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Abstract 

A high-throughput, fully automated antigen detection test for SARS-CoV-2 is a 

viable alternative to reverse transcription polymerase chain reaction (RT-qPCR) for mass 

screening during outbreaks. In this study, we compared RT-qPCR for viral load and the 

VITROS® SARS-CoV-2 Antigen Test with reference to the results of the LUMIPULSE® 

SARS-CoV-2 Ag Test. Of 128 nasopharyngeal swab specimens taken from patients 

suspected of being infected with SARS-CoV-2, 49 were positive and 79 were negative 

according to RT-qPCR. Consistent dose-dependent detection with VITROS® assay was 

successfully achieved when using nasopharyngeal swab specimens with Ct values of ≤32.0, 

whereas the CLEIA-based the LUMIPULSE® assay was able to detect lower viral loads 

compared with the VITROS® assay. Our results show that the performance of the 

VITROS® assay was satisfactory for the diagnosis of contagious COVID-19 patients in the 

clinical setting. 

Keywords: SARS-CoV-2, COVID-19, CLEIA, Nasopharyngeal swab, RT-qPCR 

Introduction 

Nucleic acid amplification (NAA) by reverse transcription polymerase chain 

reaction (RT-qPCR) has been used to diagnose COVID-19 and has the advantage of being 

able to monitor replication status based on viral load, but the testing procedure is 

complicated and relatively time-consuming. In addition, a positive result based on NAA 

does not always allow for a definitive conclusion as to whether the patient is contagious 1. 

Recently, the emergence of SARS-CoV-2 variants such as P.1 and B.1.351, which contain 

a mutation repertoire within the Spike gene, has raised the possibility of emerging 

reinfections 2-4. Furthermore, a previous report demonstrated that RT-qPCR can detect 

non-infectious SARS-CoV-2 RNA in nasopharyngeal (Np) swab specimens in recovered 

adult patients up to 3 months after onset 5. To overcome these problems, high-throughput 
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 diagnostic technology designed to detect active SARS-CoV-2 infection has become 

essential. 

Recently, the VITROS® SARS-CoV-2 Antigen Test (Ortho Clinical Diagnostics, 

Rochester, NY) was developed as a new diagnostic technology based on a two-step 

chemiluminescent enzyme immunoassay (CLEIA) and can be used to perform up to 130 

tests per hour for the detection of active SARS-CoV-2 infection. This is a fully automated 

antigen detection test designed to detect active viral infection and is the first 

high-throughput COVID-19 antigen test to receive Emergency Use Authorization (EUA) 

from the US Food and Drug Administration (FDA). Recently, Favresse and colleagues 

demonstrated that the VITROS® SARS-CoV-2 Antigen Test completely aligned with 

RT-qPCR for Ct values up to 33 and found that the test had high specificity (100%) 6. 

However, evaluation in the clinical setting remains limited, so further studies are needed to 

confirm the real-world effectiveness of this technology. 

In this study, we compared RT-qPCR in terms of viral load with two rapid antigen 

tests, namely, the VITROS® SARS-CoV-2 Antigen Test and the CLEIA-based 

LUMIPULSE® SARS-CoV-2 Ag Test (Fujirebio, Tokyo, Japan), to investigate their 

performance in the analysis of clinical Np swab specimens 7. 

Materials and Methods 

Np swab specimens were collected from patients suspected of being infected with 

SARS-CoV-2 at Saitama Medical University Hospital, Saitama, Japan, between December 

22, 2020 and January 7, 2021. Each specimen was well suspended in 1,000 µL of 

phosphate-buffered saline (PBS) and used for the following analysis of COVID-19. 

Asymptomatic carriers were defined as confirmed COVID-19 patients with no history of 

clinical signs or symptoms on admission. The day of onset was defined as the first day of 
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 symptoms caused by COVID-19 in symptomatic patients or the day of the first positive 

RT-qPCR result using Np swab specimens in asymptomatic carriers. 

Definitive diagnosis of COVID-19 was confirmed by RT-qPCR according to the 

nationally recommended protocol, using RNA extracted from 140 µL of the 

abovementioned suspension 8. Briefly, RNA extraction was performed with the QIAamp 

Viral RNA Mini kit (Qiagen, Hilden, Germany) and RNA was finally eluted with 60 µL of 

Buffer AVL according to the manufacturer’s instructions. Conventional RT-qPCR for 

specific amplification of the N2 gene of SARS-CoV-2 was performed using 

TaqMan-based real-time PCR with the following sets of primers and probe (2.4 μM of 

forward primer, 5′ - AAA TTT TGG GGA CCA GGA AC - 3′; 3.2 μM of reverse primer, 

5′ - TGG CAG CTG TGT AGG TCA AC - 3′; 0.4 μM of probe; 5′ - FAM - ATG TCG 

CGC ATT GGC ATG GA - BHQ- 3′). RT-qPCR amplification was performed using the 

QuantiTect Probe RT-PCR Kit (Qiagen). Briefly, 5 μL of the extracted RNA was added to 

the amplification mixture, and distilled water was added to a final volume of 25 μL. 

Amplification was performed under the following conditions: reverse transcription at 50°C 

for 30 min; initial denaturation at 95°C for 15 min; and 40 cycles of denaturation at 94°C 

for 15 s and annealing/extension at 60°C for 60 s. Positive RNA controls were prepared in 

tenfold serial dilutions ranging from 5.0 × 105 to 5.0 × 100 copies/reaction using vitro 

synthesized SARS-CoV-2 RNA, which was kindly provided by the National Institute of 

Infectious Diseases, Japan. A calibration assay was carried out in parallel to create a 

calibration curve by RT-qPCR8. 

The VITROS® SARS-CoV-2 Antigen Test was also performed using the above Np 

swab specimens suspended in PBS. Briefly, 200 µL of the PBS suspension was added to 

50 µL of the included VITROS® SARS-CoC-2 antigen sample treatment solution. Then, 
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 the assay was automatically performed with the VITROS® 3600 automated immunoassay 

analyzer (Ortho Clinical Diagnostics). The analytical results were reported as signal/cutoff 

(S/C) values, where ≥1.0 was defined as a positive test result and <1.0 as negative. 

The LUMIPULSE® SASR-CoV-2 Ag Test was performed with the LUMIPULSE® 

G1200 (Fujirebio) according to the manufacturer’s instructions. Briefly, each Np swab 

specimen was centrifuged at 20,000 × g for 5 min, and the supernatant was used for 

subsequent analysis. The amount of SARS-CoV-2 antigen was determined based on the 

quantitative intensity of the reaction signal, where an antigen level of ≥1.34 pg/mL was 

defined as a positive test result and <1.34 pg/mL as negative 7. 

Results 

A total of 128 Np swab specimens were collected from patients suspected of being 

infected with SARS-CoV-2. Of the 128 Np swab specimens, 49 (38.3%) were found to be 

positive by RT-qPCR, and the median Ct was 30.0 (interquartile range [IQR]: 24.0-35.0). 

The median age of patients diagnosed with COVID-19 was 58 years (IQR: 47-74), and 23 

of these patients (46.9%) were women. 

In the VITROS® SARS-CoV-2 Antigen Test, all RT-qPCR-negative samples (n = 

79) gave negative test results (100% specificity), whereas antigens were detected in 37 of 

49 RT-qPCR-positive samples (75.5% sensitivity). The median Ct value of 12 RT-qPCR 

positive and VITROS® SARS-CoV-2 Antigen Test negative results was 36.0 (IQR: 

34.7-37.3). Therefore, the overall concordance with RT-qPCR was 90.6% (116/128). In 

the LUMIPULSE® SASR-CoV-2 Ag Test, analysis revealed antigen reactivity in 1 of 79 

RT-qPCR-negative samples (98.7% specificity), whereas antigens were detected in 43 of 

49 RT-qPCR-positive samples (87.8% sensitivity). The median Ct value of 6 RT-qPCR 
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 positive and LUMIPULSE® SASR-CoV-2 Ag Test negative results was 37.1(IQR: 

36.8-37.5). Therefore, the overall concordance with RT-qPCR was also 94.5% (121/128). 

Figure 1a and b show the correlations between the Ct value obtained by RT-qPCR 

and the amounts of SARS-CoV-2 antigens determined by the VITROS® SARS-CoV-2 

Antigen Test and LUMIPULSE® SASR-CoV-2 Ag Test, respectively. Consistent 

dose-dependent detection was successfully achieved when Np swab specimens with Ct 

values of ≤32.0 were used. All 6 samples that were positive according to the 

LUMIPULSE® SASR-CoV-2 Ag Test and negative according to the VITROS® 

SARS-CoV-2 Antigen Test had a Ct value >32.0. Table 1 summarizes the antigen 

detection rates for each quantified viral load from Np swab specimen according to the two 

tests. The detection rate was 85.5% (34/40) for ≥50.0 copies/reaction, 96.8% (30/31) for 

≥250.0 copies/reaction, and 100% (29/29) for ≥500.0 copies/reaction in the VITROS® 

SARS-CoV-2 Antigen Test. The detection rate was 97.5% (39/40) for ≥50.0 

copies/reaction, 100% (31/31) for ≥250.0 copies/reaction, and 100% (29/29) for ≥500.0 

copies/reaction in the LUMIPULSE® SASR-CoV-2 Ag Test. 

To assess the sensitivity of these assays according to the number of days after onset, 

49 COVID-19 patients were divided into two groups: ≤9 days after onset and >10 days 

after onset. The positivity rates of for each period were analyzed and the results are shown 

in Table 2. 

Discussion 

The VITROS® SARS-CoV-2 Antigen Test can detect SASR-CoV-2 within 48 min 

and is capable of processing up to 130 Np swab specimens per hour. In this study, we 

demonstrated that the sensitivity of the VITROS® SARS-CoV-2 Antigen Test was 100% in 

samples with Ct values below 32.0. It should be noted that unlike the LUMIPULSE® 
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 SASR-CoV-2 Ag Test, the VITROS® SARS-CoV-2 Antigen Test exhibits high specificity 

without the need for additional pretreatment procedures such as high-speed centrifugation. 

The VITROS® SARS-CoV-2 Antigen Test realizes high-throughput and rapid testing, does 

not require skilled technicians or multi-step procedures, and can be performed using 

equipment already installed in many laboratories. Thus, this test is a viable alternative to 

RT-qPCR and is suitable for mass screening during outbreaks. 

Previous reports demonstrated that a “positive” NAA result including RT-qPCR 

reflects only the detection of viral RNA fragments and does not always indicate the 

presence of viable virus particles 9. This is a clinically important point. In a larger cohort, 

Singanayagam et al. reported that 8% of samples with Ct values above 35.0 were positive 

for virus culture 10. In addition, previous reports have also demonstrated that high Ct levels 

were associated with non-infectious SARS-CoV-2 11, 12. In our study, the VITROS® 

SARS-CoV-2 Antigen Test exhibited 100% sensitivity in Np swab specimens with a viral 

load above 500 copies/reaction or Ct values below 32.0, as reported previously 6. However, 

the CLEIA-based the LUMIPULSE®� SASR-CoV-2 Ag Test was able to detect lower 

viral loads compared with the VITROS® SARS-CoV-2 Antigen Test, but there was no 

statistically significant difference between the two tests (Table 2). These results indicate 

that the VITROS® SARS-CoV-2 Antigen Test may be effective in detecting viable virus 

particles and thus may be useful for selecting contagious COVID-19 patients for infection 

control. However, it is still necessary to pay attention to false-negative results when using 

the VITROS® SARS-CoV-2 Antigen Test because different RT-qPCR assays may yield 

different Ct values with the same RNA load. 

In this study, diagnostic agreement between RT-qPCR and both tests was 

significantly higher in samples collected in the early phase after symptom onset (≤9 days) 
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 than in the late phase (>10 days). Previous studies have demonstrated that no live virus is 

isolated from culture 9 days after of symptoms onset despite the prolonged RNA shedding 

detected with Np swab specimens 13, 14. Of the 5 discordant samples that were positive for 

RT-qPCR but negative for the VITROS® SARS-CoV-2 Antigen Test in the present study, 

all samples had Ct values above 33.0 and appeared to be in a non-contagious recovery 

period with low viral loads. 

In clinical practice, detecting the shedding of infectious live viruses is not only 

related to the diagnosis of COVID-19, but also to infection control in hospitals, including 

the decision on when to discharge patients. To summarize, our results show that the 

performance of the VITROS® SARS-CoV-2 Antigen Test was satisfactory for the 

diagnosis of contagious COVID-19 patients in the clinical setting. The test exhibited high 

sensitivity and specificity in the detection of SARS-CoV-2 in samples with a Ct value of 

≤32 without the need for additional pretreatment procedures. 
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 Figure legend 

Figure 1.  

Correlations between Ct values obtained with RT-qPCR and antigen levels obtained by 

each automated antigen-detection test. The antigen level in (a) the VITROS® SARS-CoV-2 

Antigen Test and (b) the LUMIPULSE® SASR-CoV-2 Ag Test were plotted relative to 

RT-qPCR Ct value. The diagonal line shows the cut-off value. 
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 Table 1. Positivity rate of SARS-CoV-2 antigen by viral loads in nasopharyngeal swab 

specimens 

Viral load (n) 
(copies/reaction) 

The VITROS® 

SARS-CoV-2 

Antigen Test 

The LUMIPULSE® 

SASR-CoV-2 

Ag Test p-value 
Positive 

samples 

Detection 

rate 

Positive 

samples 

Detection 

rate 

total n=49 n=37 75.5% n=43 87.8% 0.12 

≥50  n=40 n=34 85.0% n=39 97.5% 0.05 

≥250  n=31 n=30 96.8% n=31 100% 0.32 

≥500 n=29 n=29 100% n=29 100% NS 

 

NS, not significant 

 

 Table 2. Positivity rates of SARS-CoV-2 antigen by the number of days after onset 

 

 

 

Days after onset 

p-value 
≤9 days (n=35) 

≥10 days 

(n=14) 

VITROS® SARS-CoV-2 Antigen 

Test 
85.7% (30/35) 50.0% (7/14) 0.02 

LUMIPULSE® SASR-CoV-2 Ag 
Test 

97.1% (34/35) 64.3% (9/14) 0.01 

 


