-19 (accessed on 21 February 2022).

Lee, J.; Kim, S.Y;; Huh, H].; Kim, N.; Sung, H.; Lee, H.; Roh, K.H.; Kim, T.S.; Hong, K.H. Clinical performance of the standard Q
COVID-19 rapid antigen test and simulation of its real-world application in Korea. Ann. Lab. Med. 2021, 41, 588-592. [CrossRef]
[PubMed]

Oh, S.-M,; Jeong, H.; Chang, E.; Choe, P.G.; Kang, C.K.; Park, W.B.; Kim, T.S.; Kwon, W.Y.; Oh, M.-D.; Kim, N.J. Clinical application
of the standard Q COVID-19 Ag Test for the detection of SARS-CoV-2 infection. J. Korean Med. Sci. 2021, 36, 1-5. [CrossRef]
[PubMed]

Yilmaz Gulec, E.; Cesur, N.P.; Yesilyurt Fazlioglu, G.; Kazezoglu, C. Effect of different storage conditions on COVID-19 RT-PCR
results. J. Med. Virol. 2021, 93, 6575-6581. [CrossRef] [PubMed]


http://doi.org/10.7326/M20-1301
http://www.ncbi.nlm.nih.gov/pubmed/32282894
http://doi.org/10.3390/v12060582
http://www.ncbi.nlm.nih.gov/pubmed/32466458
http://doi.org/10.1016/j.jcv.2020.104654
http://www.ncbi.nlm.nih.gov/pubmed/33053494
http://doi.org/10.1080/14737159.2021.2005582
http://doi.org/10.1016/j.jcv.2020.104500
http://doi.org/10.1016/S1473-3099(21)00048-7
http://doi.org/10.1002/jmv.27186
http://doi.org/10.1086/644743
http://www.ncbi.nlm.nih.gov/pubmed/19725784
https://www.who.int/news-room/commentaries/detail/advice-on-the-use-of-point-of-care-immunodiagnostic-tests-for-covid-19
https://www.who.int/news-room/commentaries/detail/advice-on-the-use-of-point-of-care-immunodiagnostic-tests-for-covid-19
https://apps.who.int/iris/handle/10665/334253
http://doi.org/10.1007/s00330-020-07041-y
http://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104981
http://www.ncbi.nlm.nih.gov/pubmed/32807416
http://doi.org/10.1038/s41563-020-00906-z
http://doi.org/10.1128/JCM.02881-20
http://www.ncbi.nlm.nih.gov/pubmed/33504593
http://doi.org/10.1128/JCM.40.11.4337-4339.2002
http://www.ncbi.nlm.nih.gov/pubmed/12409425
http://doi.org/10.1002/hed.26232
http://doi.org/10.1016/j.jcv.2020.104442
http://www.ncbi.nlm.nih.gov/pubmed/32540034
http://doi.org/10.1136/adc.86.5.372
http://www.ncbi.nlm.nih.gov/pubmed/11970936
http://doi.org/10.1136/bmj.322.7279.138
https://newsroom.uw.edu/news/nejm-paper-compendium-rapid-tests-covid-19
https://newsroom.uw.edu/news/nejm-paper-compendium-rapid-tests-covid-19
http://doi.org/10.3343/alm.2021.41.6.588
http://www.ncbi.nlm.nih.gov/pubmed/34108286
http://doi.org/10.3346/jkms.2021.36.e101
http://www.ncbi.nlm.nih.gov/pubmed/33847084
http://doi.org/10.1002/jmv.27204
http://www.ncbi.nlm.nih.gov/pubmed/34260086

Diagnostics 2022, 12, 710 11 of 11

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Skalina, K.A.; Goldstein, D.; Sulail, J.; Hahm, E.; Narlieva, M.; Szymczak, W.; Fox, A.S. Extended storage of SARS-CoV-
2 nasopharyngeal swabs does not negatively impact results of molecular-based testing across three clinical platforms. J. Clin.
Pathol. 2022, 75, 61-64. [CrossRef] [PubMed]

Parvu, V.; Gary, D.S.; Mann, J; Lin, Y.-C.; Mills, D.; Cooper, L.; Andrews, ].C.; Manabe, Y.C.; Pekosz, A.; Cooper, C.K. Factors
That Influence the Reported Sensitivity of Rapid Antigen Testing for SARS-CoV-2. Front. Microbiol. 2021, 12, 2611. [CrossRef]
[PubMed]

Igloi, Z.; Velzing, ]J.; Van Beek, J.; Van de Vijver, D.; Aron, G.; Ensing, R.; Benschop, K.; Han, W.; Boelsums, T.; Koopmans,
M. Clinical evaluation of Roche SD Biosensor rapid antigen test for SARS-CoV-2 in municipal health service testing site, the
Netherlands. Emerg. Infect. Dis. 2021, 27, 1323. [CrossRef] [PubMed]

Kim, HW.; Park, M.; Lee, ]. H. Clinical Evaluation of the Rapid STANDARD Q COVID-19 Ag Test for the Screening of Severe
Acute Respiratory Syndrome Coronavirus 2. Ann. Lab. Med. 2022, 42, 100-104. [CrossRef] [PubMed]

Porte, L.; Legarraga, P.; Vollrath, V.; Aguilera, X.; Munita, ].M.; Araos, R.; Pizarro, G.; Vial, P; Iruretagoyena, M.; Dittrich, S.
Evaluation of a novel antigen-based rapid detection test for the diagnosis of SARS-CoV-2 in respiratory samples. Int. ]. Infect. Dis.
2020, 99, 328-333. [CrossRef]

Jones, T.C.; Biele, G.; Miithlemann, B.; Veith, T.; Schneider, J.; Beheim-Schwarzbach, ].; Bleicker, T.; Tesch, J.; Schmidt, M.L.; Sander,
L.E. Estimating infectiousness throughout SARS-CoV-2 infection course. Science 2021, 373, eabi5273. [CrossRef]

Aykac, K,; Cura Yayla, B.C.; Ozsurekci, Y.; Evren, K.; Oygar, P.D.; Gurlevik, S.L.; Coskun, T.; Tasci, O.; Demirel Kaya, F; Fidanci, L.
The association of viral load and disease severity in children with COVID-19. ]. Med. Virol. 2021, 93, 3077-3083. [CrossRef]
Mawaddah, A.; Genden, H.S,; Lum, S.G.; Marina, M.B. Upper respiratory tract sampling in COVID-19. Malays. J. Pathol. 2020, 42,
23-35.

Hong, K.H.; Lee, SW.; Kim, T.S.; Huh, HJ; Lee, J.; Kim, S.Y,; Park, J.-S.; Kim, G.J.; Sung, H.; Roh, K.H. Guidelines for laboratory
diagnosis of coronavirus disease 2019 (COVID-19) in Korea. Ann. Lab. Med. 2020, 40, 351-360. [CrossRef]

Hanson, K.E.; Caliendo, A.M.; Arias, C.A.; Englund, J.A.; Lee, M.].; Loeb, M,; Patel, R.; El Alayli, A.; Kalot, M.A; Falck-Ytter, Y.
Infectious Diseases Society of America guidelines on the diagnosis of coronavirus disease 2019. Clin. Infect. Dis. 2020. [CrossRef]
[PubMed]

Takeuchi, Y.; Akashi, Y.; Kato, D.; Kuwahara, M.; Muramatsu, S.; Ueda, A.; Notake, S.; Nakamura, K.; Ishikawa, H.; Suzuki, H.
Diagnostic performance and characteristics of anterior nasal collection for the SARS-CoV-2 antigen test: A prospective study. Sci.
Rep. 2021, 11, 10519. [CrossRef] [PubMed]

Young, S.; Taylor, S.N.; Cammarata, C.L.; Varnado, K.G.; Roger-Dalbert, C.; Montano, A.; Griego-Fullbright, C.; Burgard, C.;
Fernandez, C.; Eckert, K. Clinical evaluation of BD Veritor SARS-CoV-2 point-of-care test performance compared to PCR-based
testing and versus the Sofia 2 SARS Antigen point-of-care test. J. Clin. Microbiol. 2020, 59, €02338-20. [CrossRef] [PubMed]
Bekliz, M.; Adea, K.; Essaidi-Laziosi, M.; Sacks, ].A.; Escadafal, C.; Kaiser, L.; Eckerle, I. SARS-CoV-2 antigen-detecting rapid tests
for the delta variant. Lancet Microbe 2022, 3, €90. [CrossRef]


http://doi.org/10.1136/jclinpath-2020-206738
http://www.ncbi.nlm.nih.gov/pubmed/33144357
http://doi.org/10.3389/fmicb.2021.714242
http://www.ncbi.nlm.nih.gov/pubmed/34675892
http://doi.org/10.3201/eid2705.204688
http://www.ncbi.nlm.nih.gov/pubmed/33724916
http://doi.org/10.3343/alm.2022.42.1.100
http://www.ncbi.nlm.nih.gov/pubmed/34374355
http://doi.org/10.1016/j.ijid.2020.05.098
http://doi.org/10.1126/science.abi5273
http://doi.org/10.1002/jmv.26853
http://doi.org/10.3343/alm.2020.40.5.351
http://doi.org/10.1093/cid/ciaa760
http://www.ncbi.nlm.nih.gov/pubmed/32556191
http://doi.org/10.1038/s41598-021-90026-8
http://www.ncbi.nlm.nih.gov/pubmed/34006975
http://doi.org/10.1128/JCM.02338-20
http://www.ncbi.nlm.nih.gov/pubmed/33023911
http://doi.org/10.1016/S2666-5247(21)00302-5

	Introduction 
	Materials and Methods 
	Subjects 
	Sample Collection 
	The Rapid Antigen Test (RAT) 
	Real-Time Reverse-Transcription Polymerase Chain Reaction (RT-PCR) 
	Statistical Analysis 

	Results 
	Sensitivity of the Q Ag Test Using Nasopharyngeal Samples 
	Sensitivity of the Q Ag Test Using Nasal Cavity Samples 
	Agreement between Tests with the Nasal Cavity and Nasopharyngeal Swabs 
	Sensitivity Analysis according to DSO 
	Sensitivity Analysis according to Ct Value 
	Comparison of Ct Values between Positive and Negative Samples Based on Q Ag Test 

	Discussion 
	Conclusions 
	References

