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Abstract

Background: We evaluated the diagnostic performance of the Exdia COVID-19 antigen test
(Exdia Ag; Precision Biosensor Inc., Korea) as a point-of-care (POC) test performed in the
emergency department (ED) for the rapid detection of severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) in comparison with the performance of the Real-Q 2019-nCoV
Detection KIT (Real-Q; BioSewoom, Korea).

Methods: Exdia Ag and Real-Q assays were performed simultaneously for all patients who
were admitted to the ED of Seoul St. Mary's Hospital with or without COVID-19 symptoms
between December 2021 and March 2022.

Results: Among the 2,523 samples analyzed by Real-Q assay, 149 samples (5.9%) showed
positive results, and 2,374 samples showed negative results. The overall sensitivity and
specificity of the Exdia Ag assay were 77.2% (95% confidence interval [CI], 69.6 - 83.7) and
99.8% (95% Cl, 99.6 — 99.9), respectively. The positive and negative predictive values were
96.6% (95% Cl, 91.5 - 98.7) and 98.6% (95% Cl, 98.1 - 98.9), respectively. The cycle threshold
value for 115 concordant Exdia Ag-positive/Real-Q-positive samples was significantly lower
than that for 34 discordant Exdia Ag-negative/Real-Q-positive samples (P < 0.0001).
Conclusion: The Exdia Ag assay showed good diagnostic performance when the disease
prevalence was high and may be useful for POC testing when the rapid detection of SARS-
CoV-2 is required for the isolation of patients in the ED.
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Introduction

As the prevalence of coronavirus disease 2019 (COVID-19) gets higher, sophisticated test strategies
are required in different settings. Although highly sensitive and specific, real-time reverse-transcription
polymerase chain reaction (rRT-PCR) is the reference method for diagnosing COVID-19 [1,2], as it takes
several hours, more rapid diagnostic tests are needed especially in the emergency department (ED). Therefore,
the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) antigen tests have emerged as point-
of-care (POC) testing which provide results within 15 — 30 minutes, leading to timely detection of infectious
patients in the ED [3]. During the COVID-19 pandemic in Korea, early detection, and proper allocation of
COVID-19 patients in ED can be achieved by using POC SARS-CoV-2 antigen test. There were several

Annals of Clinical Microbiology 2022 September Vol.25(3) 73

www.acm.or.kr


https://crossmark.crossref.org/dialog/?doi=10.5145/ACM.2022.25.3.2&domain=pdf&date_stamp=2022-09-20
https://orcid.org/0000-0003-1505-846X
https://doi.org/10.5145/ACM.2022.25.3.2
https://orcid.org/0000-0001-5870-1887
https://orcid.org/0000-0002-6709-7703
https://orcid.org/0000-0003-2182-5821
https://orcid.org/0000-0002-6102-4191
https://orcid.org/0000-0001-5870-915X

In Young Yoo, et al.

reports that the POC SARS-CoV-2 antigen test was implemented in ED to help patients in timely isolation
[4-6]. Here, we evaluated the Exdia COVID-19 antigen test (Exdia Ag; Precision Biosensor Inc., Dagjeon,
Korea) as a POC testing performed in ED compared to the Real-Q 2019-nCoV Detection KIT (Real-Q;
BioSewoom, Seoul, Korea) between December 2021 and March 2022.

Materials and methods

Subjects and technical information

For all patients who admitted to the ED of Seoul St. Mary's Hospital with or without COVID-19
symptoms, we conducted both Exdia Ag and Real-Q assay simultaneously. For each patient, one
nasopharyngeal swab for Exdia Ag assay and both oropharyngeal and nasopharyngeal swabs for Real-Q
assay were collected by trained medical personnel (doctors, nurses, and technicians). For Exdia Ag assay,
nasopharyngeal swab was mixed with the diluent by immersing into the diluent tube. Then, two drops were
delivered to the sample-loading place in the cassette. Then, the cassette was inserted into Exdia TRF Plus
analyzer (Precision Biosensor Inc.) and result was interpreted automatically by the signal reader as positive,
negative, and invalid result (absence of a control line) within 20 minutes. For rRT-PCR, oropharyngeal
and nasopharyngeal swabs were collected in the virus transport medium (VTM; Noble Bio, Hwaseong,
Korea), and RNA extraction was carried out using the NC-15 PLUS (Hanwool TPC, Bucheon, Korea).
The extracted RNA was used for Real-Q assay using the real-time PCR instrument CFX96 (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). Real-Q assay targets regions of envelope (E gene) and RNA
dependent RNA polymerase (RdRp gene) of SARS-CoV-2. The cycle threshold (Ct) value < 38 for all two
target genes was defined as a positive result. If one target gene is positive, but the other is negative, the test is

considered indeterminate.

Statistics

Sensitivity, specificity, positive predictive values (PPVs) and negative predictive values (NPVs) with 95%
confidence interval (CI) were calculated to assess diagnostic performance using Real-Q assay as reference
method. The degree of concordance between Exdia Ag and Real-Q assays was tested by Cohen’s kappa
coefficient (). The median values of Ct value were also calculated and compared using the Wilcoxon
rank-sum test. The SPSS statistical package version 24.0 (IBM Corp., Armonk, NY, USA) was used for all
statistical analyses. The significance level was set at P <0.05.

Results

Between December 2021, and March 2022, a total of 2,534 paired samples were used for analysis. Among
them, excluding 11 samples (six samples showed indeterminate results with Real-Q and five samples showed

invalid results with Exdia Ag assay), the diagnostic performance was assessed excluding these samples.
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Among the 2,523 samples, 149 showed positive results and 2,374 showed negative results with Real-Q
assay. Compared to the Real-Q assay, the overall sensitivity and specificity of the Exdia Ag assay was 77.2%
(115/149) (95% CI, 69.6 - 83.7) and 99.8% (2,370/2,374) (95% CI, 99.6 - 99.9), respectively. The accuracy
was 98.5% (2,485/2,523) (95% CI, 99.6 - 99.9) and K value was 0.85 (95% CI, 0.80 - 0.90) with almost
perfect agreement.

The PPV and NPV in this study cohort, with prevalence of 5.9% (149/2,523), were 96.6% (95% CI,
91.5 - 98.7) and 98.6% (95% CI, 98.1 - 98.9), respectively. Because PPV and NPV vary according to the
prevalence, with prevalence of 20% and 0.5%; the results obtained were 99.1% and 69.7%, respectively, for
PPV, and 94.6% and 99.9%, respectively, for NPV.

The distribution of Exdia Ag assay result according to Ct value of Real-Q assay (RdRp gene) is shown in
Table 1. The sensitivity of Exdia Ag assay was highest in samples with low Ct values of Real-Q assay, with
a sensitivity of 98.3% for Ct < 15, decreased slightly to 92.7% for 15 < Ct <20 dropped further to 72.2% for
20 <Ct<25 and was lowest (only 13.3%) for 30 <Ct.

Table 1. Distribution of Exdia Ag test result according to cycle threshold (Ct) values of Real-Q

assay (RdRp gene)
Ct value of Real-Q assay = Exdia Ag result -
(RdRp gene) Positive Negative
No. (%) No. (%)
<15m=59) 58(98.3) 1(1.7)
15<Ct<20 (n=41) 38(92.7) 3(7.3)
20<Ct<25m=18) 13(72.2) 5(27.8)
25<Ct<30(n=16) 4(25.0) 12 (75.0)
>30(n=15) 2(133) 13 (86.7)

Abbreviations: Exdia Ag, Exdia COVID-19 antigen; Real-Q, Real-Q 2019-nCoV Detection KIT; RdRp,
RNA-dependent RNA polymerase gene.

For 115 concordant Exdia Ag-positive/Real-Q-positive results, the median Ct value for RdRp and
envelope (E) genes (interquartile range, IQR) of Real-Q results was 15.0 (124 - 18.6) and 15.6 (13.1 - 19.5),
respectively. For 34 discordant Exdia Ag-negative/Real-Q-positive results, the median Ct value for RdRp
and E gene (IQR) of Real-Q results was 28.2 (22.8 - 33.2) and 29.0 (23.8 - 33.1), respectively. We observed
a significantly lower Ct value for concordant Exdia Ag-positive/Real-Q-positive samples than that in
discordant Exdia Ag-negative/Real-Q-positive samples (P < 0.0001, both RdRp and E gene) (Fig. 1).
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Fig. 1. Box-plots of cycle threshold (Ct) values distributions according to the concordance results
between Exdia Ag and Real-Q assays. Solid lines in box-plots represent the Ct value medians,
box-plots and whiskers represent the Ct values distribution.

Abbreviations: TP, Exdia Ag-positive/Real-Q-positive samples; FN, Exdia Ag-negative/Real-Q-
positive samples; RdRp, RNA-dependent RNA polymerase gene; E, envelope gene; Exdia Ag,
Exdia COVID-19 antigen; Real-Q, Real-Q 2019-nCoV Detection KIT.

Discussion

Some reports evaluating the performance of rapid antigen assays exhibited wide range of sensitivity
(41.0%-80.6%) depending on the study design (e.g., patient population) and sample types [4,7,8].
Additionally, we observed only four false positive cases (0.2%) for Exdia assay, consistent with other
previous studies (about 1.0% or less false positive rate for antigen assays) [9]. Researchers mentioned that
those false positive results of antigen assays are not associated with any specific respiratory pathogen [6,10].

Although the sensitivity of Exdia Ag assay became lower as the Ct value of RdRp gene became higher,
the majority (134/149, 89.9%) of rRT-PCR positive patients showed Ct value of < 30 (Table 1). This is in
line with a large meta-analysis review reported that overall cumulative sensitivity was 95.8% and 96.5%
for Ct value < 25 and Ct value < 20, respectively [11]. In similar, we observed that the Exdia Ag assay
showed 92.4% and 96.0% sensitivity for samples with Ct value < 25 and < 20, respectively. According to
the preliminary evaluation of the performance of other rapid antigen kit, it also showed 66.7% and 90.0%
sensitivity for samples with Ct value <25 and <20, respectively (Data not shown). Because we used frozen
residual nasopharyngeal swab specimens for this pilot study, the possibility that the sensitivity was affected
by frozen specimens cannot be ruled out [12]. Considering that minimal RNA genome copy number of 10°
genome copies per ml of specimen, corresponding to a Ct value < 25, represents the amount of infectious
virus particles required for successful virus propagation in cell culture [13-15] rapid antigen test kit will be
useful for rapid detection and triage of patients in ED.
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This study has a strength in that we included a large sample size for which both tests were performed
simultaneously. However, this study has several limitations. First, we did not consider the proportion of
asymptomatic patients in our cohort due to absence of clinical information. In addition, it was not possible
to conduct a sensitivity analysis based on the presence or absence of symptoms. Second, as two different
samples were collected for performing each assay, this may have influenced the evaluation results.

We conclude that the Exdia assay shows its strength in high specificity (99.8%) and moderately sensitive
(92.4%) in patients with high viral loads (Ct < 25), but supplementary test should be performed for patients
with the negative test results especially before admission into the hospital to prevent missed spread of SARS-
CoV-2.
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