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ABSTRACT
Background: Accurate and reliable diagnostic tools are essential in effectively managing infec-
tious diseases during the ongoing global COVID-19 pandemic. For this study, the RT-PCR assay was
used as the reference method, and the objective was to determine the concordance rate, sensitiv-
ity, and specificity of the SARS-CoV-2 antigen assay (SARS-CoV-2 Ag) using the chemiluminescence
immunoassay (CLEIA) technique for identifying COVID-19 patients. Method: A total of 231 na-
sopharyngeal swab samples were collected from individuals with either COVID-19 (cycle threshold
(Ct) values≤ 40) or non-COVID-19 (Ct values > 40 or undetected) diagnoses. These samples were
examined using the SARS-CoV-2 Ag. Results: The overall concordance rate of the SARS-CoV-2 Ag
was 84.0% (194/231), with a sensitivity of 81.4% (162/199) and 100% specificity (32/32). When sam-
ples were categorized into two Ct value groups, the SARS-CoV-2 Ag demonstrated a sensitivity of
97.6% for samples with a Ct value ≤ 30 and 2.9% for samples with a Ct value > 30. Moreover, the
antigen concentration determined by the SARS-CoV-2 Ag showed a strong inverse correlation with
the Ct value obtained from the RT-PCR assay (r = -0.93, p < 0.001). Conclusion: The SARS-CoV-
2 Ag proves to be a potentially effective tool for diagnosing and monitoring COVID-19 patients,
particularly in settings where the RT-PCR assay is not available.
Key words: COVID-19, SARS-CoV-2 antigen assay, Chemiluminescence Immunoassay (CLEIA),
RT-PCR, Diagnostic method

INTRODUCTION
In December 2019, the World Health Organization
(WHO) China Office first received reports of pneu-
monia cases with an unknown cause in Wuhan City,
Hubei Province of China1. Following this, the Emer-
gency Committee on the novel coronavirus (2019-
nCoV) under the International Health Regulations
(IHR 2005) reassembled on January 30, and ulti-
mately, WHO declared the outbreak a public health
emergency of global concern2. Fast forward to De-
cember 17, 2023, where over 772 million confirmed
cases and 6.9 million deaths have been reported
worldwide3. While global efforts have managed to
temporarily stabilize the COVID-19 epidemic, the
potential threat it poses remains, especially with
emerging variants of SAR-CoV-2 that could compli-
cate matters and cause the outbreak to resurface.
Diagnosing COVID-19 accurately can be particularly
challenging due to its atypical symptoms. Themethod
used to diagnose SARS-CoV-2 infections plays a cru-
cial role in identifying cases and implementing nec-
essary preventive measures4,5. The gold standard

for detecting SARS-CoV-2 infection remains the real-
time reverse transcription Polymerase Chain Reac-
tion (RT-PCR) test, which focuses on identifying the
virus’s RNA5. Despite its accuracy, RT-PCR has
drawbacks such as extended turnaround times, spe-
cialized equipment needs, high testing costs, and
resource-intensive processes, particularly in hospital
settings6–9. These limitations make it less feasible
for implementation in smaller or medium-sized labs.
Therefore, having a speedy and cost-effective method
for screening COVID-19 cases is crucial to effectively
combat outbreaks in various settings10.
Several manufacturers have developed rapid diagnos-
tic kits for COVID-19 using Chromatographic Im-
munoassay (CIA) principles to detect antigens or an-
tibodies for point-of-care testing. These SARS-CoV-
2 kits have shown a sensitivity of 68.0% (95% CI,
59.0 – 76.0%) and specificity of 99.0% (95% CI, 99.0
– 100.0%)11. They offer simplicity, quick results,
and the flexibility of being used without specific lab
equipment or trained personnel. However, the CIA
method’s efficacy in SARS-CoV-2 Ag detection is par-
ticularly high in samples with substantial viral loads,
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making it most suitable for individuals within com-
munities within five days of symptom onset11,12. De-
spite its benefits, these kits provide only qualitative re-
sults, posing challenges in classifying COVID-19 pa-
tients based on their infection level post-screening.
A newer addition to the diagnostics field is the SARS-
CoV-2 Ag assay by chemiluminescent enzyme im-
munoassay (CLEIA).This test detects the SARS-CoV-
2 nucleocapsid protein (NP) antigen using multiple
antibodies against the NP region in an automated sys-
tem with quick results13. The CLEIA assay presents
promise and offers an effective alternative in settings
where the RT-PCR test may not be available for di-
agnosing COVID-19 patients. To comprehensively
evaluate the performance of the SARS-CoV-2 Ag as-
say, our research compares it to the RT-PCR test as
a reference method using nasopharyngeal swab sam-
ples for the routine diagnosis of SARS-CoV-2 infec-
tion.

METHODS
Study design and setting
This descriptive cross-sectional study was conducted
at the Microbiology Department of Cho Ray Hospital
from July 1, 2021, to November 30, 2021.

Sample collection and processing
Throughout our study period, all admitted patients
were required to undergo COVID-19 testing upon
Cho Ray Hospital visitation, regardless of symptom
presentation, as per hospital protocol. All nasopha-
ryngeal swab samples collected from individuals con-
firmed to have COVID-19 were placed in a 3 mL
tube containing viral transport media (VTM). These
samples were collected during either pre-admission
screening or treatment at Cho Ray Hospital. Initially,
all 231 samples underwent SARS-CoV-2 testing us-
ing the RT-PCR assay with the Alinity m SARS-CoV-
2 Assay on the Alinity m automated system (Abbott,
U.S.). The remaining samples were stored at 2-8◦C
and subsequently subjected to the SARS-CoV-2 Ag
in the Lumipulse G1200 automated system within 24
hours, following the manufacturer’s instructions.

The RT-PCR assay
First, the samples were treated for virus inactivation
using Alinity m Lysis Solution (Abbott, U.S.) at a 1:1
ratio for 30 minutes (650 µL lysis solution + 650 µL
sample). Then, the mixture was used to perform the
RT-PCR assay with the Alinity m SARS-CoV-2 Assay
kit on the Alinity m automated system (Abbott, U.S.).
The cycle threshold (Ct) cut-off value for the RT-PCR

assay was set at 40, distinguishing positive samples for
SARS-CoV-2 (Ct ≤ 40) from negative samples (Ct >
40). Positive samples were further categorized into
three groups based on viral load: high viral load (Ct <
25), moderate viral load (25≤Ct≤ 30), and low viral
load (Ct > 30).

TheSARS-CoV-2antigenassay (SARS-CoV-2
Ag)
The concentration of SARS-CoV-2 antigen (Ag) was
determined using Lumipulse® G SARS-CoV-2 Ag kit
(Fujirebio, Japan). Following the RT-PCR assay, the
residual sample would be treated with Sample Extrac-
tion Solution at a 1:1 ratio for 5 minutes (250 µL ex-
traction solution + 250 µL sample). After centrifuga-
tion at 2000 g for 5 minutes, the supernatant was col-
lected for performing the SARS-CoV-2 Ag in the Lu-
mipulse G1200 automated system. Samples with an
Ag concentration > 10.0 pg/mL were considered pos-
itive, samples with 1.0 – 10.0 pg/mL were labeled in-
conclusive, and a result of < 1.0 pg/mLwas considered
negative, following the manufacturer’s guidelines.

Statistical analysis
The results were analyzed using JASP Statistical Soft-
ware version 0.16.4 (University of Amsterdam, Ams-
terdam, Netherlands) and Microsoft Excel 2016 (Mi-
crosoft Corporation, Redmond, Washington, USA).
Sensitivity and specificity were calculated, excluding
inconclusive results of the SARS-CoV-2 Ag. The cor-
relation between the Ag concentration and Ct values
determined by the RT-PCR assay was estimated using
Pearson’s correlation coefficients.

RESULTS

Comparison between the RT-PCR assay and
the SARS-CoV-2 Ag
A total of 231 samples from 215 individuals (199 sam-
ples from 184 COVID-19 patients and 32 samples
from 32 uninfected individuals) were first subjected
to the RT-PCR assay, then the SARS-CoV-2 Ag test
was performed within 24 hours (Figure 1 B).
Among the positive samples identified by the RT-PCR
assay, 72.7% exhibited high viral loads (145/199),
10.1% showed moderate viral loads (20/199), and
17.2% had low viral loads (34/199), with a mean cy-
cle threshold (Ct) of 21.21, ranging from 10.5 to 39.66
(Figure 1 A).
When using the RT-PCR assay as the reference, the
cut-off for the antigen level was set to >10.0 pg/mL
for positive and <1 pg/mL for negative, following the
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Figure 1: Comparison of the results between the SARS-CoV-2 Ag and RT-PCR assay; (A) Cycle threshold (Ct)
value of 199 positive samples with RT-PCR; (B) A total of 231 samples (199 positive samples and 32 negative sam-
ples) were first subjected to the RT-PCR assay, then analyzed with the SARS-CoV-2 Ag within 24 hours. A box plot
shows the Log10 concentration of SARS-CoV-2 Ag in the RT-PCR positive (left) and negative samples (right); (C)
Comparison of data obtained with SARS-CoV-2 Ag and RT-PCR assay.

Figure 2: Correlations betweenAg levels andCt values. (A-C) The dot plots showquantitative values for the Ag
concentration and Ct value determined by RT-PCR assay; (A) Correlation between Ag concentration and Ct values
for 199 positive samples; (B) Correlation between Ag concentration and Ct values for positive samples with Ct≤
30; (C) Correlation between Ag concentration and Ct values for positive samples with Ct > 30.

Table 1: Compares the performance of the RT-PCR assay and the SARS-CoV-2 Ag for positive samples using Ct
cut-off value of 30

SARS-CoV-2 Ag Positive samples (the RT-PCR assay)

Ct≤ 30 Ct > 30

Positive 161 1

Negative 4 33

Total 165 34
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manufacturer’s guidelines. Excluding inconclusive re-
sults ranging from 1.0 to 10.0 pg/mL, the SARS-CoV-
2 Ag showed an overall concordance rate of 84.0%
(194/231), sensitivity of 81.4% (162/199), and speci-
ficity of 100% (32/32) (Figure 1 C).
In comparison with the RT-PCR assay in association
with a Ct cut-off value of 30, the SARS-CoV-2 Ag
was further assessed based on two Ct value groups in-
cluded in the study. The results indicated that the test
had a sensitivity of 97.6% (161/165) for samples with
moderate and high viral loads (Ct ≤ 30) and a sensi-
tivity of 2.9% (1/34) for samples with low viral loads
(Ct > 30) (Table 1).

CorrelationsbetweenAgconcentrationand
threshold cycle (Ct) values
We then investigated the correlations between the Ag
concentration and Ct values determined by the RT-
PCR assay. Negative correlations were observed be-
tween the Ag concentration and Ct value (Pearson’s r
= -0.93, p < 0.001) (Figure 2A).This indicates that the
higher the antigen concentration in the SARS-CoV-2
Ag, the lower the Ct value (and the higher the viral
load) in the RT-PCR assay. For samples with Ct ≤
30, a high correlation between the Ag concentration
and Ct value was still recorded (Pearson’s r = -0.808,
p < 0.001) (Figure 2B), while this correlation was at a
medium level for samples with Ct > 30 (Pearson’s r =
-0.496, p < 0.003) (Figure 2 C). These results demon-
strated that theAg concentration reflects the viral load
with significant predictive value.

DISCUSSION
In this study, we assessed the performance of the
SARS-CoV-2 Ag test in detecting the presence of the
virus in nasopharyngeal and pharyngeal swab sam-
ples, using RT-PCR as the reference method. Our re-
sults demonstrated that the SARS-CoV-2Ag test had a
sensitivity of 81.4%, a specificity of 100%, and an over-
all concordance rate of 84.0%. These findings are con-
sistent with a study by Yosuke Hirotsu et al. in Japan
(2021) that reported sensitivity, specificity, and over-
all concordance rates of 84.8%, 97.9%, and 88.3%, re-
spectively 14. However, our study showed lower sensi-
tivity and overall concordance rates compared to the
manufacturer’s stated clinical efficacy evaluation re-
sults of 91.7% sensitivity, 98.5% specificity, and 98.2%
accuracy. This variance could be due to differences
in sample size and the criteria used for result inter-
pretation13. Notably, most false-negative samples in
our study (90%) came from individuals with low viral
loads (33 out of 37). This trend of reduced sensitivity

in samples with low viral loads has also been observed
in other studies15. Our initial findings suggest that
while the SARS-CoV-2Ag test has excellent specificity
(100%), its sensitivity and accuracy are relatively high,
meeting the minimum performance standards set by
the World Health Organization16.
The SARS-CoV-2 Ag test performs well in samples
with medium to high viral loads, with a sensitivity of
97.7%, making it effective in identifying symptomatic
patients with evident viral shedding. However, its
accuracy drops significantly in samples with low vi-
ral loads, leading to a high false-negative rate of up
to 97.1%. This indicates that the SARS-CoV-2 Ag
test is suitable for detecting infections in patients with
medium to high viral loads but may not be as reliable
for asymptomatic individuals, often having a Ct value
over 30. In such instances, the RT-PCR assay remains
essential. The RT-PCRmethod is known for its sensi-
tivity in detecting even trace amounts of viral RNA,
useful for identifying viral shedding during various
stages of infection and recovery 5. Positive RT-PCR
results with Ct values over 30 may indicate a low viral
load, potentially less infectious or representing resid-
ual viral fragments post-recovery 14,17,18. A compre-
hensive approach, integrating clinical symptoms, epi-
demiological data, and laboratory findings, is crucial
for accurately assessing infection risk.
Implementing the RT-PCR assay in small and
medium-sized labs presents challenges due to
equipment costs, maintenance, and limited sam-
ple processing capacities. In these settings, the
SARS-CoV-2 Ag test emerges as a viable alternative,
especially in primary healthcare labs or border
locations facing logistical difficulties in sending
samples to centralized labs. Notably, compared to
immunochromatographicmethods, the SARS-CoV-2
Ag test provides quantitative results, aiding clinicians
in patientmonitoring and risk assessment. The strong
correlation between Ag concentration and Ct values
determined by RT-PCR offers a reliable basis for
predicting viral load. While the SARS-CoV-2 Ag test
offers benefits like cost-effectiveness, quick results,
and automation, its reduced sensitivity compared to
RT-PCR may miss early-stage cases with low virus
levels. Conversely, RT-PCR excels in detecting these
cases, particularly those with Ct values exceeding 30.
Limitations of this study include the sample size, par-
ticularly for cases with Ct ≥ 25, which may limit a
comprehensive evaluation of viral load levels. Addi-
tionally, the study lacks data on symptom onset and
resolution, hindering a thorough examination of how
these factors impact Ag concentration and Ct values
determined by RT-PCR.
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CONCLUSIONS
In conclusion, the SARS-CoV-2 Ag using CLEIA
combines the precision of the RT-PCR method with
the rapidity of the Chromatographic Immunoassay
(CIA) method. Its hands-on instrument operation
simplicity reduces the risk of errors in laboratory pro-
cedures, optimizes resources and operating costs, and
minimizes training time for new employees. The
SARS-CoV-2 Ag with CLEIA can be an effective ap-
proach for diagnosing andmonitoringCOVID-19 pa-
tients, offering high accuracy in its results.
Overall, the SARS-CoV-2 Ag using CLEIA provides a
reliable and efficient option for healthcare profession-
als to quickly and accurately diagnose COVID-19. Its
ease of use and accuracymake it a valuable tool in bat-
tling the pandemic.
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