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ABSTRACT

Introduction: Antigen tests for severe acute respiratory coronavirus 2 sometimes show positive lines earlier than
their specified read time, although the implication of getting the results at earlier time is not well understood.
Methods: We prospectively collected additional nasopharyngeal samples from patients who had already tested
positive for SARS-CoV-2 by reverse transcription PCR. The swab was used for an antigen test, QuickNavi™-
COVID19 Ag, and the time periods to get positive results were measured.

Results: In 84 of 96 (87.5%) analyzed cases, the results of QuickNavi™-COVID19 Ag were positive. The time to
obtain positive results was 15.0 seconds in median (inter quartile range: 12.0-33.3, range 11-736) and was
extended in samples with higher cycle thresholds (p < 0.001). Positive lines appeared within a minute in 85.7%
of cases and within 5 min in 96.4%.

Conclusion: QuickNavi™-COVID19 Ag immediately showed positive results in most cases, and the time to a

positive reaction may have indicated the viral load.

1. Introduction

The global pandemic caused by severe acute respiratory coronavirus
2 (SARS-CoV-2) remains a concern and is unlikely to end soon [1]. Until
the pandemic is under control, early diagnosis and screening with
effective test modalities are essential strategies to combat the disease
[2].

Antigen tests originally had low sensitivity compared to nucleic ex-
aminations [3]. Their diagnostic performance has improved over time
[4], and previous research has found them beneficial for screening
purposes [5] or in low-resource settings [6]. Advantages of antigen tests
include the ability to analyze multiple samples simultaneously, the lack

of a need for special equipment, and the fast turnaround time (TAT).

Manufacturers of antigen tests recommend that the results be read
10-30 min after sample placement [3]. Positive lines sometimes appear
before the manufacturer’s specified time, although the clinical impli-
cation of an early detection is not well understood. Knowing the time to
a positive reaction in clinical samples may help identify a more appro-
priate read time, which could reduce their overall TAT.

We previously evaluated the diagnostic performance of Quick-
Navi™-COVID19 Ag (Denka Co., Ltd., Tokyo, Japan), revealing a
sensitivity of 86.7% and a specificity of 100% [7], with a read time of 15
min. The sensitivity seemed sufficient, although the limit of detection
was inferior to that of a rapid immunochromatography, which utilizes a
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Fig. 1. Workflow of a drive-through testing site at Tsukuba Medical Center Hospital. Abbreviation: NP, nasopharynx.

digital immunoassay (DIA) platform [8]. The head-to-head comparison
using clinical samples has been awaited to validate their test
performances.

In this study, we aimed to clarify the clinical utility of QuickNavi™-
COVID19 Ag by evaluating the time periods to get positive results and by
comparing its sensitivity with an immunochromatography test, which
comes with a DIA reader.

2. Methods

Between January 25, 2021, and March 27, 2021, we prospectively
evaluated the time necessary for positive reactions in an antigen test,
QuickNavi™-COVID19 Ag. Nasopharyngeal samples were obtained
from SARS-CoV-2—positive patients after they provided informed con-
sent. The ethics committee of Tsukuba Medical Center Hospital (TMCH)
approved the present study (approval number: 2020-033).

2.1. Study sites and patient backgrounds

This study was performed at a drive-through-type PCR center located
at TMCH in Tsukuba, Japan. The PCR center performed in-house reverse
transcription (RT)-PCR examinations [7] of residents of the Tsukuba
district who were referred from a local public health center and primary
care facilities. PCR examination was performed immediately after each
nasopharyngeal sampling, and the results were reported to both patients
and doctors within a few hours. Physicians then assessed the risk factors
and disease severity of PCR-positive patients (Fig. 1).

2.2. Sample collection and antigen test procedures

In the current study, an additional nasopharyngeal sample was ob-
tained from in-house PCR-positive patients using FLOQSwab™ (Copan
Italia S.p.A., Brescia, Italy), with a previously described technique [9].
The swab sample was diluted with specimen buffer provided in a tube,
which is included in the test kit, and used for the antigen tests. The tests
were performed according to the manufacturers’ instructions [7], and
examiners visually interpreted the results. Trained laboratory staff was
assigned to handle the lateral-flow antigen tests.

The required time for positive results was measured with a stopwatch
after specimens were added to the test cassette. If the line indicating
positivity was not visualized, the results were recorded as negative.

2.3. Procedures of PCR examinations

All the antigen test evaluations were performed on the same day of
sampling specimens for RT-PCR examinations. The RT-PCR examina-
tions used nasopharyngeal samples suspended in 3 mL of UTM™ (Copan
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Italia S.p.A.). After extraction with a magLEAD 6gC (Precision System
Science Co., Ltd., Chiba, Japan), the eluted samples were first tested
with in-house PCR. Rest of the eluted RNA were stored at —80 °C and
were transferred to Denka Co., Ltd., every week for real-time RT-PCR of
SARS-CoV-2. The examination employed the QuantStudio®3 Real-Time
PCR System (Thermo Fisher Scientific Inc., MA, USA) and a method
developed by the National Institute of Infectious Diseases (NIID), Japan
[10]. The NIID N/N2 SARS-CoV-2 Standard (Nihon Gene Research
Laboratories, Inc., Japan) was used as a control to make a standard curve
for the analysis of copy numbers.

2.4. Comparison of the results between QuickNavi™-COVID19 Ag and
DIA

During the study period, antigen testing was performed with both
QuickNavi™-COVID19 Ag and QuickChaser Auto SARS-CoV-2 (Mizuho
Medy Co., Ltd.) at the drive-through-type PCR center. The patients
included in the comparison were those who agreed to provide samples
for both QuickNavi™-COVID19 Ag and DIA (Fig. 1).

We compared the analytical sensitivity for the detection of SARS-
CoV-2 between the two antigen tests. The results of real-time RT-PCR
of SARS-CoV-2 were used as the reference standard.

3. Statistical analyses

The sensitivity of antigen testing was calculated using the Clopper
and Pearson method, with 95% confident intervals (95% CI). Linear
regression analysis was used to describe the relationship between two
continuous variables; p-values <0.05 were considered to represent sta-
tistically significant differences. All calculations were conducted using R
4.0.4 (The R Foundation, Vienna, Austria).

4. Results

The study included 96 patients who were positive for SARS-CoV-2 by
RT-PCR, of whom 52 (54.2%) were symptomatic. The RT-PCR exami-
nation detected the N2 gene in all patients and failed to identify the N
gene in 11. The median number of viral copies per test and the median Ct
values were 360,000 (inter quartile range [IQR]: 22,000-2,300,000)
and 28.0 (IQR: 25.0-32.0) for the N gene, and 1,250,000 (IQR:
82,750-20,500,000) and 24.0 (IQR: 19.8-28.0) for the N2 gene. The
numbers of cases with an N2 gene Ct of <20, 20-30, and >30 were 24,
52, and 20, respectively.

QuickNavi™-COVID19 Ag was positive in 84 patients; thus, the
sensitivity was 87.5% (95%CI: 79.2%-93.4%) when using N2 gene RT-
PCR as a reference. False negatives occurred in 12 patients, and in all of
them the N2 gene Ct values were >32.
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Fig. 2. Relationship between the time to get positive results and sample Ct
values. Circles indicate cases with positive antigen tests. The results of linear
regression analyses are shown as dotted lines, along with their p values.

4.1. Time required to get positive results for QuickNavi™-COVID19 Ag

The median time to get positive results was 15.0 seconds (IQR:
12.0-33.3, range 11-736) with QuickNavi™-COVID19 Ag. Positive lines
were observed within a minute in 85.7% of samples analyzed with
QuickNavi™-COVID19 Ag (Fig. 2). In 96.4% of cases, the test can be
interpreted as positive within 5 min. In three cases, more than 5 min
were required to obtain positive results in the antigen tests; their Ct
values were 28, 34, and 38, respectively.

As depicted in Fig. 2, there was a linear association between the time
required to get positive results and Ct values (N2 gene) in samples (p <
0.001).

4.2. Concordance of QuickNavi™-COVID19 Ag with DIA

Of the 96 overall patients, 44 agreed to provide nasopharyngeal
samples for both QuickNavi™-COVID19 Ag and DIA. The results of DIA

w

Number of samples
[\
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were concordant with those of QuickNavi™-COVID19 Ag in 90.9% of
cases (40/44). Both tests exhibited positive results in all samples with
N2 gene Ct values < 31 (Fig. 3). Discordant results were observed in four
samples: in two, with Ct values of 36 and 38, respectively, QuickNavi™-
COVID19 Ag was positive while the DIA was negative, while in the other
two, with Ct values of 33 and 34, respectively, QuickNavi™-COVID19
Ag was negative and the DIA was positive. Neither antigen test could
detect the virus in three samples with Ct values of 34 and 36,
respectively.

5. Discussion

The median time to get positive results was 15 seconds for Quick-
Navi™-COVID19 Ag, and 85.7% and 96.4% of patient samples resulted
in positive reactions within 1 and 5 min, respectively. The required time
to obtain positive results was significantly lengthened as the Ct values of
samples increased. Direct comparison using clinical samples revealed
comparable sensitivities between QuickNavi™-COVID19 Ag and the
DIA.

The Centers for Disease Control and Prevention recommend that in
order to avoid false negatives, the results should be read at the time
designated by the manufacturer [11]. According to the manufacturer’s
instruction for use, however, QuickNavi™-COVID19 Ag can be inter-
preted as positive once the positive line is visualized even before the
specified read time. In our study, about 80% of positive cases can be
tested within 1 min and over 90% within 5 min, which is faster than
designated read time. The manufacturer’s specified time, therefore, may
be longer than necessary (Fig. 2). This finding might apply to other
antigen tests, although variations in performance possibly exist due to
methodological differences among products [12].

The time period to obtain positive results extended proportionally
with the Ct value; hence, the time required to be positive may indicate
the viral load in a given sample. In our study, the time needed more than
10 min was limited to the cases with a Ct value > 30. Given that these
samples are generally culture negative [13], positive lines that appears
more than a few minutes may imply a low viral load with a smaller risk
of transmissivity to others. Viral load is associated with disease severity
[14] in addition to transmissivity [15,16]. A shorter reaction time in
antigen tests might predict disease severity, considering that reaction

. QuickNavi (+) / DIA (+)
[ ] QuickNavi (+)/DIA (-)
D QuickNavi (-) / DIA (+)
D QuickNavi (-) / DIA (-)

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
Ct values for N2 gene

Fig. 3. Comparison of results between QuickNavi™-COVID19 Ag and DIA. Abbreviations; QuickNavi, QuickNavi™-COVID19 Ag; DIA, digital immunoassay.
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time was employed in a clinical score to predict the severity of pneu-
mococcal pneumonia [17]. Further studies should be conducted to
evaluate the clinical usefulness of measuring the time to get positive
results in various antigen tests.

We expected DIA to have a higher sensitivity than QuickNavi™-
COVID19 Ag because of its lower limit of detection and its imple-
mentation of a digital immunoassay system [8]. However, the two tests
had almost identical sensitivity when used with clinical samples. The
reactivity of antigen tests can differ between clinical and UTM™ sam-
ples. QuickNavi™-COVID19 Ag detected the virus in almost all clinical
samples with Ct values < 30 when the supplied extraction reagent was
used [7,18], but the sensitivity plummeted when samples were diluted
in UTM™ [19]. Measuring the limit of detection seems insufficient to
verify the clinical performance of antigen tests. In this study, four
samples produced discordant results between the two tests, and all of
them had Ct values > 30. These discrepancies can be explained by the
stochastic effects involved in detecting the virus in samples with low
viral loads.

This study had several limitations. First, it did not include patients
who were confirmed to be negative for SARS-CoV-2 by RT-PCR. Some
antigen tests have been reported to show false positives [20,21], and
their likelihood may be influenced by shortened judgment times; how-
ever, this issue was not evaluated in this study. Further, we could not
compare the specificities of QuickNavi™-COVID19 Ag and the DIA
evaluated. Second, we did not assess whether differences in strains or
sample characteristics (e.g., viscosity, blood inclusion) influenced the
time to get positive results. Third, QuickNavi™-COVID19 Ag and DIA
were not both performed in all patients. Further research should
compare the diagnostic performance of the two tests. Finally, visual
interpretation of the results of lateral-flow antigen tests is subjective,
and conclusions may differ among operators [22].

In conclusion, QuickNavi™-COVID19 Ag yielded a positive result
immediately after sample placement in most cases, and the time needed
for final interpretation was longer in samples with larger Ct values. The
sensitivity was comparable to that of the DIA.

Authorship statement

All authors meet the ICMJE authorship criteria. Y. Akashi drafted the
manuscript and performed the statistical analyses. H. Suzuki supervised
the project. Y. Kiyasu, Y. Takeuchi, A. Ueda, S. Notake, K. Nakamura,
and H. Ishikawa supported the preparation of this manuscript. D. Kato,
M. Kuwahara, and Shino Muramatsu contributed to the execution of
molecular analyses. All authors contributed to the writing of the final
manuscript.

Declaration of interest

Denka Co., Ltd., and Mizuho Medy Co., Ltd. provided test kits free of
charge. Regarding this study, Hiromichi Suzuki received lecture fees
from Denka Co., Ltd., and Otsuka Pharmaceutical Co., Ltd., and a
consultation fee from Mizuho Medy Co., Ltd. Daisuke Kato, Miwa
Kuwahara, and Shino Muramatsu are employed by Denka Co., Ltd., the
developer of QuickNavi™-COVID19 Ag.

Acknowledgements
We thank all staff at the Department of Clinical Laboratory of Tsu-

kuba Medical Center Hospital who contributed to this study, and all
medical institutions that provided their patients’ clinical information.

251

Journal of Infection and Chemotherapy 28 (2022) 248-251
References

[1] World Health Organization. Coronavirus disease (COVID-19) situation reports. htt
ps://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-repo
rts. [Accessed 26 August 2021].

Centers for disease control and prevention. Testing strategies for SARS-CoV-2. https
://www.cdc.gov/coronavirus/2019-ncov/lab/resources/sars-cov2-testing-strate
gies.html. [Accessed 26 August 2021].

World Health Organization. Antigen-detection in the diagnosis of SARS-CoV-2
infection using rapid immunoassays. https://www.who.int/publications/i/item/
antigen-detection-in-the-diagnosis-of-sars-cov-2infection-using-rapid-imm
unoassays. [Accessed 26 August 2021].

Obama HCJT, Yousif NAM, Nemer LA, Ngougoue PMN, Ngwa GA, Teboh-
Ewungkem M, et al. Preventing COVID-19 spread in closed facilities by regular
testing of employees—an efficient intervention in long-term care facilities and
prisons? PLoS One 2021;16:€0249588. https://doi.org/10.1371/journal.
pone.0249588.

Schwartz KL, McGeer AJ, Bogoch II. Rapid antigen screening of asymptomatic
people as a public health tool to combat COVID-19. CMAJ (Can Med Assoc J) 2021;
193:E449-52. https://doi.org/10.1503/cmaj.210100.

Boum Y, Fai KN, Nikolay B, Mboringong AB, Bebell LM, Ndifon M, et al.
Performance and operational feasibility of antigen and antibody rapid diagnostic
tests for COVID-19 in symptomatic and asymptomatic patients in Cameroon: a
clinical, prospective, diagnostic accuracy study. Lancet Infect Dis 2021;21:
1089-96. https://doi.org/10.1016/51473-3099(21)00132-8. 0.

Takeuchi Y, Akashi Y, Kato D, Kuwahara M, Muramatsu S, Ueda A, et al. The
evaluation of a newly developed antigen test (QuickNavi'™-COVID19 Ag) for
SARS-CoV-2: a prospective observational study in Japan. J Infect Chemother 2021;
27:890-4. https://doi.org/10.1016/j.jiac.2021.02.029.

Kurihara Y, Kiyasu Y, Akashi Y, Takeuchi Y, Narahara K, Mori S, et al. The
evaluation of a novel digital immunochromatographic assay with silver
amplification to detect SARS-CoV-2. J Infect Chemother 2021;27:1493-7. https://
doi.org/10.1016/j.jiac.2021.07.006.

Marty FM, Chen K, Verrill KA. How to obtain a nasopharyngeal swab specimen.
N Engl J Med 2020;382:e76. https://doi.org/10.1056/NEJMvem2010260.
Shirato K, Nao N, Katano H, Takayama I, Saito S, Kato F, et al. Development of
genetic diagnostic methods for detection for novel coronavirus 2019(nCoV-2019)
in Japan. Jpn J Infect Dis 2020;73:304-7. https://doi.org/10.7883/yoken.
JJID.2020.061.

Centers for Disease Control and Prevention. Interim guidance for antigen testing
for SARS-CoV-2. https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/a
ntigen-tests-guidelines.html. [Accessed 23 August 2021].

U.S. Food and Drug Administration. In vitro diagnostics EUAs - antigen diagnostic
tests for SARS-CoV-2. https://www.fda.gov/medical-devices/coronavirus-
disease-2019-covid-19-emergency-use-authorizations-medical-devices/in-vitro-
diagnostics-euas-antigen-diagnostic-tests-sars-cov-2. [Accessed 23 August 2021].
Jefferson T, Spencer EA, Brassey J, Heneghan C. Viral cultures for COVID-19
infectious potential assessment — a systematic review. Clin Infect Dis 2020:
ciaal764. https://doi.org/10.1093/cid/ciaal764.

Fajnzylber J, Regan J, Coxen K, Corry H, Wong C, Rosenthal A, et al. SARS-CoV-2
viral load is associated with increased disease severity and mortality. Nat Commun
2020;11:5493. https://doi.org/10.1038/5s41467-020-19057-5.

Gniazdowski V, Paul Morris C, Wohl S, Mehoke T, Ramakrishnan S, Thielen P, et al.
Repeated coronavirus disease 2019 molecular testing: correlation of severe acute
respiratory syndrome coronavirus 2 culture with molecular assays and cycle
thresholds. Clin Infect Dis 2021;73:e860-9. https://doi.org/10.1093/cid/
ciaal616.

Kim M-C, Cui C, Shin K-R, Bae J-Y, Kweon O-J, Lee M-K, et al. Duration of
culturable SARS-CoV-2 in hospitalized patients with covid-19. N Engl J Med 2021;
384:671-3. https://doi.org/10.1056/NEJMc2027040.

Shen C-F, Wang S-M, Liu C-C. A new urinary antigen test score correlates with
severity of pneumococcal pneumonia in children. J Formos Med Assoc 2011;110:
613-8. https://doi.org/10.1016/j.jfma.2011.08.002.

Kiyasu Y, Takeuchi Y, Akashi Y, Kato D, Kuwahara M, Muramatsu S, et al.
Prospective analytical performance evaluation of the QuickNavi™-COVID19 Ag
for asymptomatic individuals. J Infect Chemother 2021;27:1489-92. https://doi.
0rg/10.1016/j.jiac.2021.07.005.

Yamayoshi S, Sakai-Tagawa Y, Koga M, Akasaka O, Nakachi I, Koh H, et al.
Comparison of rapid antigen tests for COVID-19. Viruses 2020;12. https://doi.org/
10.3390/v12121420.

Otake S, Miyamoto S, Mori A, Iwamoto T, Kasai M. False-positive results in SARS-
CoV-2 antigen test with rhinovirus-A infection. Pediatr Int 2021;63:1135-7.
https://doi.org/10.1111/ped.14582.

Yamaniha K, Kinjo T, Akamine M, Setoguchi M, Tateyama M, Fujita J. False-
positive for SARS-CoV-2 antigen test in a man with acute HIV infection. J Infect
Chemother 2021;27:1112-4. https://doi.org/10.1016/].jiac.2021.04.011.

Peto T. UK COVID-19 Lateral Flow Oversight Team. COVID-19: rapid antigen
detection for SARS-CoV-2 by lateral flow assay: a national systematic evaluation of
sensitivity and specificity for mass-testing. EClinicalMedicine 2021;36:100924.
https://doi.org/10.1016/j.eclinm.2021.100924.

[2]

[3]

[4]

[5]

[6]

71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]


https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/sars-cov2-testing-strategies.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/sars-cov2-testing-strategies.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/sars-cov2-testing-strategies.html
https://www.who.int/publications/i/item/antigen-detection-in-the-diagnosis-of-sars-cov-2infection-using-rapid-immunoassays
https://www.who.int/publications/i/item/antigen-detection-in-the-diagnosis-of-sars-cov-2infection-using-rapid-immunoassays
https://www.who.int/publications/i/item/antigen-detection-in-the-diagnosis-of-sars-cov-2infection-using-rapid-immunoassays
https://doi.org/10.1371/journal.pone.0249588
https://doi.org/10.1371/journal.pone.0249588
https://doi.org/10.1503/cmaj.210100
https://doi.org/10.1016/S1473-3099(21)00132-8
https://doi.org/10.1016/j.jiac.2021.02.029
https://doi.org/10.1016/j.jiac.2021.07.006
https://doi.org/10.1016/j.jiac.2021.07.006
https://doi.org/10.1056/NEJMvcm2010260
https://doi.org/10.7883/yoken.JJID.2020.061
https://doi.org/10.7883/yoken.JJID.2020.061
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antigen-tests-guidelines.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antigen-tests-guidelines.html
https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-19-emergency-use-authorizations-medical-devices/in-vitro-diagnostics-euas-antigen-diagnostic-tests-sars-cov-2
https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-19-emergency-use-authorizations-medical-devices/in-vitro-diagnostics-euas-antigen-diagnostic-tests-sars-cov-2
https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-19-emergency-use-authorizations-medical-devices/in-vitro-diagnostics-euas-antigen-diagnostic-tests-sars-cov-2
https://doi.org/10.1093/cid/ciaa1764
https://doi.org/10.1038/s41467-020-19057-5
https://doi.org/10.1093/cid/ciaa1616
https://doi.org/10.1093/cid/ciaa1616
https://doi.org/10.1056/NEJMc2027040
https://doi.org/10.1016/j.jfma.2011.08.002
https://doi.org/10.1016/j.jiac.2021.07.005
https://doi.org/10.1016/j.jiac.2021.07.005
https://doi.org/10.3390/v12121420
https://doi.org/10.3390/v12121420
https://doi.org/10.1111/ped.14582
https://doi.org/10.1016/j.jiac.2021.04.011
https://doi.org/10.1016/j.eclinm.2021.100924

