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Antigen tests for COVID-19
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PCR diagnosis has been considered as the gold
standard for coronavirus disease 2019 (COVID-19) and
other many diseases. However, there are many problems
in using PCR, such as non-specific (i.e., false-positive)
and false-negative amplifications, the limits of a target
sample volume, deactivation of the enzymes used,
complicated techniques, difficulty in designing probe
sequences, and the expense. We, thus, need an alterna‐
tive to PCR, for example an ultrasensitive antigen test.
In the present review, we summarize the following three
topics. (1) The problems of PCR are outlined. (2) The
antigen tests are surveyed in the literature that was
published in 2020, and their pros and cons are discussed
for commercially available antigen tests. (3) Our own
antigen test on the basis of an ultrasensitive enzyme-
linked immunosorbent assay (ELISA) is introduced.
Finally, we discuss the possibility that our antigen test
by an ultrasensitive ELISA technique will become the
gold standard for diagnosis of COVID-19 and other
diseases.
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Introduction
The coronavirus disease 2019 (COVID-19) pandemic

is still ongoing at the end of 2020. Genomic sequencing
of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which causes COVID-19, revealed high
homology with SARS-related bat viruses belonging to the
genus β-coronavirus [1]. This genus is composed of
crown-like, enveloped, non-segmented, positive-sense
single-stranded RNA (+ssRNA) viruses (Fig. 1) [2]. The
3' terminus of the genome encodes four major structural
proteins, including a spike surface glycoprotein, small
envelope protein, membrane protein, and nucleocapsid
protein, as well as accessory proteins [3,4].
The nucleocapsid protein packages the RNA to form a

helical nucleocapsid. The spike protein facilitates viral
entry into host cells by using its receptor-binding domain
region to bind to the host cell receptors through
angiotensin-converting enzyme 2 (ACE2) as the main
receptor [5]. Therefore, the receptor-binding domain of
the spike protein is the major target for COVID-19 therapy.
For example, an anti-spike protein antibody assay is used
to screen serum containing high titers of SARS-CoV-2

We have proposed an ultrasensitive antigen test for the diagnosis of COVID-19. Our detection system is based on an ultrasensitive ELISA, and its
sensitivity is comparable to real-time PCR. In the present review, we surveyed the literature for the antigen tests for COVID-19 that was published
in 2020. Then, we discussed the possibility that our ultrasensitive ELISA technique will become the gold standard for diagnosis of COVID-19 and
other diseases.
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neutralizing antibodies targeting the spike proteins, and this
serum can be used to treat severe COVID-19 patients [6,7].

Since the appearance of COVID-19 in 2019 [8], many
useful diagnostic methods have been proposed [9–11].
Many university researchers as well as many governmental
organizations indicated that real-time reverse transcription-
polymerase chain reaction (PCR) for RNA in SARS-CoV-2
was the “gold standard” for the definite diagnosis of
COVID-19 [12–17]. However, there are many comments
regarding the limitations of PCR in the diagnosis, and these
comments sometimes recommended to combine chest
computed tomography (CT) together with PCR [18–21].
Chest CT has been established to play an important role in
detecting lung abnormalities, allowing for precise treatment.

However, because chest CT is not easy to use, the
improvement of PCR, without the chest CT, has been
conducted by various approaches in COVID-19 diagnosis
[9–11,13,22]. These approaches include, for example,
digital PCR and clustered regularly interspaced short
palindromic repeats (CRISPR). We ourselves began to
develop a new method without the amplification of nucleic
acids to overcome the limitations of PCR [23,24]. This
non-amplification method for the detection of nucleic acids
will be described elsewhere; however, in the present
review, the limitations of PCR are discussed in detail.

Following the discussion of PCR tests, we will describe
antigen tests, in which the proteins contained in
SARS-CoV-2 are detected for diagnosis of COVID-19.
Antigen tests are rapid, low-priced, and easy-to-use in the
diagnosis of COVID-19 [25]. However, the sensitivity of
antigen tests is generally worse than the PCR tests, even
though the specificity is high enough compared with PCR
[26]. To overcome this disadvantage, various approaches,

Figure 1 Scheme of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). This virus belongs to the genus
β-coronavirus, and it is a crown-like, enveloped, non-segmented,
positive-sense single-stranded RNA (+ssRNA) virus. There are four
major structural proteins, including a spike surface glycoprotein,
small envelope protein, membrane protein, and nucleocapsid protein.

including our new system, have attempted to improve
the sensitivity in antigen tests [27]. The results of this
improvement are discussed in the present review. We hope
that the improvement of antigen tests will promote their
use. The use of antigen tests is clearly beneficial.

From the viewpoint of biophysics, the development of
precise measurements of nucleic acids and proteins is so
important for all the fields of biology and medicine. For
example, after PCR was developed by Kary Banks Mullis
[28], the progress in biology and medicine has been
striking. In addition, PCR can amplify nucleic acids,
resulting in detection of a small number of copies, whereas
we have no methods to amplify proteins, failing to measure
a trace amount of proteins. However, we have to take
notice that proteins, not nucleic acids, function almost all
cases in organisms. Thus, we have to develop precise,
quantitative measurement methods for a trace amount of
proteins to promote biology and medicine.

Limitations of PCR
The PCR tests have the advantage in the limit of

detection (LOD), e.g., a few copies/assay for various
nucleic acids [29], including SARS-CoV-2 RNA [30].
However, the weakness of PCR is indicated in the
following points [31]. (1) Non-specific (i.e., false-positive)
and false-negative amplifications are often obtained.
Designed primers may cross-react with non-specific nucleic
acids of other viruses, bacteria, and contaminations in a
laboratory, possibly raising the false-positive results. On
the other hand, false-negative results are easily produced by
unskilled technicians. The false-negative results may also
be caused by mutations in the target gene. That is, the
designed primers or probes may not recognize the targets.
Designing primer and probe sequences is not easy (Fig. 2).

(2) The limit of a target sample volume may cause issues.
If the target nucleic acids are included in a small amount of
assay volume (e.g., microliter order), PCR can detect the
target nucleic acids. However, it is typically difficult to
sample the target nucleic acids in a microliter handling
volume, whereas it is much easier to obtain them in a
milliliter volume (Fig. 2). In addition, (3) PCR takes time;
(4) PCR is expensive; (5) PCR techniques are complicated;
and (6) the enzymes used are deactivated during a PCR
procedure, and so forth. The weakness of PCR has thus
motivated many researchers to develop antigen tests for the
proteins in SARS-CoV-2.

Antigen Tests for COVID-19
The World Health Organization (WHO) stated in April,

2020 that it did not “recommend the use of antigen-
detecting rapid diagnostic tests for patient care, although
research into their performance and potential diagnostic
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utility is highly encouraged” [32]. In this WHO judgement,
the main weakness of antigen tests is the low sensitivity,
resulting in many false-negative responses. In addition, an
important editorial published in Science in May, 2020
concluded that, although coronavirus antigen tests are quick
and cheap, they are too often wrong [33]. So far, the
antigen tests, for example for influenza viruses, have been
reported to have poor sensitivity in comparison with PCR
[34,35].

However, in 2020, the opinion was divided on the
usefulness of antigen tests. There were many negative
reports. Scohy et al. pointed out that a rapid immuno‐
chromatographic test for the detection of SARS-CoV-2
antigen provided the poor sensitivity (30.2%) compared
with ‘gold standard’ PCR, suggesting that it should not be
used alone as the frontline testing for COVID-19 diagnosis
[36]. Mak et al. also indicated that a rapid immuno‐
chromatographic antigen test was 105-fold less detection-
sensitive than PCR for SARS-CoV-2, and it detected only
between 11.1% and 45.7% of PCR-positive samples
obtained from COVID-19 patients [37]. They concluded
that a rapid antigen test can serve only as an adjunct to the
PCR test.

On the other hand, there are some papers insisting that
rapid antigen tests should be used for the first-line
diagnosis of COVID-19. Mertens and colleagues used an
immunochromatographic assay for the rapid detection of
SARS-CoV-2 antigen and found 57.6% sensitivity and
99.5% specificity, with an accuracy of 82.6% [38]. Even
though the sensitivity appeared low, the specificity was
high enough, and the detection time was only 15 min. Thus,
they suggested that the antigen tests are complementary to
the PCR. There was another report to recommend the use of
antigen tests in the diagnosis of SARS-CoV-2 infection to
control the spread of infection [26].

Various other reports regarding the performance of the
commercially available rapid antigen tests have been

published from Germany [39], India [40], Italy [41], Spain
[42,43], Thailand [44], and USA [45]. All these results
indicated that the sensitivity was decent (70.6%–100%) and
the specificity was high (96%–100%). The results from a
meta-analysis of published papers showed that the average
sensitivity was 56.2% (95% CI: 29.5% to 79.8%), and the
average specificity was 99.5% (95% CI: 98.1% to 99.9%)
[25]. That is, the high specificity of antigen tests for
COVID-19 was remarkable. From the viewpoint of the
emergency use listing procedure (EUL) by the WHO [46],
we could find the 2 antigen tests: Panbio COVID-19 Ag
Rapid Test by Abbott Rapid Diagnostics and STANDARD
Q COVID-19 Ag Test by SD BIOSENSOR [47,48]. Some
papers reported that the sensitivity was not so high for these
antigen tests even though they were a little better than the
tests that were not listed on EUL [49–51].

As can be seen, the antigen tests generally had low
sensitivity and high specificity. Regarding the problem of
specificity, we noted two papers on a commercially
available antigen test in Japan [52]. One is the paper
reported by Hirotsu and colleagues, describing that, in
comparison with the PCR results, the antigen test based on
chemiluminescence enzyme immunoassay exhibited 55.2%
sensitivity and 99.6% specificity, with a 91.4% overall
agreement rate [53]. They concluded that this antigen test
may be helpful for monitoring viral clearance in
hospitalized patients, because the specificity was so high
(i.e., 99.6%). In other words, the false-positive results
seemed very rare. However, the other paper reported by
Ogawa et al. excited attention that this antigen test may
offer some false-positive results [54]. The Ministry of
Health, Labour, and Welfare of Japan permits the definitive
diagnosis of COVID-19 without PCR when the antigen test
shows positive [55]. Therefore, Ogawa et al. warned that
the use of antigen tests in Japan, which are prone to false
positive, may create a situation in which false-positive
patients who are not infected with SARS-CoV-2 are at risk

Figure 2 Some limitations of PCR. (a) Non-specific (i.e., false-positive) amplifications are easily obtained by the effects of other viruses,
bacteria, and contaminations in a laboratory. (b) The handling volume for PCR is usually a μL order, possibly failing to capture the target nucleic
acids (see the left panel). If it becomes a 100 μL order or more, like that of a microplate reader well, the chance of capturing the target nucleic
acids becomes larger (see the right panel).
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of nosocomial infection [54]. That is, the use of antigen
tests is dangerous for admission into a hospital.

Recently, new techniques have been used for antigen
tests of SARS-CoV-2. A study using a fluorescence
immunochromatographic antigen test for SARS-CoV-2
showed 93.9% sensitivity and 100% specificity for the
patients who displayed the symptoms within a week [56].
The authors suggested that this antigen test will become an
important tool in situations with limited access to molecular
methods. Another study using a fluorescence immuno‐
chromatographic assay also provided good data regarding
both the sensitivity and specificity [57]. This showed that
the sensitivity was 75.6%, and the specificity was 100%.
These results suggest that fluorescence immunochromato‐
graphic antigen tests are potentially useful for COVID-19
diagnosis in the early phases of infection. In addition, there
is a rapid detection system achieved by an integration of
nanozyme and enzymatic chemiluminescence immuno‐
assay with a lateral flow strip [58]. This antigen test
targeted the spike protein, even though almost all the tests
used the nucleocapsid protein. This system provides a
high-sensitive point-of-care testing (POCT) approach for
SARS-CoV-2 antigen detection.

Principles of Ultrasensitive Enzyme-Linked
Immunosorbent Assay (ELISA)

In the following two sections, we introduce our own
antigen test for COVID-19. Antigen tests detect proteins.
Regarding proteins, they cannot be amplified, whereas

nucleic acids can be amplified in a PCR procedure [28].
Our idea, thus, amplifies the detectable signal for a trace
amount of proteins (Fig. 3). The quantitative detection for a
trace amount of proteins is achieved by sandwich ELISA
with two different antibodies specific to the target protein.
ELISA is an easy, rapid, specific, and highly sensitive
detection method and, thus, has been widely used as a
diagnostic tool in medicine and for quality-control checks
in various industries [59].
The primary antibody is used for immobilization, and the

secondary antibody is linked with an enzyme that converts
a substrate to another form. For example, when alkaline
phosphatase (ALP) is used as a labeled enzyme, it
dephosphorylates a phosphorylated molecule as the applied
substrate. Most commonly, this produces a color change in
the substrate—that is, a detectable signal. This detectable
signal changes linearly with time, and thus it is difficult to
achieve high detection sensitivity.
Therefore, we combined a sandwich ELISA with another

method (Fig. 3). This is an amplification technique of
molecules (i.e., substrates) as a result of the continuous
reaction of the enzyme function, and this is called an
enzyme cycling method [60,61]. Generally, this technique
uses two different enzyme reaction systems in which each
enzyme independently and cooperatively acts on the same
substrate in a different way. However, we decided to use
only one enzyme to reduce the number of enzymes for an
easy decision regarding the optimal conditions, as we use
another one, ALP, for the ELISA reaction.
This cycling enzyme is 3α-hydroxysteroid dehydro‐

Figure 3 Schematics of ultrasensitive enzyme-linked immunosorbent assay (ELISA) by combining sandwich ELISA with thio-NAD cycling.
(a) Two antibodies used in ELISA specifically target a pathogenic protein. (b) The second antibody is labeled with alkaline phosphatase, which
hydrolyzes a substrate containing phosphate. The hydrolyzed substrates are used in thio-NAD cycling. (c) Thio-NAD cycling employs
3α-hydroxysteroid dehydrogenase (3α-HSD) and its coenzymes (NADH and thio-NAD). (d) Thio-NADH accumulates in a triangular manner and
can be measured at 405 nm.
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genase (3α-HSD) [62]. In this cycling reaction, 3α-HSD
catalyzes a substrate cycling between 3α-hydroxysteroid
and its corresponding 3-ketosteroid in the presence of an
excess amount of NADH and thionicotinamide-adenine
dinucleotide (thio-NAD), and both of them are cofactors of
3α-HSD [63]. That is, in each turn of the cycle, the
3α-hydroxysteroid is subsequently oxidized to a 3-ketosteroid
via 3α-HSD using thio-NAD as a cofactor. In the reverse
reaction, the 3-ketosteroid is reduced to 3α-hydroxysteroid
by 3α-HSD using NADH as the cofactor.
Thio-NAD is reduced to thio-NADH, which can be

measured directly by an increase in the absorbance at 400
nm (11900 M–1 cm–1), e.g., 405 nm with a commercially
available microplate reader, without any interference from
other cofactors, such as thio-NAD, NAD, and NADH, the
absorbance maximums of which are all under 340 nm. This
method is now referred to as thio-NAD cycling. These
features make it possible to determine the amount of
3α-hydroxysteroids with high sensitivity by measuring
the cumulative quantity of thio-NADH. However, this
detectable signal also changes linearly with time.

Let us combine a sandwich ELISA and thio-NAD cycling
(Fig. 3). We call this detection system ‘ultrasensitive ELISA’,
because it can detect ALP at the order of 10–20 moles
[23,64]. The thio-NADH signal intensity is expressed as

a × b × ∑
k = 1

n

k =  a ×  b ×  n n + 1
2

where a is the turnover ratio of ALP per minute, b is the
cycling ratio of 3α-HSD per minute, and n is measurement
time in minutes. In our experiments performed recently,
the primary substrate applied to ultrasensitive ELISA was
17β-methoxy-5β-androstan-3α-ol 3-phosphate, and the signal
generated at 405 nm was normalized to a signal at 660 nm
[24]. This ultrasensitive approach required minimal equip‐
ment other than a relatively inexpensive microplate reader,
thus, making it feasible for most laboratories.

A De Novo Antigen Test for COVID-19 Using
Ultrasensitive ELISA

In 2020, we attempted to develop a de novo antigen test
for COVID-19 diagnosis [27]. An increase in the
‘sensitivity’ of antigen tests is an important issue as
described above. For this purpose, we attempted to increase
the ‘detection sensitivity’ of our antigen test using an
ultrasensitive ELISA that is hopefully comparable to that
of PCR. Then, we noticed the spike proteins, not the
nucleocapsid proteins, because the nucleocapsid proteins of
SARS-CoV-2 also recognize those of SARS-CoV (Fig. 1).
Thus, these two characteristics in our antigen test brought
about striking results.

When the antibodies for S1 spike proteins were used, the
LOD was 2.3 × 10–18 moles/assay (i.e., 1.8 pg/mL) [27].

This value was determined using the calibration curve for
the target protein. Next, we consider how ultrasensitive our
developed antigen test is. It was reported that there are
about 25 S1 spike proteins on one virus [65]. Therefore, the
detection of the S1 spike proteins by our antigen test means
that the virus itself can be detected at about 10–20 moles/
assay. In other words, the RNA of the virus can be detected
at about 104 copies/assay.
This detection sensitivity closes in that of the PCR tests,

as it is difficult to detect naso- and oro-pharyngeal
specimens at <105 virus RNA copies/swab by a PCR test in
a laboratory [66,67]. The potential cross reactions of our
SARS-CoV-2 detection system were examined by using
another coronavirus, SARS-CoV. The absorbance for
SARS-CoV-2 was significantly higher than that of
SARS-CoV, and thus our system distinguished SARS-CoV-2
from SARS-CoV [27]. In other words, our ultrasensitive
detection method opened up the possibility of overcoming
the drawbacks of PCR and establishing a new antigen test
specific to COVID-19.

Various State of the Art Diagnostic Methods
In addition to the PCR and antigen tests, many unique

approaches have emerged for COVID-19 [31]. One of these
is isothermal amplification methods [68]. They do not
require any thermal cycling, leading to easy operation and
requiring less energy than PCR, which requires rapid
heating and cooling steps. These include loop-mediated
isothermal amplification (LAMP) [69], multiple displace‐
ment amplification (MDA) [70], recombinase polymerase
amplification (RPA) [71], circle-to-circle amplification
(C2CA), and rolling circle amplification (RCA) [72]. The
sensitivity and specificity are properly 100% [71,73].

Another new method is a CRISPR assay. This assay
detects DNA or RNA using nucleic acid pre-amplification
combined with CRISPR-associated nuclease (Cas)
enzymology for the specific recognition of sequences (see
[74] for detailed method of CRISPR assays). The
usefulness of CRISPR-Cas assays for COVID-19 diagnosis
has been strongly indicated [75–77]. The versatility of Cas
effectors, including Cas9, Cas12, Cas13, and Cas14, was
confirmed to work for nucleotide sensing with high
sensitivity at zeptomolar concentrations (10–21 M) and good
selectivity (i.e., single nucleotide resolution) [77].

Let us return to the limits of PCR. PCR requires a long
duration. To reduce this time, methods are needed to
release and enrich SARS-CoV-2 RNA effectively [78,79].
For example, the use of selective electrokinetic
concentration enabled to achieve one-step, liquid-phase
nucleic acid purification that is simpler and faster than
conventional solid-phase extraction [80]. This method
performed PCR in a microfluidic chamber, likely offering a
POC diagnosis in the future.
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Specimens for COVID-19 Diagnosis
Although the diagnosis methods described above are

different in their detection mechanisms, the quality of
specimens collected from the patients of COVID-19 is very
important in all diagnoses. Here, three types of specimens
are discussed.

Naso- and oro-pharyngeal swabs
The PCR and antigen tests typically use naso- and

oro-pharyngeal swabs for the examination of upper
respiratory specimens to detect SARS-CoV-2. The
nasopharyngeal specimens are thought to be more sensitive
than the oropharyngeal ones [67,81]. Flocked nylon swabs
are thought to be suitable, because they can collect a higher
volume of specimens compared with cotton, polyester, or
rayon swabs [82]. Naso- and oro-pharyngeal swabs should
be used for early diagnosis [83].

Saliva
Saliva is now being used for the PCR diagnosis. Saliva

collection is easier than swab sampling, because it can be
done by the patient. However, the sensitivity compared
with nasopharyngeal swabs was divided in every report.
Whereas some studies reported that the use of saliva
showed a similar sensitivity to nasopharyngeal swabs for
COVID-19 diagnostic tests [84–86], others reported
slightly lower sensitivity [87].

Sputum
Sputum collection is also easier than swab sampling.

However, because not every patient produces sputum,
in this case, we must use a clinical induction method [88].
A higher chance to detect SARS-CoV-2 by using sputum
compared with naso- and oro-pharyngeal swabs [67,89]
was reported, even in the clinically induced sputum [90].

Symptoms in COVID-19 and Expected Diagnosis
The WHO announced that COVID-19 affects different

people in different ways. Most infected people will develop
mild to moderate illness and recover without hospitali‐
zation [91]. According to the WHO, the most common
symptoms are fever, dry cough, and tiredness. The less
common symptoms include aches and pains, sore throat,
diarrhea, conjunctivitis, headache, loss of taste or smell,
and a rash on skin or discoloration of the fingers or toes.
The serious symptoms are difficulty breathing or

shortness of breath, chest pain or pressure, and loss of
speech or movement. Some reports showed that the
symptoms varied from mild flu-like symptoms to very
severe respiratory symptoms [92,93]. In any case, it is not
so easy to diagnose which infectious disease the patient
contracts. For this purpose, our diagnosis system based on

an ultrasensitive ELISA using microplates is suitable,
because an ELISA can be used for a multiplex,
simultaneous, high throughput detection.

In particular, middle-aged and elderly people with
chronic diseases should be diagnosed quickly and
accurately. Children and youth have lower rates of
COVID-19 infection compared to middle-aged and elderly
people [94–96]. If the patients have chronic diseases, for
example hypertension [97,98], diabetes [99,100], and
chronic obstructive pulmonary disease [101], they are also
vulnerable [102–104]. Thus, a multiplex, simultaneous
diagnosis, like our system, becomes a key tool for
COVID-19.

Versatility of Our Antigen Test Based on
Ultrasensitive ELISA
The antigen test based on an ultrasensitive ELISA

method that we developed is extremely versatile if the
antibodies against the target proteins are available. For
tuberculosis, this ultrasensitive ELISA provided almost the
same detection sensitivity as the culture test that is
considered a definitive diagnosis (i.e., the gold standard).
However, the culture tests take too much time for the
bacteria (Mycobacterium tuberculosis) to increase. In our
diagnosis, heat treatment induced the bacteria to secrete a
very small amount of protein called MPT64 [105].
Therefore, the detection of MPT64 provides the diagnosis
of tuberculosis in a few hours [106].

On the other hand, for the diagnosis of acquired
immunodeficiency syndrome (AIDS), the detection of the
human immunodeficiency virus (HIV)-1 p24 antigen is
required in a fourth generation HIV test [107]. The LOD of
HIV-1 p24 in our ultrasensitive ELISA was 0.0065 IU/assay
(i.e., ca. 10–18 moles/assay) [108]. Because the HIV-1 p24
antigen is thought to be present in the virion in much
greater numbers than viral RNA copies, the value of 10–18

moles of the p24/assay corresponds to ca. 103 copies of
the HIV-1 RNA/assay. This data is comparable to that of
the PCR.

Our ultrasensitive ELISA is useful not only for the
diagnosis of infectious diseases but also for various tests
for lifestyle-related diseases, for example diabetes [64,109].
Adiponectin is a protein, hormone, and adipokine that is
involved in regulating the glucose levels and fatty acid
breakdown, and it is decreased in the plasma of patients
with visceral obesity and type 2 diabetes [110]. Our system
enabled examination of the progression of chronic kidney
disease derived from type 2 diabetes by a non-invasive test
measuring a trace amount of adiponectin in urine [111,112].

Conclusions
At present, we would like to state that a gold standard for
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COVID-19 diagnosis has not yet been established. In other
words, the PCR methods are not the gold standard
[113,114]. Researchers confirmed that PCR has limitations
in the sensitivity [58]. In the present review, we
characterized PCR tests and antigen tests and introduced
our new, ultrasensitive ELISA method as an antigen test for
COVID-19 diagnosis with the aim to be an alternative
of PCR. By making an increased effort with an increase in
the sensitivity and specificity of our new ultrasensitive
ELISA-based antigen test, we believe that our diagnosis
system can become a gold standard for diagnosis.

In the end of 2020, the world has run into some new
variants of SARS-CoV-2 [115]. Analysis of genome
sequences for SARS-CoV-2 obtained in a rapid increase of
COVID-19 in the United Kingdom clarified that a large
portion of cases belonged to a new single phylogenic
cluster [116]. The nomenclature of one variant was
determined as VOC-202012/01 [117]. This variant was
significantly more transmissible than previously circulating
variants. For example, this variant was estimated to
increase the productive number by 0.4 and to increase
transmissibility of up to 70% [116]. This variant is especially
characterized by multiple spike protein mutations (deletion
69-60, deletion 144, N501Y, A570D, D614G, P681H,
T716I, S982A, and D1118H) [115,117]. That is, when we
use the antigen tests targeting the spike proteins in
SARS-CoV-2, we must note these mutations. The European
Centre for Disease Prevention and Control explained one
possibility for the emergence of this variant due to the
prolonged SARS-CoV-2 infection in a single patient,
potentially with reduced immunocompetence. Such
prolonged infection may lead to accumulation of immune
escape mutations at an elevated rate [116].
Therefore, because the mutation regions in the virus

appear mainly in the spike protein, we do not know
whether the antibodies produced against the original spike
protein can recognize the new variant spike proteins. On
the other hand, the mutations rarely occur in the
nucleocapsid proteins. Thus, we should target both spike
proteins (i.e., proteins outside the envelop) and
nucleocapsid proteins (i.e., proteins inside the envelop) to
detect variants.

Although we focused on antigen tests for COVID-19 in
the present review, the fact that proteins can be measured
with ultra-high sensitivity indicates that the proteins
contained in a single cell are likely measured directly [118].
Furthermore, we believe that we have to offer a versatile
and easy-to-use method to the public. When a great
measurement method is developed but it is not easy to use,
we do not think it makes sufficient contribution to science.
The cost for ultrasensitive ELISA is estimated to be 10
USD at the highest per test. Because that of PCR is now
about 20 USD per test, the cost of ultrasensitive ELISA is
more inexpensive. In this way, our ultrasensitive ELISA

can be widely applied from clinical applications to basic
biology. Finally, regarding antibody tests for COVID-19,
there are several good review articles [119–121].
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