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ABSTRACT

Despite the accuracy of nucleic acid amplification tests (NAATSs), rapid antigen tests (RATSs)

for severe acute respiratory syndrome coronavirus-2 are widely used as point-of-care tests. A
total of 282 pairs of reverse transcription-polymerase chain reaction and Standard Q COVID-19
Ag tests were serially conducted for 68 patients every 3—4 days until their discharge. Through a
field evaluation of RATs using direct nasopharyngeal swabs, the sensitivities were 84.6% and
87.3% for E and RNA-dependent RNA polymerase (RdRp) genes, respectively, for specimens with
cycle thresholds (Cts) < 25. The Ct values of E and RdRp genes for 95% detection rates by RATs
were 16.9 and 18.1, respectively. The sensitivity of RAT was 48.4% after the onset of symptoms,
which was not sufficient. RAT positivity gradually decreased with increased time after symptom
onset and had continuously lower sensitivity than NAATSs.

Keywords: Antigen Test; COVID-19; Nucleic Acid Amplification Techniques; SARS-CoV-2

Nucleic acid amplification tests (NAATSs) of the pathogen that causes coronavirus disease
2019 (COVID-19), severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), is the
diagnostic reference standard for COVID-19.1,2 However, the drawbacks of conventional
molecular testing include high cost, longer turnaround times of about 3—4 hours, and the
requirement for specialized instruments and skilled laboratory personnel. In addition, NAAT
results can remain positive for weeks to months after an initial infection and can detect viral
nucleic acids, even when the virus cannot be cultured.3 To counter these drawbacks, several
rapid antigen tests (RATs) for SARS-CoV-2 were developed and used as point-of-care tests.
Most RATs are lateral-flow immunochromatographic assays using nasopharyngeal (NP)
swab specimens and give results in less than 30 minutes.4> Despite their lower sensitivity
compared with molecular testing, they are widely used for the rapid diagnosis of COVID-19
and prevention of SARS-CoV-2 transmission.

1/6

ssaadyuljwix §=§ Aq pejeseuen


http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2022.37.e168&domain=pdf&date_stamp=2022-05-18
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-4751-7384
https://orcid.org/0000-0003-4751-7384
https://orcid.org/0000-0002-5923-0586
https://orcid.org/0000-0002-5923-0586
https://orcid.org/0000-0003-4751-7384
https://orcid.org/0000-0002-5923-0586
https://orcid.org/0000-0003-3457-6414
https://orcid.org/0000-0002-6314-8825
https://orcid.org/0000-0002-4300-8964
https://orcid.org/0000-0003-1824-476X
https://orcid.org/0000-0003-0480-3903
https://orcid.org/0000-0002-6777-0494
https://orcid.org/0000-0001-5471-5747

Positivity of RAT in COVID-19 Patients

JKMS

Yang-Seon Choi
https://orcid.org/0000-0003-3457-6414
Boo-Seop Kim
https://orcid.org/0000-0002-6314-8825
Yong Kwan Lim
https://orcid.org/0000-0002-4300-8964
Mi-Kyung Lee
https://orcid.org/0000-0003-1824-476X
Joung Ha Park
https://orcid.org/0000-0003-0480-3903
JiYoung Park
https://orcid.org/0000-0002-6777-0494
Seong Hwan Kim
https://orcid.org/0000-0001-5471-5747

Funding
This research was supported by the Chung-
Ang University Research Grants in 2021.

Disclosure
The authors have no potential conflicts of
interest to disclose.

Author Contributions

Conceptualization: Park JY, Kim SH, Lee JH.
Data curation: Choi YS, Lee JH, Park JH.
Formal analysis: Kim SH, Kweon OJ, Lim YK.
Investigation: Park JY, Kim BS, Lee MK. Funding
acquisition: Kweon OJ. Writing - original draft:
Kweon OJ, Lee JH. Writing - review & editing:
Park JY, Kim SH.

https://jkms.org

The Standard Q COVID-19 Ag kit (SD Biosensor, Suwon, Korea) is currently one of the

most widely used RATs for COVID-19 detection in the Republic of Korea, and its clinical
performance has been evaluated in several studies.614 However, those studies mainly focused
on the diagnostic accuracy of the RAT. Besides, there were few data about the duration of
positive RAT results after initial confirmation of COVID-19 and whether subsequent negative
RAT results were sufficient to release a patient from isolation. In the present study, the
evaluation of the Standard Q COVID-19 Ag kit was conducted with direct NP specimens from
symptomatic COVID-19 patients and serially followed up with NAATSs for the duration of their
hospital stay.

The present study was conducted as a prospective study. We enrolled patients who displayed
COVID-19 symptoms within 2 days who had been admitted to the Hyundae General
Hospital affiliated with the Chung-Ang University Health Care System from December 20,
2020 to March 12, 2021. The following data were acquired: sex, height, weight, birthdate,
admission and discharge date, symptoms, past medical history of underlying diseases, and
fever duration. When admitted, we classified the severity of the patients’ symptoms using
the ordinal scale (1: no limitation of activities, 2: limitation of activities, 3: oxygen by nasal
prongs, 4: oxygen by facial mask, 5: non-invasive ventilation, and 6: mechanical ventilation).

For laboratory diagnosis of COVID-19, 282 pairs of NAATs and RATs were serially

conducted on 68 patients every 3—4 days until their discharge. For NAATS, real-time reverse
transcriptase-polymerase chain reaction (rRT-PCR) was conducted on the extracted RNA
with the Real-Q 2019-nCoV Detection Kit (Biosewoom, Seoul, Korea) using a CFX96 Real-
Time PCR Detection System (Bio-Rad, Hercules, CA, USA). The targets were the F and
RNA-dependent RNA polymerase (RdRp) genes. A sample was considered “SARS-CoV-2-positive”
when the cycle threshold (Ct) values of all genes were < 38. If only one of the genes had a Ct <
38, the test results were interpreted as “inconclusive.” A sample was considered “negative”
when the Ctvalues of all the genes were > 38. RATs were conducted using direct NP swab
specimens and performed according to the manufacturer’s guidelines. This RAT targeted the
nucleocapsid protein of SARS-CoV-2.

Diagnostic sensitivity and specificity were calculated and compared with those of the NAAT
results according to the numbers of followed-up days after the patients’ admissions. We
additionally performed binomial logistic regression analysis for evaluation of the clinical
performance of RATs. Logistic regression models were constructed based on the binomial
results of the RATs and the Cts of each 2 target genes (£ and RdRp) included in the RT-PCR
assay. This analysis allowed us to predict the relationship between the RAT results and the
Ctvalue of each target gene and estimate the Ct values for which 95% detection rates were
achieved (Ct95). Statistical analyses were performed using R version 4.3.3 (R Foundation for
Statistical Computing, Vienna, Austria).

During the study period, 68 patients were enrolled, and 26 (38.2%) were female. The median
age was 68.0 (interquartile range, 54.3-81.3) years. The mean hospitalization duration was 12.6
+7.4 days, and 51 (75.0%) patients had > 1 underlying diseases (Supplementary Table 1). The
most common symptom was fever (72.1%) with a duration of 6.7 + 4.2 days. The next most
common symptom was dyspnea (38.2%), followed by cough (33.8%), sputum production
(25.5%), and myalgia (23.5%). The most common initial ordinal scale score was 1 (36.8%),
followed by 3 (32.4%) and 5 (16.2%) (Supplementary Table 2).
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Fig. 1. Logistic regression analyses for the percentage of positive results from the Standard Q COVID-19 Ag
kit according to the cycle thresholds of E (A) and RdRp (B) genes in the severe acute respiratory syndrome
coronavirus-2 reverse transcriptase-polymerase chain reaction.

The diagnostic sensitivity of the RAT according to the Ct values for each gene detected in the
specimens are listed in Supplementary Table 3. Based on the E gene, the sensitivities of RAT
with Ctvalues < 20, 20-24, 25-29, 30-34, and 35-38 were 91.1%, 78.3, 39.1%, 10.0%, and
5.0%, respectively. For the RdRp gene, the sensitivities of RAT were 92.7%, 82.6%, 37.8%,
12.8%, and 3.7%, respectively. The diagnostic specificity for specimens giving negative or
indeterminate PCR results was 100% (95% confidence interval, 95.2-100). Binomial logistic
regression analysis revealed that the Ct95 values of the RAT for the E and RdRp genes were
16.9 and 18.1, respectively (Fig. 1).

The positivity rate of the RAT for serial samples obtained during the follow-up period, and RAT
results for each sample according to the number of days after symptom onset and Ct values are
illustrated in Fig. 2. Within 1 to 3 days of symptom onset, the sensitivity of the RAT was 56.3%
(63/112); after that, it gradually decreased to 36.1% (4-7 days, 26/72), 26.3% (8-10 days, 10/38),
16.1% (1114 days, 5/31), and 0% (after 15 days, 0/29). NAATSs were generally more sensitive than
RATs, with sensitivities of 93.8% (1-3 days, 105/112), 88.9% (4-7 days, 64/72), 84.2% (810 days,
32/38), 77.4% (1114 days, 24/31), 66.7% (15-21 days, 14/21), and 25.0% (after 22 days, 2/8).
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Fig. 2. (A) Positive rates of the Standard Q COVID-19 Ag kit and nuclear acid amplification tests according to the
number of days after symptom onset. (B) RAT (Standard Q COVID-19 Ag kit) results of COVID-19 patients according to
the number of days after symptom onset and cycle threshold values. Error bars represent 95% confidence intervals.
NAAT = nucleic acid amplification test, RAT = rapid antigen test.
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Despite the ease, rapidity, and cost-effectiveness of RATs for virus detection, concerns about its
low sensitivity and generation of false negative results, especially for specimens with low viral
loads, remain. Moreover, several studies have reported a wide range of overall RAT diagnostic
sensitivities from 17.5-89.2%.6:814 In this context, we evaluated the diagnostic accuracy of the
Standard Q COVID-19 Ag kit with direct NP specimens. For specimens with Ct < 25, the sensitivities
were 84.6% (77/91 for the E gene) and 87.3% (76/87 for the RdRp gene). Studies focusing on the
diagnostic sensitivity of the Standard Q COVID-19 Ag kit generated various results. Korenkov et
al.10 evaluated 2,028 NP specimens and reported that the sensitivity for specimens with Ct < 25
was 98.25%. Pefla-Rodriguez et al.13 reported that the value was 88%, and Amer et al.? reported
that it was > 96.5%. Among the studies, Oh et al.® reported the lowest sensitivity at 41.1%. For
lower viral-load specimens, our study found a sensitivity lower than or equal to those of previous
studies. The sensitivities for specimens with 30 < Ct < 38 were 9% (9/100 for the E gene) and
10.5% (11/105 for the RdRp gene) in this study. Previous studies reported the following values for
specimens with 30 < Ct < 38: 65.0%,2 63.6%,8 45.3%,11 and < 10%.13 Binomial logistic regression
analysis revealed that the Ct95 values of the Standard Q COVID-19 Ag kit were 16.9-18.1, which were
lower than those determined in a previous study.10 This could be a result of the lower sensitivity
of RAT for specimens with Ct < 20 compared with previous studies; there were considerable

false negative results (7.3-8.9%) among the specimens in this study. Differences in RAT results
between studies may be due to patient characteristics, such as the presence of symptoms and/

or analytical variations in the testing procedures. Because the testing procedures are performed
manually from the NP swab collection to the results readout, RATs conducted using lateral-flow
immunochromatographic assays are affected by several analytical variations. Specifically, the NP
swabs should be well mixed with the extraction buffer, and drops of the buffer-mixed specimen
should be applied; these procedures are dependent on the skill level of the technician.

In the analysis of the positive rate according to the number of days after symptom onset, the
positive rates of RATs were also lower than those determined by NAATs. Even within 7 days
of symptom onset, the sensitivity was only 48.4% (89/184), indicating that RAT generated

a false-negative rate of 51.6% in symptomatic COVID-19 patients. Thus, RATs alone should
not be used to rule out COVID-19, even in the early period after symptom onset. RATs not
only perform poorly for diagnosis but also for determining the release of patients from
isolation. Previous studies demonstrated that virus detected with Ct values lower than 30
and/or of samples obtained after 10 days can be contagious or culturable.15:16 In this study,
there were 6 patients with viral loads of Ct < 30 (RdRp gene) whose samples were obtained
10 days after symptom onset. Among them, 2 patients (33.3%) were negative according to
the RAT. Although we did not assess the viral cultures of the specimens from those patients
simultaneously, those samples could have had a residual risk of viral transmission.1?

In conclusion, the diagnostic sensitivity of RAT was unsatisfactory, even for specimens with
high viral loads or in the initial period after symptom onset. In addition, RAT negativity is not
likely to guarantee non-transmission of the virus. Clinicians should always be aware of the
possibility of false negative results of RATs.

Ethics statement

Hyundae General Hospital Institutional Review Board approved this study (No. Bio-IRB
2021-002). Written informed consent was obtained from each patient after the possible
consequences of the studies had been fully explained.
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Click here to view

Supplementary Table 2
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Click here to view

Supplementary Table 3

Diagnostic sensitivity of the Standard Q COVID-19 Ag kit, the rapid point-of-care severe
acute respiratory syndrome coronavirus-2 antigen assay, compared with real-time reverse
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