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A B S T R A C T   

Introduction: Early diagnosis and appropriate infection control are important to prevent the transmission of se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2). In this study, we aimed to assess the diagnostic 
performance of SARS-CoV-2 rapid antigen detection (RAD) tests and the factors that cause nonspecific reactions. 
Methods: Nasopharyngeal swab specimens (n = 100), sputum specimens (n = 10), and lithium-heparin plasma 
samples (n = 100) were collected. We evaluated Espline®SARS-CoV-2 (Espline) and SARS-CoV-2 Rapid Antigen 
Test that also known as STANDARD Q® (STANDARD Q), with reverse transcription-polymerase chain reaction 
(RT-PCR) and Lumipulse® Presto SARS-CoV-2 Ag as reference tests. In addition, we investigated the effects of 
inadequate pretreatment methods and five potential causes of nonspecific reactions. 
Results: The sensitivities of Espline and STANDARD Q were 60% and 57%, respectively, and their specificity was 
100%. It was confirmed that the judgment line for the positive insufficiently mixed specimens was faint. A false- 
positive result was observed with STANDARD Q when sputum was used as a specimen to investigate judgment 
the effect of viscosity. 
Conclusions: Espline and STANDARD Q show good sensitivity for specimens with Ct values less than 25, but 
specimens collected within 9 days of symptom onset may still give false negatives. The test should be performed 
carefully, and the results should be judged comprehensively, taking into account clinical symptoms and patient 
background.   

1Introduction 

Early diagnosis and appropriate infection control are important to 
prevent the transmission of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) [1]. Real-time reverse transcription-polymerase 
chain reaction (RT-PCR), quantitative antigen test, and qualitative an-
tigen test are currently used to diagnose SARS-CoV-2 infection. RT-PCR 
is a standard test with extremely high sensitivity. However, the pro-
cesses of specimen collection, gene extraction, amplification, and 
detection are complicated, and most require expert techniques. In 
addition, RT-PCR commonly requires an expensive analyzer. The 
Lumipulse presto®SARS-CoV-2 Ag (Lumipulse; Fujirebio Inc., Tokyo, 

Japan), as a quantitative antigen test (qAgT), can measure SARS-CoV-2 
antigen with high sensitivity within an assay time of 30 min, but requires 
a large-sized analyzer [2–6]. As with other examination methods, many 
rapid antigen detection (RAD) tests are being developed. Most RAD tests 
do not require exclusive analyzers and can be easily performed at the 
patient’s bedside because the equipment is small and lightweight. 
However, it has been reported that RAD tests are inferior to RT-PCR in 
terms of sensitivity and due to a higher incidence of false positives [2,7, 
8]. Espline®SARS-CoV-2 (Espline, Fujirebio Inc., Tokyo, Japan) utilizes 
samples collected in a viral transport medium. Therefore, RT-PCR and 
quantitative antigen testing can be performed in the same sample when 
a re-test is necessary. The SARS-CoV-2 Rapid Antigen Test® that also 
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known as STANDARD Q®, SD Biosensor Inc. Mannheim, Germany 
(STANDARD Q) can also be performed on samples collected in a viral 
transport medium, with a short measurement time of 15 min. In this 
study, we evaluated the diagnostic performance and analyzed the fac-
tors that cause non-specific reactions using Espline and STANDARD Q. 

2Materials and methods 

2.1Sample collection 

We collected 70 nasopharyngeal specimens from patients diagnosed 
with COVID-19 and 30 negative nasopharyngeal specimens from pa-
tients with suspected COVID-19. All 100 samples were collected using a 
nylon-flocked nasopharyngeal swab and a tube containing a universal 
transport medium (UTM; Copan Diagnostics, Murrieta, CA, USA) and 
stored at − 80 ◦C until testing. RT-PCR or qAgT was performed at the 
time of collection to confirm whether the samples were positive or 
negative. Nasopharyngeal swabs were collected from November 1, 2020 
to March 29, 2021. In addition, 10 sputum specimens and 100 lithium- 
heparin (He–Li) plasma specimens were collected to investigate 
nonspecific reactions at Sapporo Medical University Hospital. 

Five volunteers were recruited from our hospital staff. Among those 
willing to participate in the study, the negative group consisted of those 
with body temperature below 37 ◦C, with no obvious signs of any res-
piratory infection, and not prescribed any medication. A total of 6 mL of 
blood was collected in serum collection tubes (5 mL) and sterile spits (1 
mL). In addition, a total of seven nasopharyngeal swabs were collected 
from each of the five volunteers. 

Informed consent was obtained in the form of opt out on the website. 
The details of this study were published on the website to provide an 
opportunity for patients to refuse. Those who rejected were excluded. 
This study was approved by the Institutional Review Board of Sapporo 
Medical University Hospital (reference number 332–64) and ethical 
committee of Sapporo Medical University Hospital (reference number 
33-1-45). 

2.2RAD tests 

RAD tests were performed using the Espline and STANDARD Q. The 
manufacturer’s swab and UTM were used according to the manufac-
turer’s protocol. The test was interpreted as positive when both the 
reference and the judgment lines could be visually confirmed and 
negative when only the reference line could be confirmed; otherwise, no 
judgment could be made. Positive and negative results were determined 
visually by each of the three laboratory technicians to avoid any 
discrepancy. 

2.3Quantitative antigen test 

The specimens were analyzed for SARS-CoV-2 Ag using Lumipulse® 
Presto SARS-CoV-2 Ag on a fully automated Lumipulse® L2400 analyzer 
(Fujirebio Inc., Tokyo, Japan). All nasopharyngeal specimens were 
judged as either positive, negative, or judgment pending based on the 
antigen levels (negative: less than 1.34 pg/mL, judgment pending: from 
1.34 to less than 10.00 pg/mL, and positive: over 10.00 pg/mL) ac-
cording to the manufacturer’s protocol [2,3]. Nasopharyngeal speci-
mens with pending judgment were excluded because RT-PCR re-tests 
were necessary. 

2.4RT-PCR 

4. 2..1Nasopharyngeal swabs 
RT-PCR was performed on a LightCycler480 System (Roche, Basel, 

Switzerland) using the Ampdirect ™ 2019 Novel Coronavirus Detection 
Kit (Shimadzu Corporation, Kyoto, Japan) [9]. All assays were per-
formed according to the manufacturer’s protocol, and samples were 

judged as positive or negative based on the cycle threshold (Ct) value. 
When the measured Ct value of the sample was 40 or less, it was judged 
as positive. The RNA copies by RT-PCR were normalized with the 
reference materials. 

4. 2..2Sputum specimens 
Sputum specimens from patients who underwent culture testing 

were used to evaluate the effect of viscosity. We performed RT-PCR for 
SARS-CoV-2 on sputum samples using a LightCycler480 System (Roche, 
Basel, Switzerland) and a QIAamp Viral RNA mini kit (QIAGEN, Hiden, 
Germany). The assay was performed according to the manufacturer’s 
protocol and the sample was judged as positive or negative based on the 
Ct value. When the measured Ct value of the sample was 40 or less, it 
was judged as positive. 

4. 2..3Statistical analysis 
Sensitivity was defined as the proportion of samples identified as 

SARS-CoV-2 positive by RAD tests initially categorized as positive by RT- 
PCR or qAgT. Specificity was defined as the proportion of samples 
identified as negative by the RAD tests initially categorized as negative 
by RT-PCR or qAgT. All calculations were performed using EZR (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan), a graphical 
user interface for R (The R Foundation for Statistical Computing, 
Vienna, Austria). 

2.5. Evaluation of sensitivity and specificity 

2.5.1Comparison with RT-PCR and qAgT 
We evaluated 70 positive and 30 negative specimens. Sensitivity and 

specificity were calculated for the entire group and for each of the three 
groups (<25, 25–30, >30) divided according to Ct values when 
compared to RT-PCR. 

Sensitivity and specificity were calculated for the entire group and 
for each of the four groups (≥1000, 200–1000, 100–200, <100) divided 
according to antigen values when compared to qAgT. 

2.5.2Comparison based on the date of onset 
The 48 specimens for which the onset date could be determined, 

were classified into two groups: those collected within 9 days of onset 
(32 specimens) and those collected after 10 days of onset (16 speci-
mens), and the sensitivity was calculated. 

2.5.3Analysis of the effect of different pretreatment methods 
The specimen is diluted and becomes less viscous when it is mixed 

with the treatment 
Solution of RAD tests. In addition, the surfactant in the treatment 

solution destroys the 
Structure of SARS-CoV-2, exposing the N protein that binds to the 

antibodies. Since 
Inadequate pretreatment may induce false positives or false nega-

tives, we investigated 
The effect of different pretreatment methods. Nasopharyngeal swabs 

(manufacturer’s specific swabs and UTM) were soaked in the treatment 
solution and then pretreated under the following conditions. 

2.6Manufacture’s specific swabs 

2.6.1Espline  

1. Standard method: Rotate the swab 10 times while holding the cotton 
ball part between fingers from around the tube, and pull it out.  

2. Omission method: Rotate the swab 5 times and pull it out.  
3. Full omission method: Pull it out immediately. 
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2.7STANDARD Q  

1. Standard method: Rotate the swab from side to side at least five 
times, move it up and down to agitate and pull it out.  

2. Omission method: Rotate the swab 3 times and pull it out.  
3. Full omission method: Pull it out immediately. 

2.8UTM 

2.8.1Espline  

1. Standard method: Dip the swab soaked in UTM into the treatment 
solution and rub the tube well to mix.  

2. Omission method: Do not rub, but rotate the swab to mix.  
3. Full omission method: Do not mix. 

2.9STANDARD Q  

1. Standard method: Transfer UTM to the treatment solution and mix.  
2. Omission method: Swung left and right once.  
3. Full omission method: Do not mix. 

2.10Analysis of nonspecific reactions causing false-positive results 

Blood may adhere to the swab when nasopharyngeal swabs are 
collected. Fibrin and abnormal protein, which have been reported as 
causes of nonspecific reactions, with Chemiluminescent Enzyme 
Immunoassay and Chemiluminescent immunoassay, the same principle 
immunoassay method. Past reports on nonspecific reactions in SARS- 
CoV2 RAD tests have shown viscosity, and we examined mucin, a 
mucus substance [10–13]. RAD tests were performed under conditions 
potentially causing nonspecific or false-positive reactions. 

2.11Addition of blood 

Blood samples collected from the volunteers were allowed to stand at 
room temperature for at least 1 h to allow coagulation. Two pre- 
treatment methods were used. One was followed the manufacture’s 
protocol, while the other involved dipping the sample in the treatment 
solution and immediately removing it. 

2.12Addition of fibrin 

Blood samples were centrifuged immediately after sampling, and 
fibrin was precipitated. The manufacturer’s specific swab from each 
RAD test was first dipped into fibrin-deposited serum, and the test was 
performed after this pretreatment. 

2.13Addition of abnormal proteins 

The test was performed after pretreatment by soaking the manu-
facturer’s specific swab of each RAD test in He–Li added plasma from 75 
patients with abnormal immunoglobulins (IgA in 30 patients, IgG in 29 
patients, and IgM in 16 patients) and rheumatoid factor in 25 patients. 
The median and interquartile ranges were 565 (507–594) mg/dL, 2884 
(2576–3316) mg/dL, 572 (474–1003) mg/dL, and 306 (175–383) IU/ 
mL, respectively. 

2.14Addition of viscosity 

The sputum samples of 10 patients whose specimens were used for 
culture were wiped with the manufacturer-specific swab for each RAD 
test, and the test was conducted after this pretreatment. 

2.15Addition of mucin 

Mucin from porcine stomach (Sigma Aldrich, M2378) was dissolved 
in PBS to prepare a solution with a mucin concentration of 30.50 mg/ 
mL, similar to that in elderly saliva [14], and another solution with 
mucin concentration of 300.50 mg/mL, which was 10 times the con-
centration of saliva. The manufacturer’s swab was dipped into it and 
conducted the test followed the manufacture’s protocol. 

3Result 

3.1Sensitivity and specificity 

The results of the RAD test, RT-PCR, and qAgT for each sample are 
presented in Supplementary Table 1. 

3.2Comparison with RT-PCR 

The overall sensitivity of Espline and STANDARD Q were 60.0% 
(95% CI: 48–72%) and 57.1% (95% CI: 45–69%), respectively, and the 
specificity was 100.0% (95% CI: 83–100%). The sensitivity of each RAD 
test was higher in the group with lower Ct values (Table 1). 

3.3Comparison with the quantitative antigen test 

The overall sensitivity of Espline and STANDARD Q were 64.6% 
(95% CI: 52–76%) and 61.5% (95% CI: 49–73%), respectively, and the 
specificity was 100.0% (95% CI: 83–100%). The sensitivity of each RAD 
test was higher in the group with higher antigen levels (Table 2). 

3.4Comparison based on the date of onset 

The sensitivity of Espline and STANDARD Q was 65.6% (95% CI: 
47–81%) and 62.5% (95% CI: 44–79%), respectively, within 9 days from 
onset. Both sensitivity was43.8% (95% CI: 20–70%) 10 days after onset 
(Supplementary Table 2). 

Table 1 
Analytical performances of Espline and STANDARD Q for RT-PCR of SARS-CoV- 
2 using 70 positive and 30 negative nasopharyngeal swab specimens.  

Sensitivity (%[95%CI]) 
Ct value of RT-PCR 

N Espline STANDARD Q 

<25 27 96.3 (81.0–99.9) 96.3 (81.0–99.9) 
25–30 23 65.2 (42.7–83.6) 60.9 (38.5–80.3) 
>30 20 5.0 (0.10–24.9) 0.0 (0.0–23.8) 
All Ct values 70 60.0 (47.6–71.5) 57.1 (44.7–68.9) 
Specificity (%[95%CI]) 30 100.0 (83.3–100.0) 100.0 (83.3–100.0) 

Ct; cycle threshold, RT-PCR; reverse transcription-polymerase chain reaction. 

Table 2 
Analytical performances of Espline and STANDARD Q for quantitative antigen 
test using 65 positive and 30 negative nasopharyngeal swab specimens.  

Sensitivity (%[95%CI]) 
Quantitative antigen values 

N Espline STANDARD Q 

≥1000 20 100 (76.2–100.0) 100 (76.2–100.0) 
200–1000 12 100 (64.0–100.0) 100 (64.0–100.0) 
100–200 7 100 (47.3–100.0) 57.1 (18.4–90.1) 
<100 26 11.5 (2.4–30.2) 11.5 (2.4–30.2) 
All antigen values 65 64.6 (51.8–76.1) 61.5 (48.6–73.3) 
Specificity (%[95%CI]) 30 100.0 (83.3–100.0) 100.0 (83.3–100.0) 

Ct; cycle threshold. 
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3.5Analysis of the effect of different pretreatment methods 

3.5.1SARS-CoV-2 negative specimens 
No specimens showed positive results in any of the pretreatment 

conditions. 

3.5.2SARS-CoV-2 positive specimens 
No false negatives were observed in any of the pretreatment condi-

tions for any of the UTM samples. However, in one sample analyzed by 
Espline, the judgment line appeared faint when the sample was 
immersed in the treatment solution and immediately removed. In 
another sample analyzed by STANDARD Q, the judgment line appeared 
faint under the pretreatment condition of no pipetting. 

3.5.3Analysis of false-positive reactions 
In addition to blood, fibrin, abnormal proteins, and mucin, no effects 

were observed in either RAD test for the two pretreatment methods. 
Although suptum sample 5 was negative for Espline, it was positive 

in STANDARD Q. As RT-PCR was negative, the result of STANDARD Q 
turned out to be a false positive (Table 3, Fig. 1). 

4Discussion 

Using RT-PCR as the reference standard, the sensitivity of Espline 
and STANDARD Q were found to be 60.0% and 57.1%, respectively. The 
sensitivity of Espline was reported to be 39.7% by Aoki [15] and 70% by 
Salvagno [16]. The median Ct value of specimens used in the report by 
Aoki was 28.0 for Espline positive specimens, whereas the median Ct 
value in this study was lower at 23.7. In other words, the sensitivity of 
Espline in this study was higher than that reported by Aoki because the 
number of specimens with a higher viral load was greater. As for Sal-
vagno’s report, the median Ct value was not known, but since the 
specimens had a Ct value of less than 29.5, it was inferred that many 
specimens had a high viral load. RAD tests have been reported to have a 
high concordance rate with RT-PCR in specimens with a high viral load, 
with Ct values of 25 or less [17–25]. In this study, the sensitivity of both 
RAD tests was 96.3%, which was good for samples with Ct values less 
than 25. In contrast, in a previous study, 41.1% of the samples had a Ct 
value of 29 or less (65.7% in this study), which indicates a lower viral 
load than that in this study, but the sensitivity was as high as 70%. The 
reason for this was thought to be that it was intended for dedicated swab 
specimens. In the present study, the scraped swab was inserted into the 

UTM, and only a portion of it was used as a specimen, which was 
considered less sensitive than the manufacturer’s swab. When 
comparing sensitivity, it is necessary to consider the viral load and the 
specimen type. On categorizing samples into those collected within 9 
days of symptom onset (32/48) and those collected after 10 days of 
symptom onset (16/48), the sensitivity of Espline were 65.6% and 
43.8%, respectively, and that of STANDARD Q were 62.5% and 43.8%, 
respectively. In a previous report, the incidence of onset within 9 days 
was 73.3%, and that after 10 days was 29.2%. This difference was larger 
than that observed in this study [15]. The reason for this is not clear, but 
it may be because the previous report had 27 and 102 specimens 
whereas we had 32 and 16 specimens collected within 9 days and after 
10 days of onset, respectively. It is thought that the small number of 
specimens after 10 days may have affected the results. These results 
suggest that there is a risk of missing SARS-CoV-2 positive individuals, 
as approximately 30% of the specimens tested negative, even within 9 
days of onset. If SARS-CoV-2 infection is suspected based on clinical 
symptoms or patient background, confirmation by RT-PCR or quanti-
tative antigen testing is necessary, even if the RAD test result is negative. 

Although RAD tests are easy to perform, false negatives and false 
positives are a concern [7,8,26–32]. It has been pointed out that some of 
these could be caused by examiners who are not familiar with handling 
RAD tests [6]. We assessed the effects of abnormal proteins, blood, and 
fibrin as possible causes of false positives, but none of them led to 
false-positive results. On the other hand, while using sputum as a 
specimen to investigate the effect of viscosity, a false-positive result was 
observed with STANDARD Q. We suspected bacterial cross-reactivity as 
the reason for this false-positive result; however, culture tests showed 
only indigenous bacteria. The false-positive rate for the rapid antigen 
test was reported to be 8% (13/172) [7]. They collected nasal swabs 
using manufacture swabs. In this study, specimens were collected at 
multiple facilities, and the staff who collected the specimens had only 
minimal training, which may have resulted in a high false-positive rate 
due to errors in testing procedures, including pretreatment. Another 
study reported a false-positive rate of 1% (5/394), and false-positives 
tended to occur in highly viscous specimens, although the cause was 
unclear [8]. Samples, mainly nasopharyngeal and throat swabs, were 
collected and mixed viral transport media. The sputum used in this study 
was highly viscous, which was consistent with this report. Other reports 
showed that the false-positive rate of STANDARD Q were 0.1% [26], 
0.3% [27], and 1% [28]. These samples were all nasopharyngeal swabs 
collected using manufacture’s swabs. Therefore, the false-positive rate 

Table 3 
Characteristics of sputum specimens.  

specimens Gender Age Miller & Jones classification Geckler classification Espline STANDARD Q 

1 F 68 P3 G3 – – 
2 M 27 M1 G6 – – 
3 M 73 P2 G5 – – 
4 M 53 M1 G3 – – 
5 F 68 P3 G4 – +

6 M 61 M2 G2 – – 
7 M 61 Bloody sputum G6 – – 
8 M 90 M2 G2 – – 
9 M 37 M1 G5 – – 
10 F 78 M2 G3 – –  

Fig. 1. Case with the discordant result. 
Sample 5 was negative for Espline (a) and positive for STANDARD Q (b). 
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of STANDARD Q in clinical practice was considered to be approximately 
1% at the highest. False positives have been reported to be caused by 
strong viscosity and cross-reactivity with parainfluenzavirus; however, 
detailed mechanisms of false-positive reactions have not been identified 
[29]. False positives have also been reported with Espline, which did not 
show false positives in this study, suggesting the possibility of 
cross-reactivity with rhinovirus and HIV as the cause [30–32]. The 
electrostatic effect of mucin was also speculated to be the cause of the 
false-positive results. The sputum is composed of approximately 90% 
water, and the rest consists of mucus, electrolytes, and cell remnants. 
Mucin molecules are negatively charged on the molecular surface by 
N-acetylneutraminate at the nonreducing end of the sugar chain [33]. 
Therefore, they are expected to interact electrostatically with positively 
charged molecules. If the antibodies solidified on the membrane of 
STANDARD Q were positively charged, mucin would electrostatically 
bind to the antibodies, resulting in a false-positive result. However, there 
is no evidence for this, and this may be a subject for future research. 
Although the package insert states that no cross-reactivity is observed up 
to 100 μg/mL of mucin, which is lower than the mucin concentration of 
the saliva, the possibility that the results of this study were affected by 
cross-reactivity cannot be denied. Therefore, we used commercially 
available mucins, but found no effect and were unable to elucidate the 
cause of the false positives. 

In conclusion, the Espline and STANDARD Q demonstrate good 
sensitivity for specimens with Ct values less than 25, but specimens 
collected within 9 days of onset may still give false-negative results. The 
test should be performed carefully, and the results should be judged 
comprehensively, taking into account clinical symptoms and patient 
background. 
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