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Microbiological Testing for Coronavirus Disease 2019

Kei Yamamoto, and Norio Ohmagari

Abstract:

Microbiological diagnosis of coronavirus disease 2019 (COVID-19) is mainly performed through nucleic acid amplification
test (NAAT) and antigen test. Although NAAT is the standard diagnostic test, its use is limited by insufficient laboratory
resources and long turnaround time. Point-of-care NAAT tests have been introduced to address these shortcomings, but
their varied sensitivity and resource constraints remain a concern. Antigen tests require fewer resources but have low sensi-
tivity. Nevertheless, low-sensitivity tests may be useful depending on the situation. In contrast, in some clinical phases of
COVID-19, high-sensitivity tests may provide false-negative results. Therefore, the right testing strategy is needed for an
accurate diagnosis. In this review, the characteristics and clinical applications of microbiological tests available in Japan
(NAAT, antigen test, and antibody test) are discussed. The clinical diagnosis of COVID-19 is slightly complicated, and
cases in which the infection spreads from asymptomatic infected individuals are many; hence, laboratory diagnosis is essen-

tial to prevent further transmission.
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Introduction

The coronavirus disease 2019 (COVID-19), which became a
global pandemic in early 2020, is still raging in Japan and oth-
er parts of the world. Although nucleic acid amplification tests
(NAAT) are mainly used for definitive diagnosis, various re-
agents and testing equipment have been introduced and ap-
proved for research and 7z vitro diagnostics in Japan @, In
this review, we describe the specimens for COVID-19 diagno-
sis, their collection methods, and the characteristics of diag-
nostic equipment and reagents available in Japan, as well as
their use in clinical practice.

NAAT and antigen tests are the microbiological techni-
ques used for the definitive diagnosis of COVID-19 and are
covered by insurance in Japan. For NAAT, reverse transcrip-
tion-polymerase chain reaction (RT-PCR), real-time RT-
PCR, loop-mediated isothermal amplification (LAMP), and
other isothermal amplification methods have been used. In
contrast, as of January 22, 2020, immunochromatography,
chemiluminescent enzyme immunoassay (CLEIA), and other
assay methods are approved for antigen testing in Japan @,
Specimens are mainly collected from the respiratory tract, but
saliva can also be used. The detection rate of severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), the causative

agent of COVID-19, is higher when using lower respiratory
tract specimens, such as sputum and bronchoalveolar lavage
fluid, than upper respiratory tract specimens, such as naso-
pharyngeal swabs; however, the upper respiratory tract speci-
mens and saliva are often used because they are easier to col-
lect ©. Additionally, antibody tests can be outsourced in Ja-
pan; however, these tests are not covered by insurance. Nota-
bly, the detection of antibodies varies according to the COV-
ID-19 phase, limiting the reliability of antibody tests for acute
diagnosis of COVID-19. Next-generation sequencing could
also be used to diagnose COVID-19; however, it is only suita-
ble for research purposes, not clinical practice. Moreover, vi-
rus culture is a diagnostic technique for infectious disease and
is limited to biosafety level 3 research facilities in Japan and
other countries; thus, we have not discussed the details of vi-
rus culture in this paper.

Specimen Collection And Handling and
Infection Control during Collection

Nasopharyngeal swabs are collected by swabbing followed by
suspension in virus transport media (VIM), inactivating
agents, or reagents specifically designed for the test. If the stor-
age period is short (less than 24 h), suspension in saline or
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storage as a swab may be acceptable. However, considering
that RNA quickly degrades and may result in false-negative re-
sults, favorable storage conditions should be maintained. Na-
sal vestibular and nasopharyngeal swabs have comparable sen-
sitivity and should be handled in a similar way. Saliva and spu-
tum should be placed in a collection container with or with-
out an inactivating agent and stored until processing. Stool
and urine can also be used for viral diagnosis, although their
clinical significance is unknown.

When collecting nasopharyngeal swabs and sputum, suffi-
cient safety measures are necessary to prevent contact infec-
tion and exposure to droplets and aerosols. Therefore, medical
personnel should wear surgical or N95 masks, including face
guards and partitions . However, nasal vestibular swabs have
a low risk of inducing sneezing or coughing and are not pain-
ful or invasive; hence, the patients themselves can collect these.
Their self-sampling sensitivity is comparable to that of sam-
ples collected by a medical professional ®. The nasal vestibular
swabs should be collected by the patient under observation by
a medical professional, and medical staff should use a surgical
mask and gloves only @. For saliva collection, the collection
container may be contaminated; hence, medical staff should
disinfect it. Since the viral load decreases after gargling ©, the
Japanese guidelines recommend saliva collection at least 10 mi-
nutes, preferably more than 30 minutes, after eating, drinking,

brushing, and gargling .
NAAT

NAAT detects viruses by amplifying the targeted nucleic acids
and is used to confirm the presence of viruses that are difficult
to culture, making it the gold standard test for COVID-19 mi-
crobiological diagnosis. However, if the amount of nucleic
acid is insufficient, the test can be negative, regardless of its
sensitivity. The nasopharynx is the standard specimen for
NAAT, but the nasal vestibule or middle turbinate swab can
be used if self-collection is possible. Saliva is also widely used
for testing, although it requires additional processing before
NAAT. The use of lower respiratory tract specimens is recom-
mended for patients with a high likelihood of the disease based
on clinical manifestations, such as persistent symptoms with
typical pulmonary lesions ®. In Japan, SmartGene, FilmArray,
GeneXpert, and ID NOW are available as point-of-care test-
ing (POCT) @ @; the former three use RT-PCR, and ID
NOW is based on isothermal amplification.

RT-PCR

RT-PCR is a molecular technique that detects and quantifies
the nucleic acid of RNA viruses such as SARS-CoV-2. In this
case, the RNA is first converted to complementary DNA, and
with the use of primers, a specific region of the DNA is ampli-
fied through a temperature-regulated process. The nucleic
acid region defined by the primer is labeled by a probe, and

the amplification can be captured by a fluorescent signal in re-
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al time (Figure 1). The point at which the nucleic acid ampli-
fication curve exceeds a certain threshold is called the thresh-
old cycle (Ct) value. The Ct value is proportional to the
amount of targeted nucleic acid in the sample; therefore, the
copy number can be calculated by creating a calibration curve
using a sample with a known copy number of the targeted vi-
rus or nucleic acid. The testing process includes specimen pre-
treatment, nucleic acid extraction, and nucleic acid amplifica-
tion reaction. However, nucleic acid extraction and amplifica-
tion are time-consuming processes and are difficult to perform
in many hospital laboratories. Various RNA extraction techni-
ques, such as direct RT-PCR or fully automated testing
equipment, are available in Japan (Table 1). The sensitivity
and specificity of RT-PCR for SARS-CoV-2 in various speci-
mens, based on nasopharyngeal RT-PCR as the gold standard,
are indicated in Table 2%; oropharyngeal swabs have low sen-
sitivity and are unsuitable for use. In the early phase of the
pandemic, the sensitivity of PCR was reported to be approxi-
mately 70% ©, and this low sensitivity was due to the use of
oropharyngeal swabs. In addition, the peak viral shedding of
COVID-19 occurs from the day before the onset of illness to
about 2-3 days after the onset of illness ), and the results of
RT-qPCR tend to vary in the later stages of illness . There-
fore, the timing of the test is essential in the interpretation of
sensitivity reports. The sensitivity of the test in the early stages
of the disease is often high, which is approximately 90% ac-
cording to a meta-analysis ‘. Notably, the sensitivity of repeat
RT-PCR is higher than that of a single test (88% vs. 71%) ©;
however, the accuracy of the sensitivity tests may be limited by
variances in timing and specimen type and the reduced repeat
tests . The total reaction time of the POCT instrument
ranges between 50 and 70 min. RT-PCR POCT with Smart-
Gene ", FilmArray ", and GeneXpert " have sensitivity
equivalent to that of the conventional RT-PCR method. Gen-
eXpert displays the Ct value, and the SmartGene displays the
alternative number of cycles; however, FilmArray does not
show the Ct value and cannot estimate the viral load. Never-
theless, FilmArray can concurrently assay other respiratory
pathogens.

LAMP and other isothermal amplification
methods

Unlike RT-PCR, the isothermal amplification method does
not require temperature changes. Nucleic acid amplification is
relatively quick, and many test kits can provide results in less
than an hour, excluding nucleic acid extraction (Table 1). For
instance, the nicking enzyme amplification reaction (NEAR)
method does not involve complex elongation reactions and
shows exponential nucleic acid amplification, making the am-
plification reach a plateau within a few minutes *¥. Despite
the need for dedicated measurement equipment for most tech-
niques, visual color changes are sufficient for positive judg-
ment in the LAMP method. Although the LAMP and Smar-

tAmp methods require a nucleic acid extraction process, a
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Figure 1. The measurement principle of real-time reverse transcription polymerase chain reaction.

simplified extraction reagent is available for the Loopamp
SARS-CoV-2 detection kit. It has a detection sensitivity of
more than 100 copies/test, although its detectability has only
been validated using pseudoviruses 9. A non-peer-reviewed
report indicates that LAMP using this simple extraction kit
has a high false-positive rate *”. The simple heat-denaturing
extraction method is less effective than the conventional nu-
cleic acid extraction using GeneAnalyzer ®¥. Although nucleic
acid extraction is required for the transcription-mediated am-
plification method, a fully automated system (Panther system)
allows for high-throughput testing *. Detection kits using
transcription reverse transcription concerted reactions and
NEAR methods available in Japan can be directly performed
from the specimen. In particular, ID NOW, which uses the
NEAR method, can provide test results within 13 min; hence,
it is faster than the antigen test described below. However, the
IDSA guidelines recommend that patients with a high pretest
probability should be confirmed with other NAAT tests al-
though they have a negative result with ID NOW @, because
of reports of the lower sensitivity of ID NOW (approximately
70%) than RT-PCR @623 Since specimens that test nega-
tive for ID NOW and positive for RT-PCR have a low viral
load "2, these tests may be useful in screening for infectious-
ness.

Antigen Test
The antigen test measures some of the viral proteins and, simi-

lar to NAAT, indicates the presence of pathogens. Several an-
tigen tests have been approved in Japan for insurance coverage.
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Despite the lower sensitivity of the antigen test compared with
the PCR method @), it is simple to perform and has a shorter
turnaround time than most NAATs. Therefore, it is a suitable
test for low-resource centers. In Japan, antigen tests are based
on immunochromatographic methods, in which antigens are
captured by antibodies solidified on filter paper, and the
CLEIA method, in which antibodies are bound to magnetic
particles, magnetized, and then reacted with a luminescent re-
agent to measure the amount of luminescence. As of January
22, 2021, Japan had also approved other two methods of
SARS-CoV-2 rapid antigen test: Rapiim SARS-CoV-2-N and
LumiraDx SARS-CoV-2 Ag. The former is based on a protein
analysis method that detects light scattering when antigens
bind to antibodies and microparticles solidified on a light-
waveguide membrane, while the latter is a microfluidic immu-
nofluorescence method characterized by antigen-antibody re-
action with antigen-capturing particles placed in a microflui-
dic channel and fluorescent labeling.

The CLEIA is quantitative, and the amount of antigens
correlates with the viral load @@, This technique sets a cutoff
value that determines the positive or negative result. In addi-
tion to upper respiratory tract specimens, such as nasophar-
yngeal and nasal vestibular secretions, saliva specimens can be
used for the CLEIA antigen test ®®®. The immunochroma-
tographic method is simple, does not require sophisticated
measuring equipment, and has a short reaction time of 15-30
min. The SARS-CoV-2 rapid antigen tests available in Japan
are Espline SARS-CoV-2, QuickNavi SARS-CoV-2, Immu-
noAce SARS-CoV-2, and Panbio COVID-19 Antigen Rapid
test. Rapid antigen tests have a higher virus detection limit
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Table 1. Nucleic Acid Amplification Tests Available in Japan (January 22, 2021).
Approved as A
Methods Product name Sales company in Japan Turnaround time in vitro tl;ll;a;z:rmg
diagnostics
Quantitative reverse 2019 novel coronavirus (nCoV)  Sysmex Corporation 90 min, except time to Yes
transcription-polymerase  fluorescence real-time RT-PCR extract nucleic acid
chain reaction (RT-qPCR) kit
MEBRIGHT SARS-CoV-2Kit MEDICAL & BIOLOGICAL 90 min, except time to Yes
LABORATORIES CO., LTD. extract nucleic acid
SARS-CoV-2 GeneSoC N2 Kyorin Pharmaceutical Company, 15 min, except time to No GeneSoC
Kyorin Limited extract nucleic acid
SARS-CoV-2 RT-qPCR FUJIFILM Wako Pure Chemical 50 min, except time to No
Detection Kit Ver. 2 Corporation extract nucleic acid'1
Direct RT-qPCR Ampdirect 2019-nCoV SHIMADZU CORPORATION 70 min Yes
Detection Kit
SGNP nCoV/Flu PCR SUDx-Biotec Corporation 20-60 min Yes
Detection kit
Takara SARS-CoV-2 direct Takara Bio Inc. 60 min Yes
PCR detection kit
TaqPath SARS-CoV-2 real-time  Life Technologies Japan Ltd. 60 min Yes
PCR detection kit HT
SARS-CoV-2 Detection Kit - TOYOBO CO., LTD. 60 min No
Multi-
SARS-CoV-2 gene detection kit KYOKUTO 60 min No
KYOKUTO Ver. 2 PHARMACEUTICAL
INDUSTRIAL CO., LTD.
SARS-CoV-2 detection kit KUBIX Inc. 60 min No
KANEKA Direct RT-qPCR KANEKA CORPORATION 60 min No
Kit "SARS-CoV-2"
GENECUBE HQ TOYOBO CO., LTD 35S min Yes GENECUBE
SARS—CoV-2
Cobas SARS-CoV-2 & Flu Roche Diagnostics K.K. 180 min (96 tests) Yes Cobas 6800
A/B
Cobas 8800
i-densy Pack SARS-CoV-2 ARKRAY Factory, Inc. 80 min Yes i-densy IS-5320
BD Max SARS-CoV-2 Nippon Becton Dickinson 120-180 min (24 tests) No BD Max
Company, Ltd.
ELITe MGB SARS-CoV-2Kit  Precision System Science Co., Ltd. 150 min (12 tests) No ELITeInGenius
VIASURE SARS-CoV-2 Kit Precision System Science Co., Ltd.  90-120 min (8 tests) No geneLEADVIIL
UTAS Wako COVID-19 FUJIFILM Wako Pure Chemical 75 min No MTAS Wako g1
Corporation
Point-of-care test (POCT)  Xpert Xpress SARS-CoV-2 Beckman Coulter, Inc. 45 min Yes GeneXpert
RT-qPCR “Cepheid”
FilmArray Respiratory 2.1 panel  bioMérieux Japan Ltd. 45 min Yes FilmArray
SmartGene SARS-CoV-2 MIZUHO MEDY Co., Ltd. 70 min No SmartGene

detection kit

than NAAT. In Japan, it is recommended that rapid antigen
tests be used on days 2-9, the period when the viral load is like-
ly to be high . Nasopharyngeal or nasal swabs are commonly
used as specimens, but saliva specimens are not warranted due

to poor diagnostic performance ®* ).

(Table continued on next page)

The use of nonhuman antibodies from rodents for the an-
tibody-antigen reactions is limited by possible nonspecific
binding between labeled and solidified triggered by highly vis-

cous and heterophilic antibodies ©”, resulting in false positives.

False-positive cases of Espline SARS-CoV-2 are a problem in
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Table 1. Continued.

Approved as in vitro

Turnaround time diagnostics

Measuring device

Methods Product name Sales company in Japan
Isothermal amplification Loopamp SARS-CoV-2  EIKEN CHEMICAL CO.,,
detection kit LTD.
SmartAmp SARS-CoV-2 K. K.DNAFORM.
detection kit
Direct isothermal SARS-CoV-2 RNA TOSOH CORPORATION
amplification detection kit TRCReady
SARS CoV 2i
SARS-CoV-2 detection ~ CANON MEDICAL
kit LAMPdirect SYSTEMS CORPORATION
Genelyzer KIT
Aptima SARS-CoV-2 Hologic Japan, Inc.
POCT isothermal ID NOW SARS-CoV-2  Abbott Diagnostics Medical
amplification Co., Ltd.

35 min, except time to Yes Loopamp EXIA'3

extract nucleic acid 2

30 min, except time to Yes

extract nucleic acid

40 min Yes TRCReady-80

30 min No Genelyzer FIII
Genelyzer FII
Genelyzer F-MS

210 min (275 tests/8 hours) Yes Panther system

13 min Yes ID NOW

“Direct” is defined as the process of nucleic acid extraction that is included in the reagents or test equipment, and “POCT” is defined as the process that does not require
dispensing of reagents using micropipettes, etc., and can be handled by physicians at the bedside.

Many product names are not written in English, so they have been translated by the author and are not the official product names.

Turnaround time is based on the time indicated by each manufacturer and is only a rough guide because some specimen preparation times are not included.

"1 Nucleic acid extraction time can be reduced using “SARS-CoV-2 Lysis Buffer Ver. 2, FUJIFILM Wako Pure Chemical Corporation” (time required, 15 min).

"2 The rapid extraction reagent “Virus RNA extraction kit, EIKEN CHEMICAL CO.” is available.

'3 Visual judgment is also possible.

RT-qPCR, quantitative reverse transcription polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; POCT, point-of-care test

Table 2. Sensitivity and Specificity of Nucleic Acid Amplification Tests in Each Specimen Based on Nasopharyngeal Swab as a

Reference.

Sensitivity

Specificity

Saliva collected from patients without cough

Saliva collected from patients with cough 0.99 (95% CI, 0.94-1.00

(
(
0.76 (95% CI, 0.58-0.88
(
(
(

)

Oropharyngeal swab )
0.89(95% CI, 0.83-0.94)
)

)

Nasal vestibular swab
Middle turbinate swab 0.95 (95% CI, 0.83-0.99

Nasal vestibular and oropharyngeal swab 0.95 (95% CI, 0.69-0.99

0.90 (95% confidence interval (CI), 0.85-0.93)

0.98 (95% CI, 0.93-1.00)
0.96 (95% CI, 0.83-0.99)
0.98 (95% CI, 0.96-0.99)
1.00 (95% CI, 0.99-1.00)
1.00 (95% CI, 0.89-1.00)

(

0.99 (95% CI, 0.92-1.00)

Reproduced from Hanson KE, Caliendo AM, Arias CA, et al. The Infectious Diseases Society of America Guidelines on the Diagnosis of COVID-19: molecular

diagnostic testing. Clin Infect Dis. 2021:ciab048 © with permission.

Japan ¢ Although the cause of the false-positive results is
unclear, viscosity may be involved because the number of
specimens negative for RT-PCR and positive for antigen was
significantly lower in the specimens developed in VIM than
in those developed in the processing reagent (0/229 vs. 2/40, p
= 0.02, Fisher’s exact test) . In addition, since diagnosis is
made by human eyes, judging when the test line is subtle may
be difficult. As illustrated by rapid tests for influenza, the diag-
nostic performance of these tests may be low ¢%. Although the
performance of each rapid antigen test kit is different, the Esp-
line has a relatively high positive concordance rate (72%) in the
early course of illness (2-9 days) and a low positive concord-
ance rate (22%) after 10 days of illness *®. Among samples
with at least 10* copies/test (8.5 copies/HL), the positive con-
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cordance rate of Espline was 92%, and the kappa coefficient
was 0.86, indicating high concordance with RT-PCR 2-9 days
after the onset of symptom ®. Rapiim SARS-CoV-2-N has a
high concordance rate with RT-PCR for relatively low-copy
specimens because the test is performed using dedicated
equipment. However, similar to Espline ®¥, Rapiim SARS-
CoV-2-N had a low positive concordance rate for specimens
with less than 100 copies/test ®°. LumiraDx SARS-CoV-2 Ag,
however, has a high concordance rate with RT-PCR (kappa
coefficient, 0.9), even in specimens with low viral load at late
disease date @, In contrast, LumiraDx SARS-CoV-2 Ag re-
sults in many positive cases that are negative in RT-PCR (na-
sopharynx, 11%; nasal cavity, 7%) ©”. Therefore, the positive
results of LumiraDx should be cautiously interpreted, espe-
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Figure 2. The serological course of coronavirus disease 2019.

Reproduced from Galipeau Y, Greig M, Liu G, et al. Humoral responses and serological assays in SARS-CoV-2 infections. Front

Immunol. 2020;11:610688 “ with permission.
©2020 Galipeau, Greig, Liu, Driedger and Langlois.

cially when the patient has a low prior probability of COV-
ID-19, such as the absence of a typical pulmonary lesion or
contact with a COVID-19 patient. However, positive and
negative judgments in specimens with low viral load differ de-
pending on the RT-PCR method #”, and the rate of false-posi-
tive results in this kit is inconclusive.

Antibody Test

The use of antibodies for the definitive diagnosis of COV-
ID-19 is limited, and antibody tests are not covered by insur-
ance in Japan. Notably, IgM levels begin to rise approximately
7 days after the onset of illness and peak at around 14 days af-
ter the onset of illness (Figure 2) “. There are many anti-
body-testing methods, but immunochromatographic anti-
body testing should not be used because of possible cross-reac-
tivity with other antibodies and low correlation with neutral-
izing antibodies V. Enzymatic chemiluminescence immuniza-
tion and chemiluminescence immunization, which have been
shown to correlate with neutralizing antibodies, should be
used “. Tests that depend on enzyme-based chemilumines-
cence immunization or chemiluminescence immunization are
available for research. The sensitivity and specificity of these
tests are quite low at 0-7 days of illness, 33.3% and 33.3%, re-
spectively, but high after 15 days of illness, 96.7% and 93.3%,
respectively 2,
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How to Use Testing for SARS-CoV-2 in
Clinical Setting

Based on this review, the tests that should be used for the
acute diagnosis of COVID-19 are NAAT or antigen tests.
The significance of the acute diagnosis can be divided into two
main categories: 1) assessment of infectiousness and 2) detec-
tion of pathogen and implementation of therapeutic interven-
tion.

Regarding the assessment of infectiousness, during the
early stages of COVID-19, the viral load is high, hence raising
infectiveness 7. An accurate diagnosis is necessary; however,
diagnosing COVID-19 based on clinical manifestations alone
is difficult because symptoms are quickly alleviated in young
and immunocompetent individuals. NAAT screening tests,
such as POCT, can be uniformly performed in facilities with
abundant testing resources, but many facilities have not em-
braced NAAT because of high resource demands and long
turnaround time. Besides, delays in reagent supply and the
high cost of maintaining the laboratory equipment hinder the
use of NAAT. Despite the overemphasis of the low sensitivity
of the rapid antigen tests, they have high detection sensitivity
in the carly stages of the disease, when the viral load tends to
be high. Therefore, after the 10th day of illness, when the rap-
id antigen test is not suitable, a person with COVID-19 may
not be infectious due to reduced viral load® ®¥, Therefore,
screening by antigen testing may be sufficient in preventing
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Figure 3. Repeat testing strategy for the patients of coronavirus disease 2019 who need aiding in therapeutic intervention.
NAAT, nucleic acid amplification tests; BALF, bronchoalveolar lavage fluid.

*Consider antibody testing, if necessary.

the spread of infection®. In a preprint paper, the rates of posi-
tive viral culture in the early stages of the disease in antigen-
positive and antigen-negative cases were 96% and 20%, respec-
tively “. In a report using the rapid antigen test approved in
Japan in combination with viral culture, mainly in early-stage
specimens, the positive results of viral culture in antigen-posi-
tive and antigen-negative cases were 88% vs. 30% for the Esp-
line, 100% vs. 38% for QuickNavi, and 100% vs. 27% for Im-
munoAce “. Since some culture-positive cases were found in
antigen-negative cases, this may not be a perfect screening
method; however, it may help screen asymptomatic patients,
although it is not approved by the Japanese government ©.

In contrast, NAAT and quantitative antigen testing are
necessary for detecting the pathogen and aiding in therapeutic
intervention. COVID-19 causes severe disease 7-10 days after
onset ¥, and the amount of virus shed begins to decline!® .
In such cases, repeated NAAT using lower respiratory tract
specimens should be considered, as shown in Figure 3. An-
tibody testing may be considered in some cases, although it is
not often necessary.

In Japan, COVID-19 cases diagnosed by antibody testing
are not mandatorily reported to the government; moreover,
the antibody levels start increasing between days 7 and 14 after
the onset of symptom “, when the individual is no longer in-
fectious. Although the antibody test has limited clinical appli-
cations, it may be useful for epidemiological studies, deter-
mining the cause of symptoms when the virus is undetectable
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by NAAT and antigen tests such as MIS-C “, and evaluating

long-term complications ®”.
Conclusions

The clinical diagnosis of COVID-19 is slightly complicated,
although the acute diagnosis is significant to assess for infec-
tiousness to prevent the spread of the disease and detect the
virus to facilitate therapeutic intervention. With regard to in-
fection prevention, in many cases, the infection spreads from
asymptomatic infected individuals; therefore, laboratory diag-
nosis is essential for preventing further virus transmission.
NAAT and antigen tests are the mainstay of diagnosis, al-
though NAAT is highly sensitive and has resource limitations.
Antigen testing is less sensitive than NAAT, but it has relative-
ly high sensitivity and proves to be less resource-intensive for
diagnosis during periods of high infectivity. Depending on the
laboratory resources, using antigen testing as a screening test
for SARS-CoV-2 infection may be reasonable. However, if
there are treatment indications and a definitive diagnosis is to
be made, the more sensitive NAAT should be selected; fur-
thermore, the use of lower respiratory tract specimens and re-
peat testing should sometimes be considered. Newly approved
tests have both advantages and pitfalls; this necessitates better
characterization of the tests to inform the clinical application
of tests based on appropriate risk assessment in the context of
the likelihood of infections.



JMA Journal: Volume 4, Issue 2

DOI: 10.31662/jmaj.2021-0012
https://www.jmaj.jp/

Article Information

Conflicts of Interest

K. received research grants from Fujirebio, Inc., Mizuho Me-
dy, Co., Ltd., and VisGene Inc.; N.O. received grants from Sa-
nofi Pasteur and Eiken Chemical Co., Ltd., outside the sub-
mitted work.

References

1.

10.

11.

12.

NIID-J. Validation of SARS-CoV-2 gene testing method in
which clinical evaluation results were obtained using clinical
specimens [Internet]. [updated 2020 Oct 23; cited 2001 Jan
25]. Available from: https://www.niid.go.jp/niid/images/lab-
manual/2019-nCoV-17-current.pdf. Japanese.

. MHLW. List of authorized In Vitro Diagnostics (IVDs) for

COVID-19 [Internet]. [updated 2001 Jan 22; cited 2021 Jan
25]. Available from: https://www.mhlw.go.jp/stt/
newpage_11332.html.

. Hanson KE, Caliendo AM, Arias CA, et al. The Infectious

Diseases Society of America Guidelines on the Diagnosis of
COVID-19: molecular diagnostic testing. Clin Infect Dis.
2021;ciab048.

. MHLW. Guideline on the diagnosis of COVID-19, 3rd ed

[Internet]. [cited 2021 Jan 25]. Available from: https://
www.mhlw.go.jp/content/000725966.pdf. Japanese.

. Meister TL, Briiggemann Y, Todt D, et al. Virucidal efficacy of

different oral rinses against severe acute respiratory syndrome
coronavirus 2. ] Infect Dis. 2020;222(8):1289-92.

. LiY, Yao L, LiJ, et al. Stability issues of RT-PCR testing of

SARS-CoV-2 for hospitalized patients clinically diagnosed with
COVID-19. ] Med Virol. 2020;92(7):903-8.

. Singanayagam A, Patel M, Charlett A, et al. Duration of

infectiousness and correlation with RT-PCR cycle threshold
values in cases of COVID-19, England, January to May 2020.
Euro Surveill. 2020;25(32):2001483.

. Wikramaratna PS, Paton RS, Ghafari M, et al. Estimating the

false-negative test probability of SARS-CoV-2 by RT-PCR.
Euro Surveill. 2020;25(50):2000568.

. Mallett S, Allen AJ, Graziadio S, et al. At what times during

infection is SARS-CoV-2 detectable and no longer detectable
using RT-PCR-based tests? A systematic review of individual
participant data. BMC Med. 2020;18(1):346.

Kim H, Hong H, Yoon SH. Diagnostic performance of CT and
reverse transcriptase polymerase chain reaction for coronavirus
disease 2019: a meta-analysis. Radiology. 2020;296(3):E145-55.
Yamamoto K, Saito S, Hayakawa K, et al. When should
clinicians repeat SARS-CoV-2 RT-PCR?: repeat PCR testing
targeting patients with pulmonary CT findings suggestive of
COVID-19. Jpn J Infect Dis. 2020.

Eckbo EJ, Locher K, Caza M, et al. Evaluation of the BioFire®
COVID-19 and Respiratory Panel 2.1, for rapid identification
of SARS-CoV-2 in nasopharyngeal swab samples. Diagn
Microbiol Infect Dis. 2020;99(3):115260.

74

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Wolters F, van de Bovenkamp J, van den Bosch B, et al. Multi-
center evaluation of cepheid xpert®™ xpress SARS-CoV-2 point-
of-care test during the SARS-CoV-2 pandemic. J Clin Virol.
2020;128:104426.

Broder K, Babiker A, Myers C, et al. Test agreement between
Roche Cobas 6800 and Cepheid GeneXpert Xpress SARS-
CoV-2 Assays at high cycle threshold ranges. J Clin Microbiol.
2020;58(8):¢01187-20.

Van Ness ], Van Ness LK, Galas DJ. Isothermal reactions for the
amplification of oligonucleotides. Proc Natl Acad Sci USA.
2003;100(8):4504-9.

Eiken. Loopamp Novel Coronavirus (SARS-CoV-2) detection
kit [Internet]. [cited 2021 Jan 25]. Available from: http://
loopamp.eiken.co.jp/products/sars-cov-2/index.html. Japanese.
Department of Clinical Laboratory Medicine, Kyoto University
Graduate School of Medicine False positive results of SARS-
CoV-2 LAMP test when using the rapid extraction method
[Internet]. [cited 2021 Jan 25]. Available from: https://
www.kuhp.kyoto-u.ac.jp/~ict/clm/?p=417. Japanese.

Taki K, Yokota I, Fukumoto T, et al. SARS-CoV-2 detection by
fluorescence loop-mediated isothermal amplification with and
without RNA extraction. ] Infect Chemother.
2020;27(2):410-2.

Pham J, Meyer S, Nguyen C, et al. Performance characteristics
of a high-throughput automated transcription-mediated
amplification test for SARS-CoV-2 detection. J Clin Microbiol.
2020;58(10):e01669-20.

Dinnes J, Decks JJ, Adriano A, et al. Rapid, point-of-care
antigen and molecular-based tests for diagnosis of SARS-CoV-2
infection. Cochrane Database Syst Rev. 2020;8:CD013705.
Mitchell SL, George KS. Evaluation of the COVID19 ID NOW
EUA assay. ] Clin Virol. 2020;128:104429.

Smithgall MC, Scherberkova I, Whittier S, et al. Comparison of
Cepheid Xpert Xpress and Abbott ID Now to Roche Cobas
for the rapid detection of SARS-CoV-2. J Clin Virol.
2020;128:104428.

Harrington A, Cox B, Snowdon J, et al. Comparison of Abbott
ID Now and Abbott m2000 methods for the detection of
SARS-CoV-2 from nasopharyngeal and nasal swabs from
symptomatic patients. ] Clin Microbiol. 2020;58(8):¢00798-20.
Hirotsu Y, Maejima M, Shibusawa M, et al. Comparison of
automated SARS-CoV-2 antigen test for COVID-19 infection
with quantitative RT-PCR using 313 nasopharyngeal swabs,
including from seven serially followed patients. Int J Infect Dis.
2020;99:397-402.

Aoki K, Nagasawa T, Ishii Y, et al. Clinical validation of
quantitative SARS-CoV-2 antigen assays to estimate SARS-
CoV-2 viral loads in nasopharyngeal swabs. ] Infect Chemother.
2020;51341-321X(20):30428-1.

Plebani M, Aita A, Cattelan AM, et al. Frequent testing
regimen based on salivary samples for an effective COVID-19
containment strategy. medRxiv. 2020.10.13.20210013.
Fujirebio. Lumipulse SARS-CoV-2 Ag package insert
[Internet]. [cited 2021 Jan 25]. Available from: https://



JMA Journal: Volume 4, Issue 2

DOI: 10.31662/jmaj.2021-0012
https://www.jmaj.jp/

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

www.info.pmda.go.jp/tgo/pack/
30200EZX00035000_A_01_07. Japanese.

Nagura-Tkeda M, Imai K, Tabata S, et al. Clinical evaluation of
self-collected saliva by quantitative reverse transcription PCR
(RT-qPCR), direct RT-qPCR, reverse transcription-loop-
mediated isothermal amplification, and a rapid antigen test to
diagnose COVID-19. ] Clin Microbiol. 2020;58(9):e01438-20.
Kashiwagi K, Ishii Y, Aoki K, et al. Inmunochromatographic
test for the detection of SARS-CoV-2 in saliva. J Infect
Chemother. 2020;27(2):384-6.

Oltrogge JB, Baum RP, Lema KN, et al. How to overcome the
disturbing effects of human anti-mouse antibodies (HAMA) on
in vitro assays. Int ] Biol Markers. 1997;12(1):15-7.

Ogawa T, Fukumori T, Nishihara Y, et al. Another false-positive
problem for a SARS-CoV-2 antigen test in Japan. J Clin Virol.
2020;131:104612.

Tanimoto T, Matsumura M, Tada S, et al. Need for a high-
specificity test for confirming weakly positive result in an
immunochromatographic SARS-CoV-2-specific antigen test: a
case report. ] Microbiol Immunol Infect.
2020;S1684-1182(20):30272-3.

Yamamoto K, Suzuki M, Yamada G, et al. Utility of the antigen
test for coronavirus disease 2019: factors influencing the
prediction of the possibility of disease transmission. Int J Infect
Dis. 2021;104:65-72.

Yamaguchi I, Aoyama T, Yamamoto M, et al. Evaluation of the
sensitivity of a densitometry system, in judging the result of
influenza virus antigen-detection kit using
immunochromatography. Rinsho Biseibutshu Jinsoku Shindan
Kenkyukai Shi. 2014;24(2):69-70.

Aoki K, Nagasawa T, Ishii Y, et al. Evaluation of clinical utility
of novel coronavirus antigen detection reagent, Espline” SARS-
CoV-2.] Infect Chemother. 2020;27(2):319-22.

PMDA. Approval of detection kit for SARS-CoV-2 (CANON
MEDICAL SYSTEMS CORPORATION) [Internet]. [cited
2021 Jan 25]. Available from: https://www.pmda.go.jp/files/
000238281.pdf. Japanese.

LumiraDx. LumiraDx SARS-CoV-2 antigen test specifications
[Internet]. [cited 2021 Jan 25]. Available from: https://
www.lumiradx.com/assets/pdfs/covid-19-antigen-test/sars-
cov-2-ag-test-spec-sheet-us.pdf?v=1.

Kohmer N, Toptan T, Pallas C, et al. The comparative clinical
performance of four SARS-CoV-2 rapid antigen tests and their
correlation to infectivity in vitro. ] Clin Med. 2021;10(2):328.
Lieberman JA, Pepper G, Naccache SN, et al. Comparison of

75

commercially available and laboratory-developed assays for in
vitro detection of SARS-CoV-2 in clinical laboratories. ] Clin
Microbiol. 2020;58(8):e00821-20.

40. Galipeau Y, Greig M, Liu G, et al. Humoral responses and
serological assays in SARS-CoV-2 infections. Front Immunol.
2020;11:610688.

41. ImaiK, Tabata S, Ikeda M, et al. Clinical evaluation of an
immunochromatographic IgM/IgG antibody assay and chest
computed tomography for the diagnosis of COVID-19. J Clin
Virol. 2020;128:104393.

42. Lou B, Li TD, Zheng SF, et al. Serology characteristics of
SARS-CoV-2 infection after exposure and post-symptom onset.
Eur Respir J. 2020;56(2):2000763.

43. Rhee C, Kanjilal S, Baker M, et al. Duration of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infectivity:
when is it safe to discontinue isolation? Clin Infect Dis.
2020:ciaal249.

44. Mina M]J, Parker R, Larremore DB. Rethinking Covid-19 test
sensitivity—A strategy for containment. N Engl ] Med.
2020;383(22):¢120.

45. Pray IW, Ford L, Cole D, et al. Performance of an antigen-based
test for asymptomatic and symptomatic SARS-CoV-2 testing at
two university Campuses-Wisconsin, September-October 2020.
MMWR Morb Mortal Wkly Rep. 2021;69(5152):1642-7.

46. Pekosz A, Cooper C, Parvu V, et al. Antigen-based testing but
not real-time PCR correlates with SARS-CoV-2 virus culture.
medRxiv. 2020.10.02.20205708.

47. Yamayoshi S, Sakai-Tagawa Y, Koga M, et al. Comparison of
rapid antigen tests for COVID-19. Viruses. 2020;12(12):1420.

48. Huang C, Wang Y, Li X, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet.
2020;395(10223):497-506.

49. Jiang L, Tang K, Levin M, et al. COVID-19 and multisystem
inflammatory syndrome in children and adolescents. Lancet
Infect Dis. 2020;20(11):¢276-88.

50. Miyazato Y, Morioka S, Tsuzuki S, et al. Prolonged and late-
onset symptoms of coronavirus disease 2019. Open Forum
Infect Dis. 2020;7(11):0f2a507.

JMA Journal is an Open Access journal distributed under the Crea-
tive Commons Attribution 4.0 International License. To view the de-
tails of this license, please visit (http://creativecommons.org/
licenses/by/4.0/).




