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Molecular Targets for the Testing of COVID-19
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The pandemic outbreaks of coronavirus disease 2019 (COVID-19), caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), spread all
over the world in a short period of time. Efficient identification of the infection
by SARS-CoV-2 has been one of the most important tasks to facilitate all the
following counter measurements in dealing with the infectious disease. In
Taiwan, a COVID-19 Open Science Platform adheres to the spirit of open
science: sharing sources, data, and methods to promote progress in academic
research while corroborating findings from various disciplines has established
in mid-February 2020, for collaborative research in support of the
development of detection methods, therapeutics, and a vaccine for COVID-19.
Research priorities include infection control, epidemiology, clinical
characterization and management, detection methods (including viral RNA
detection, viral antigen detection, and serum antibody detection),
therapeutics (neutralizing antibody and small molecule drugs), vaccines, and
SARS-CoV-2 pathogenesis. In addition, research on social ethics and the law
are included to take full account of the impact of the COVID-19 virus.

1. The virus

The pandemic outbreaks of coronavirus disease 2019 (COVID-
19) were first discovered in Wuhan, Hubei, China, in Decem-
ber 2019. The COVID-19 was caused by the novel coronavirus,
namely severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). It took 30 days to spread to all provinces of China[1]

and has been reported from about 200 countries by March 30,
2020.[2] The SARS-CoV-2 was named because it shares 88% nu-
cleotide similarity to two bat-derived severe acute respiratory
syndrome (SARS)-like coronaviruses and 79% similarity to se-
vere acute respiratory syndrome coronavirus (SARS-CoV) that ap-
peared in 2003 which affected 26 countries and killed about 800
people.[3,4] There are four common types of human coronavirus
that have been reported such as HKU1, NL63, 229E, and OC43
that cause themild symptomof commonflu,whereas SARS-CoV,
Middle East respiratory syndrome-related coronavirus (MERS-
CoV), and novel SARS-CoV-2 were reported causing severe or fa-
tal symptoms. The coronavirus is an enveloped, non-segmented
positive-sense, and single-stranded RNA virus with a crown-like

appearance. Figure 1 shows the coronavirus

S. K. Yong, P.-C. Su, Prof. Y.-S. Yang
Department of Biological Science and Technology
National Chiao Tung University
Hsinchu 300, Taiwan
E-mail: ysyang@mail.nctu.edu.tw

The ORCID identification number(s) for the author(s) of this article
can be found under https://doi.org/10.1002/biot.202000152

DOI: 10.1002/biot.202000152

structure that composes four types of pro-
tein, such as spike glycoprotein (S), enve-
lope protein (E), membrane protein (M),
and nucleocapsid protein (N). The S pro-
tein is playing an important role in in-
vading into the host, by interacting with
human receptor angiotensin-converting en-
zyme 2 (ACE2). The receptor-binding do-
main (RBD) of S protein contributed its
immunogenic that attracted many neutral-
izing antibodies.[5,6] They are all poten-
tial molecular targets for the identification
of SARS-CoV-2 infection. Currently, there
is no specific therapeutic drug or vaccine
for COVID-19; therefore, it is necessary
to deploy a robust diagnostic methodology
which is rapid, accurate, and ultrasensitive
to isolate infected patients from the healthy
population.

2. Viral RNA

The testing of SARS-CoV-2 is grouped into molecular testing
and serology testing. The molecular testing includes nucleic acid
amplification test (NAAT) such as real-time reverse-transcription
polymerase chain reaction (rRT-PCR).[7] According to World
Health Organization (WHO) interim guidance on laboratory test-
ing of COVID-19 in suspected human,[7] the respiratory ma-
terials were required to collect to perform NAAT. The unique
sequence RNA of the virus including nucleocapsid (N), enve-
lope (E), spike protein (S), and RNA-dependent RNA-polymerase
(RdRP) genes are targeted to analyze using rRT-PCR.[8] On Jan-
uary 23, 2020, the first COVID-19 detection kit using rRT-PCR
was published which targeted RdRP, N, and E genes of SARS-
CoV-2.[8] As of now, there are many in-house or commercial
COVID-19 molecular assays available from worldwide, for in-
stance, 1) “CDC 2019-nCoV real-time reverse transcriptase PCR
diagnostic panel” was developed by the United States Centers for
Disease Control and Prevention. This diagnostic panel is working
with Applied Biosystems 7500 Fast DX Real-Time PCR Instru-
ment with SDS 1.4 software; 2) “New coronavirus nucleic acid
assay” which targeted on ORF1ab and N genes was developed by
Chinese National Institute for Viral Disease Control and Preven-
tion; 3) Molecular test kits from four companies such as Seegene
Inc., Kogene Biotech Co. Ltd., Sd Biosensor Inc., and Solgent Co.
were approved by Ministry Food and Drug Safety and Korea Cen-
ters for Disease Control and Prevention which are now widely
being used in South Korea.[9] Primer and probe design are criti-
cal for the detection of or viral RNA that is easy to mutate. Taiwan
Centers for Disease Control provides rRT-PCR primers targeting
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Figure 1. Typical structure of Betacoronaravirus virion.

E, RdRp, and N genes for first-line screening, confirmatory, and
additional confirmatory assay, respectively.
The outbreaks of the COVID-19 pandemic have led to an

increase of thousands of active cases every day all over the
world, and we are racing against time to find a test to quickly
detect the virus and isolate the infected patient from healthy
population to stop the virus transmission from a further out-
break. The United States Food and Drug Administration is mov-
ing fast to approve a few COVID-19 molecular test kits un-
der Emergency Use Authorization powers. Cepheid Inc., Mesa
Biotech Inc., and BioFire Defense LLC were recently granted
Food and Drug Administration (FDA) approval of their rapid
diagnostic test that could give the test result reduced to 1 h
compared to traditional RT-PCR methods that required 3–4 h.
On March 27, 2020, Abbott announced the launch of a molecu-
lar point-of-care test, which uses an isothermal RNA amplifica-
tion method to deliver positive results in 5 min and negative re-
sults in 13 min. It is expected to produce about 5 million tests
per month (https://www.abbott.com/corpnewsroom/product-
and-innovation/detect-covid-19-in-as-little-as-5-minutes.html).

3. Viral Proteins

In addition to its RNA, the S and the N proteins are frequent tar-
gets for the detection of conorovirus. In contrast to that of the
RNA, the development of a detection kit on viral proteins is still
in progress. A probe, usually a specific antibody, is needed be-
fore a successful viral protein detectionmethod can be developed.
In early March 2020, Academia Sinica, Taiwan, reported the first
monoclonal antibody against N protein of Sars-CoV-2. With their
antibody library in hand, the team screened against N proteins
from seven different viral species to obtain 1 antibody against
only SARS-CoV-2 N protein, 9 against only SARS-CoV N protein,
and 36 against both SARS-CoV-2 and SARS-CoV N proteins.[10]

The results indicated that rapid immune-based test kit of SARS-

CoV-2 coronavirus can be developed in the future. It also shows
the complexity and time consumed in obtaining and screening
an antibody for an unbiased test targeting specific viral protein.
The procedure for the preparation of specific antibody from lab-
oratory animal has been very well established and it could be ex-
pected that numerous antibodies specific for a SARS-CoV-2 pro-
tein will be reported soon. 25 strains of antibodies from three
COVID-19 patients have also been prepared from Chang Gung
Memorial Hospital, Taiwan. There are 13 strains of monoclonal
antibodies (mAbs) targeting on S protein, and 12 strains of mAbs
targeting on N protein of the SARS-CoV-2. These antibodies, es-
pecially those targeting on S protein, can be a potential probe for
the detection of S protein or the whole SARS-CoV-2 virus. The
advantage of immune-based vial detection is its simplicity and
speed (within 15 min). However, the antibodies prepared from
SARS-CoV-2 protein antigen may cross-react with proteins from
other similar viruses such as SARS-CoV and MERS, and thus a
tedious screening procedure is needed before a specific testing
kit can be developed.

4. Viral Induced Proteins

As aforementioned, the serology testing of COVID-19 is not tar-
geting the virus itself but the antibodies such as immunoglob-
ulin M (IgM) and immunoglobulin G (IgG) induced following
viral infection. These immunoglobulins were serological testing
markers for after the patient has early (3–6 days after exposure
to the virus, IgM) and late virus infections (after 8 days, IgG) re-
sponse respectively.[11] The serological testing is crucial to iden-
tify active patients, asymptomatic carriers or convalescent per-
sons, and provide population surveillance. These data could be
used to analyze and estimate the SARS-CoV-2 epidemiology and
virology[12] and help to contain the outbreak of the pandemic. The
highly reactive human could be the donor of convalescent serum
for therapeutic.[13] The WHO interim guidance on COVID-19

Biotechnol. J. 2020, 15, 2000152 © 2020 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim2000152 (2 of 3)



www.advancedsciencenews.com www.biotechnology-journal.com

testing suggested collecting blood, stool, or autopsy mate-
rials such as lungs (deceased patients) as serology testing
specimens.[7] As it has been reported that several factors could
contribute to a high false-negative rate when using NAAT, serol-
ogy testing should also be taken into consideration as alterna-
tive testing or correlation testing.[14] There are companies such
as Guangzhou Wondfo Biotech, China; Innovita Biological Tech-
nology, China; Pharma (Berlin), Germany; and RayBiotech Inc.,
USA, that have released various types of test kits that specifically
test on COVID-19 IgM and IgG.

5. Summary and Perspective

Specificity and sensitivity are two fundamental requirements
for an effective diagnosis. It is also important that the testing
method is user friendly. RNA detection is the most frequently
usedmethod for the identification of COVID-19 patients because
this method is extremely sensitive due to the power of nucleic
acid amplification and also highly specific by using complemen-
tary nucleic acid probe/primer for the identification of a particu-
lar RNA. The major drawback in such an emergency situation is
probably the requirement of well-trained personnel and lengthy
testing time (usually 3–4 h) to run the test. However, it has been
announced that positive/negative COVID-19 can be determined
in about 10 min by using the isothermal amplification method.
This may due to the simplification of the NAAT procedure and
the high amount of the SARS-CoV-2 at the beginning of the in-
fection to be detected.
Detections on viral proteins, such as S and N proteins, give

complementary information to that of RNA detection from the
same sample. This method is more direct (without amplifica-
tion), but is less sensitive. It needs more effort to obtain a suit-
able probe (usually antibody), but the testing method can be sim-
ple. Recent developments in biosensing technologies can signifi-
cantly improve the protein sensing sensitivity, such as the use of
magnetic bead to concentrate the protein molecules or by apply-
ing nanowire field-effect transistor as a transducer. Many of the
entrepreneurs may take this opportunity to fasten their product
development. Serology testings targeting on viral-induced anti-
bodies are given different information as those for viral RNA and
proteins from SARS-CoV-2. Although the protein testingmethod
is similar, the targets are not part of the virus and the testing spec-
imens used can be quite different as compared to those for viral
protein detection.
It is unfortunate that the world is currently suffering from the

COVID-19 epidemic. However, we should expect that such an in-
cident would reappear. We wish that the world would be better
prepared every time we face a potential spread of an infectious
disease. Biosensing technologies have progressed rapidly in the
past decade. The pandemic outbreaks of COVID-19 continue to
remind us that diagnostic tools are critical and needed to be pre-
pared in advance.
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