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Abstract. COVID-19 is caused by a novel coronavirus
(2019-nCoV or SARS-CoV-2) and has become a global public
health emergency. Rapid and accurate molecular diagnostic
technologies are crucial for the screening, isolation, treatment,
prevention and control of COVID-19. Currently, nucleic acid
detection-based techniques and rapid diagnostic tests that detect
antigens or antibodies specific to 2019-nCoV infections are the
primary diagnostic tools. China National Medical Products
Administration has opened a special channel for approval
of new pharmaceuticals owing to urgent clinical needs, with
18 nucleic acid detection kits, 11 protein detection kits and
1 sequencing-related equipment and supporting software
having been approved until April 23, 2020. The current review
summarizes the application situation, advantages, disadvantages
and associated technology improvement trends of molecular
diagnostics for COVID-19 in China, identifies knowledge gaps
and indicates future priorities for research in this field. The
most effective way to prevent and control COVID-19 is early
detection, diagnosis, isolation and treatment. In the clinical
application of molecular diagnosis technology, it is necessary
to combine pathogenic microbiology, immunology and other
associated detection technologies, advocate the combination of
multiple technologies, determine how they complement each
other, enhance practicability and improve the ability of rapid
and accurate diagnosis and differential diagnosis of COVID-19.
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1. Introduction

In December 2019, a novel viral pneumonia case due to
unknown causes was reported in Wuhan, China, with evidence
of human-to-human transmission (1). On January 12, 2020,
the World Health Organization proposed to name the novel
coronavirus causing the pneumonia epidemic ‘2019 novel
coronavirus (2019-nCoV)’ (1-3) and on February 11, the
disease caused by the coronavirus was termed ‘Coronavirus
Disease 2019, abbreviated to ‘COVID-19’ (4). On the same
day, the Coronavirus Study Group (CSG) of the International
Committee on Taxonomy of Viruses issued a statement
recommending that 2019-nCov be classified as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) (5).
However, on February 12, Science (6) reported that the
World Health Organization was not satisfied with the name
SARS-CoV-2 as it would cause unnecessary panic to certain
people, particularly in Asia, where the SARS epidemic was
most severe in 2003 (6). On February 18, certain Chinese
researchers in the field of virology contributed to the name
issue (7). Those researchers stated that 2019-nCoV is different
from SARS coronavirus and, therefore, the name SARS-CoV-2
is misleading and should have a different name. On March 2,
the CSG published a naming statement for the novel corona-
virus in Nature Microbiology, describing the naming method
and process of the novel coronavirus and introducing common
problems in virus classification (8).

2019-nCoV is a single stranded RNA, positive chain
enveloped [-coronavirus (9). The viral particles are round or
oval, often polymorphous, with a diameter of 60-140 nm (1).
Its genomic characteristics are significantly different
from SARS-CoV and Middle East Respiratory Syndrome
Coronavirus (MERS-CoV) (9,10). Current research has
demonstrated 2019-nCoV has >85% homology with bat
SARS-like coronavirus (bat-SL-CoVZC45) (9). According to
the National Center for Biotechnology Information database
(https://www.ncbi.nlm.nih.gov/nuccore/1798174254/; version
no.: NC_045512.2; release date July 18th, 2020), the genomic
sequence of 2019-nCoV (NC_045512.2) is a positive-sense
single-stranded RNA with 29903 bp. Wu ez al (11) reported that
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it has 14 open reading frames (Orfs) and encodes 27 proteins.
Orflab and orfla genes located at the 5'end of the genome
encode pplab and ppla proteins, respectively. The 3'end of the
genome contains four structural proteins: Spike glycoprotein
(S), small envelope protein (E), membrane glycoprotein (M),
nucleocapsid protein (N) and accessory proteins (11) (Fig. 1).
S protein serves a key role in the recognition and binding of
host cell surface receptors and mediates the fusion of viral
envelopes and cell membranes (12). M protein is involved in
the formation and budding of the viral envelope. E protein
binds to cell envelopes (13). These three proteins are located
on the phospholipid membrane of virus, which envelops viral
RNA, maintaining the stability of genome and resisting the
degradation of RNA enzymes in the human body (14).

Novel coronavirus pneumonia is a new infectious disease
that humans are not immune to. This means people are
generally susceptible to infection. Presently, the main source
of infection occurs in patients with viral infections; however,
asymptomatic infected individuals may also become the
source of infection (15). Additionally, incubated patients may
be infectious and the virus has even been detected in patients
in the recovery period, indicating that they may also be infec-
tious to a certain degree (16). A recent study demonstrated
positive reverse transcription PCR (RT-PCR) results in
patients recovering from COVID-19, indicating that certain
recovered patients may still be carriers of the virus (17).
Although respiratory droplets and contact transmission are
the main transmission routes of 2019-nCoV, viral particles
have been detected in the stool of confirmed patients in several
places, such as Beijing and Washington, suggesting that there
is a risk of fecal-oral transmission (18,19). Additionally,
aerosol transmission and mother-to-child transmission need
to be confirmed.

Since the outbreak of novel coronavirus pneumonia, the
efficient and accurate laboratory diagnosis of 2019-nCoV
is crucial for the effective prevention and control of the
epidemic. Since March 3, 2020, three methods have been used
for the diagnosis of novel coronavirus pneumonia: i) Detection
of positive 2019-nCoV nucleic acids by RT-PCR; ii) viral
gene sequencing to detect known 2019-nCoV sequences; and
iii) the identification of positive 2019-nCoV-specific IgM and
IgG antibodies in serum (15). At the start of the epidemic,
RT-PCR kits were developed rapidly and had the earliest
clinical application; however, the accuracy of RT-PCR results
is only 30-50% at present (20). This is due to variety of factors,
including poor sample quality, such as throat swabs and other
respiratory samples, samples being collected too early or too
late, samples not being properly preserved, transported and/or
processed, the technology itself, which would be affected by
virus mutation and PCR inhibition. Furthermore, it takes
6-8 h to complete the entire process. The test results need to
be rechecked when the results from different areas are incon-
sistent or when doctors determine whether the patient is cured
or discharged. Additionally, repeated verification experiments
double testing times. Approval for antibody detection kits
would markedly ease the pressure and risk of nucleic acid
detection.

Therefore, due to the large number of suspected 2019-nCoV
patients in epidemic areas, it is crucial to shorten diagnosis and
treatment time, improve the accuracy and speed of detection,

promote the screening, isolation and treatment of epidemic
conditions and develop innovative rapid molecular diagnostic
techniques in vitro.

2. Current molecular diagnostic methods of 2019-nCoV,
pros and cons and clinical applications

Nucleic acid detection technology. Nucleic acid detection is
an important diagnostic tool for the clinical diagnosis, segre-
gation, rehabilitation and discharge of patients, and was also
the ‘gold standard’ for the detection of 2019-nCoV infection
in the early stage of the epidemic (21). Current nucleic acid
detection methods include RT-PCR, isothermal amplification
and high-throughput sequencing. At present, specimens tested
by commercial nucleic acid kits mainly comprise throat swabs,
oropharyngeal swabs, nasopharyngeal swabs, sputum and
alveolar lavage fluid (15,22).

RT-PCR technology. Since the development of the 2019-nCoV
epidemic, China has recommended RT-PCR technology
as a guideline for the COVID-19 diagnosis and treatment
program (21). The Chinese Center for Disease Control and
Prevention recommends the use of primers and fluorescent
probes (FAM, BHQI and TAMRA) targeting 2019-nCoV
ORFlab and nucleocapsid protein (N) gene regions
(Table I) (23).

The Institute of Viral Prevention and Control of the Chinese
Center for Disease Control and Prevention recommends a Ct
value of RT-PCR <37 showing an exponential curve, which
indicates positive infection. It is recommended to repeat
experiments for results between 37-40 and if the Ct value is
<40 after repeat experiments, it is still considered to be posi-
tive. No Ct value or Ct >40 is considered to be negative (23).
Currently, 11 nucleic acid detection kits for the ORFlab, N and
E regions have been approved by the China National Medical
Products Administration (Table IT) (22) that use RT-PCR to
test patients' throat swabs, oropharyngeal swabs, nasopharyn-
geal swabs, sputum, alveolar lavage fluid and other samples.
These provide favorable guarantees for early diagnosis and
early isolation of patients with 2019-nCoV (22).

The Department of Clinical Laboratory of the Third
Hospital of Chongqing Municipal People's Hospital compared
the detection performance of 2019-nCoV for six of the kits
(Shengxiang Biotechnology 2019-nCOV rapid nucleic detect
kit, Beijing Ka You Di 2019-nCoV ORF1lab/N gene RNA detec-
tion kit for nucleic acid-free extraction, Shuoshi Biotechnology
2019-nCOV detection kit, Zhongyuan 2019-nCOV nucleic
detect kit, Zhong Shan An Da 2019-nCoV ORFlab/N nucleic
detection kit and Beijing Zhuo Cheng Hui Xin 2019-nCoV
ORFlab/N gene double fluorescent RT-PCR kit) and reported
that the detection capabilities of each kit for weakly positive
samples were different (24). Furthermore, certain kits were
able to double-positively detect Orflab and N, while other kits
could only detect one of them.

At present, RT-PCR nucleic acid detection serves an irre-
placeable role in the diagnosis of 2019-nCoV and is the most
important molecular diagnostic method in the early stage of the
epidemic (21). However, there are limitations due to tedious,
time-consuming operation, required biosafety laboratories
ranked Class II or above centralized inspection and shortage
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Table I. Recommended 2019 novel coronavirus nucleic acid detection primers and probe sequences for virus prevention and
control by the Chinese Center for Disease Control and Prevention.

Item Orflab N
Forward CCCTGTGGGTTTTACACTTAA GGGGAACTTCTCCTGCTAGAAT
Reverse ACGATTGTGCATCAGCTGA CAGACATTTTGCTCTCAAGCTG

Fluorescent probe
GTTATGG-BHQ1-3'

5-FAM-CCGTCTGCGGTATGTGGAAAG

5-FAM-TTGCTGCTGCTTGACAGATT-TAMRA-3'

Orf, open reading frame; N, nucleocapsid protein; FAM, 6-carboyfluorescin; TAMRA, tetramethylrhodamine.

2019-nCoV (~29.8kb)

Orflab Orf3a Orf7a
1 S t M 1t N
4 i) 1 i) 1
Orfla E Orf6 Orf8 Orf10
266 21555 26245 26472 28274 29533

Figure 1.2019-nCoV genome isolated from patients with novel coronavirus pneumonia in Wuhan, China. The 2019-nCoV molecular diagnostic targets mainly
include the sequences of genes such as Orflab, N, E and S in the viral genome and their protein expression products. 2019-nCOV, 2019 novel coronavirus;
Orf, open reading frame; N, nucleocapsid protein; E, small envelope protein; S, spike glycoprotein; M, membrane glycoprotein; UTR, untranslated region.

of personnel and qualified biosafety sites in the epidemic
area (25). Furthermore, there are shortcomings in responding
to the rapidly increasing demand for the diagnosis of patients
with suspected 2019-nCoV pneumonia and asymptomatic
infections (25,26). Additionally, recent research on patients
infected with 2019-nCoV demonstrated that the positive rates
of early stage nucleic acid detections of oropharyngeal swabs,
anal swabs and blood were 53.3, 26.7 and 40%, respectively,
while the positive rate of anal swabs was even higher than oral
swabs in the late stage of infection (27). Notably, the actual
positive rate is only 30-50% when collecting suspected patient
samples through routine throat swabs at the outpatient fever
clinic, with many of the samples producing false-negative
results (20), despite the considerable pressure to prevent and
control the 2019-nCoV.

High-throughput sequencing technology. Gene sequencing
is the most accurate and reliable technology for the detec-
tion of viruses and other pathogenic ‘emergency’ infectious
diseases. Additionally, it is the only method to dynamically
track genome variation in pathogens (28). In the early stage
of the epidemic, the Chinese Center for Disease Control and
Prevention identified and analyzed the genome of 2019-nCoV
based on second-generation sequencing metagenomics
technology (mNGS) within five days and reported that the
similarity between the nucleotide sequence of 2019-nCoV and
SARS or bat-derived strains were 79 and 96%, respectively (9).

The China National Medical Products Administration has
approved a gene sequencing system (ultra-high-throughput
sequencer DNBSEQ-T7), supporting analysis software and
nucleic acid detection kits (Table III), which can identify and
diagnose coronaviruses, including 2019-nCoV and other infec-
tious respiratory pathogens and enable rapid detection of viral
sequences (22). The DNBSEQ-T7 sequencer can complete the
entire 2019-nCoV detection process (from sample extraction

to result reporting) in 20 h. The sample detection throughput
is 50-200 per cycle and each sample can obtain an average
data output of >100 M, ensuring highly accurate results for
2019-nCoV detection (29). However, mNGS has the limita-
tions of high equipment and testing costs, long detection
cycles, complicated procedures and a lack of standardization.
Furthermore, the sequencing depth of certain samples is not
always appropriate (29).

Nanopore sequencing is a third-generation genome
sequencing technology that provides real-time analysis and
rapid insights. It is a physical sequencing technology based
on alterations in electrical signals (30). Nanopore sequencing
does not require enzymes to amplify samples and directly
performs full-length sequencing of 2019-nCoV (30). This
method has the advantages of long sequencing length, low
cost, high throughput and non-labeling (30,31). However,
nanopore sequencing has not yet been approved by the
China National Medical Products Administration. Hangzhou
Center for Disease Control and Prevention completed the first
2019-nCoV genome assembly using only nanopore data on
February 12, 2020 (32). Final assembly results were 100%
consistent with the reference genome without the correc-
tion of other sequencing technologies. The development of a
real-time and rapid viral genome sequencing solution through
nanopore sequencing is expected to become a powerful tech-
nology and resource support for combating viral epidemics
worldwide (32).

2019-nCov will continue to mutate during the trans-
mission process. An analysis of 103 2019-nCov genomic
data collected from a public database (Global Initiative on
Sharing All Influenza Data; https://www.gisaid.org/) from
December 24, 2019 to February 5, 2020 demonstrated that
these virus strains underwent a total of 149 point mutations
and that most mutations occurred recently (33). If a mutation is
located in the primer or probe binding site, the sensitivity and



Table II. 2019-nCoV nucleic acid detection reverse transcription PCR kits approved by the China National Medical Products Administration.

National medical device

Specimen Sensitivity (copies/ml) Approval date registration certificate no.

Detection target

Company

Product name

No.

20203210057

26 December 2019

1,000

Orflab,Nand E Nasopharyngeal swab,

Shanghai Zhijiang

2019-nCoV Nucleic
Acid Detection kit

1

sputum, alveolar lavage fluid

Orflab,Nand E Nasopharyngeal swabs,

Biotechnology Co., Ltd.

Shanghai Geneno

20203210058

26 December 2019

500

2019-nCoV Nucleic
Acid Detection kit

2

sputum

Biotechnology Co., Ltd.
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2019-nCoV, 2019 novel coronavirus; Orf, open reading frame; N, nucleocapsid protein; E, small envelope protein.

accuracy of existing RT-PCR detection kits will be affected.
High-throughput sequencing technology can compensate for
the limitations of RT-PCR, effectively increase positive rates
and monitor possible mutations (31). Furthermore, sequencing
could simultaneously providing a more comprehensive
pathogen genome analysis of critical illness and patients with
complex infections, provide more information about infectious
pathogens and identify drug resistance genes to guide clinical
medication (34). However, due to the high cost, long procedure
times and complex testing processes, it has not become a
routine clinical batch testing technology (34).

Isothermal temperature nucleic acid amplification technology
and loop-mediated isothermal amplification (LAMP) tech-
nology. Developed in 2000, LAMP is a fast and highly specific
technology for gene amplification under constant temperature
conditions (35). RT Loop-Mediated Isothermal Amplification
(RT-LAMP) combines RT with LAMP, can be used directly for
RNA detection and has previously been used in the identifica-
tion of various respiratory RNA viruses, including SARS-CoV
and MERS-CoV (36,37). Based on this, by adding a fluores-
cence quenching probe (QProbe), fluorescence RT-LAMP
technology be used for the detection of MERS-CoV (38). In
order to make the detection of LAMP amplification products
more accurate, the combination of nucleic acid detection and
immunogold labeling technology has resulted in an improved
RT-LAMP-combined nucleic acid strip detection technology
(RT-LAMP-NAD), which has been used for the detection of
Ebola virus (39).

On February 25, 2020, the team of Dr Xiushan Yin, the
director of the Institute of Applied Biology of Shenyang
University of Chemical Technology and the team of Michael
B Chancellor at Royal Oak Beaumont published an article
about RT-LAMP on MedRxi. The article optimized a
specific and accurate detection method for 2019-nCoV and
provided multiple primer sequences directed at Orflab
region (40,41). The entire reaction process takes approxi-
mately 15-45 min (40,41). This simple analytical method can
be used on biological samples outside of central laboratories
to monitor isolated populations or to assist in screening at
entrance areas (40,41). Numerous domestic institutions have
announced that they have developed a 2019-nCoV isothermal
amplification kit, which requires only ‘one-time opening and
one-step operation’, and can complete amplification reactions
as fast as 15 min. Test results are fast and easy, and can be
seen macroscopically (22). Relevant products have entered
the review process of the China National Medical Products
Administration and certain products have obtained registra-
tion certificates (Table IV) (22).

Although LAMP technology has the advantages of
simplicity, sensitivity, specificity, speed and is inexpensive
and has low hardware requirements, the development of a kit
using this technology is more complicated than an RT-PCR
kit and involves multiple pairs of primers (42). Therefore, the
development and clinical application of LAMP in 2019-nCoV
pneumonia epidemic is slower than RT-PCR.

Isothermal temperature nucleic acid amplification technology
and recombinase aided amplification (RAA). RAA technology
utilizes recombinases, single-stranded binding proteins and
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Table III. 2019-nCoV sequencing systems, kits and analysis software approved by the China National Medical Products

Administration.
National medical device
No. Product name Company Approval date registration certificate no.
1 New Coronavirus 2019-nCoV Huada Biological Technology 26 January 2020 20203400059
Nucleic Acid Detection Kit Co., Ltd.
(Joint Probe Anchor Polymerization
Sequencing Method)
2 Gene Sequencing System Wuhan Huada Intelligent 26 January 2020 20203220061
(Ultra-high-throughput sequencer Manufacturing Technology
DNBSEQ-T7) Co., Ltd.
3 2019-nCoV Nucleic Acid Analysis Huada Biological Technology 26 January 2020 20203220062
software Co., Ltd.

2019-nCoV, 2019 novel coronavirus.

DNA polymerases to perform nucleic acid amplification under
isothermal (37°C) conditions (43).

Using RAA technology, the Institute of Viral Disease
Control and Prevention of the Chinese Center for Disease
Control and Jiangsu Qitian Gene Biotechnology Co., Ltd.
jointly developed a new coronavirus (2019-nCoV) nucleic
acid isothermal amplification rapid detection kit. After nucleic
acid is extracted, it only takes 8-15 min to detect 2019-nCoV
nucleic acid (44). Following parallel comparison with
commercial quantitative PCR (qQPCR) kits approved by the
China National Medical Product Administration (NMPA), the
kits have a 100% positive compliance rate, a 100% negative
compliance rate and a total compliance rate of 100%, which
are equivalent (44). The kit has been evaluated by the First
Affiliated Hospital of Zhejiang University School of Medicine
(92 clinical samples), Zhejiang Center for Disease Control
and Prevention (104 clinical samples) and Jiangsu Province's
Center for Disease Control and Prevention (100 samples) (44).
The kit is recommended for qualitative detection of clinical
2019-nCoV to identify patients with suspected infection. The
kit is considered suitable for use in prefecture-level labora-
tories and is currently applying for a China NMPA approval
number (44).

RAA technology is relatively new in the current nucleic
acid detection technology field. The advantage of rapidity,
sensitivity and specificity of RAA technology may aid in the
detection, screens, isolation for suspected 2019-nCoV infec-
tions (43).

Nucleic acid mass spectrometry. Nucleic acid mass spec-
trometry is a novel type of soft ionized biological mass
spectrometry technology that has been developed recently
based on atrix Assisted Laser Desorption Ionization-Time Of
Flight technology and is very simple and efficient (45). This
procedure integrates the high-throughput of chip technology
and the high sensitivity of mass spectrometry technology
without the requirement for complex biological information
analysis and is mainly used for the detection of known muta-
tions (46). A single reaction of nucleic acid mass spectrometry
can perform 20-50 PCR amplifications simultaneously and

can detect dozens of pathogens at once (46). Nucleic acid mass
spectrometry is a very useful tool for the differential diagnosis
of respiratory infections (47).

It was previously announced that the successful devel-
opment of a nucleic acid mass spectrometry kit that can
simultaneously detect 2019-nCoV and 20 other common
respiratory infection pathogens (48). The detection limit is
as low as 100 copies/ml and 96 pieces of single-chip with a
manual operation time of 30 min. Furthermore, 1,504 tests
can be completed in 24 h (48). Additionally, the kit can detect
other RNA viruses that cause respiratory diseases, including
influenza A and B (48).

Nucleic acid mass spectrometry has high throughput
analysis, is simple to operate and is inexpensive, nucleic acids
are difficult to ionize, are unstable and easily generate frag-
ments (46). This makes it difficult to parse spectrum data.
It is necessary to continuously improve the resolution of the
detector to promote its use (46).

Protein detection technology. Protein detection technology is
mainly divided into pathogen antigen detection and host anti-
body detection (49). Commonly used methodologies include
colloidal gold (50), immunofluorescence chromatography (51),
chemiluminescence (52,53) and ELISA (54). The colloidal
gold method is easy to operate and can be directly visually
interpreted (55). The test can be completed in 15 min and,
therefore, can be used for on-site material acquisition and
on-site detection (55). Immunofluorescence chromatography
is as easy to operate as colloidal gold and detection is fast;
however, it requires instrument interpretation (51,56). The
chemiluminescence method generally has high sensitivity and
uses a full-automatic immunoanalyzer, which can complete
detection without excessive manual operation (52,53). The
detection time is generally ~30 min. ELISA can be interpreted
using a conventional microplate reader (57). Generally, ELISA
exhibits high sensitivity; however, the detection time is longer
(=1.5 h) and there are numerous operating steps (54).

Antigen detection technology. 2019-nCoV gene encodes 4 struc-
tural proteins: S, E, M and N. These proteins include multiple



Table IV. 2019-nCoV nucleic acid detection kits (isothermal amplification technology) approved by the China National Medical Products Administration.

National medical device

registration certificate no.

Approval date

Detection time (min)

Specimen

Company Detection target

Product name

No.

22 February 2020 20203400178

90

Pharyngeal swab

2019-nCoV S and N Genes,
Influenza A Virus, New

Chengdu Boao

Six Respiratory Virus

Nucleic Acid

1

Jingxin Biotechnology

Co., Ltd.

Influenza A HIN1 Influenza

DetectionkKits

Virus (2009), H3N2 influenza

virus, influenza B virus,

(isothermal amplification

Chip Method)

respiratory syncytial virus

nucleic acid

16 March 2020 20203400241

79

2019-nCoV ORFlab and gene Pharyngeal swabs

2019-nCoV Nucleic Acid Hangzhou Yousida

2
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and sputum

Detection Kits (Isothermal Biotechnology Co., Ltd.

application real-time

fluorescence method)

2019-nCoV, 2019 novel coronavirus; S, spike glycoprotein; N, nucleocapsid protein.

epitopes (58). Using the principle of specific binding of antigens
to antibodies, antibodies can be used to detect the presence of
antigens, thereby directly detecting whether samples contain
2019-nCoV (59). The applicable sample type of the antigen
detection reagent is generally an infection site sample, such as
a throat swab. Currently, several research teams have developed
a variety of antigen detection kits, which are awaiting approval
from the State Drug Administration (Table V) (22).

The biggest advantages of an antigen detection kit are short
detection times and high detection sensitivity (as the detec-
tion of virus protein reaches pg levels), providing a simple and
sensitive method for the early screening of viral infection (64).
However, these kits are qualitative, not quantitative (65).
Positive sample results only indicate the presence of corona-
virus antigen and other conditions cannot be evaluated (51).
Furthermore, the failure or success of treatment cannot be
determined, as the antigen may persist following appropriate
antiviral treatment (65). It is also very difficult to achieve rapid
detection of whole virus antigens as antigen detection usually
requires high sensitivity and antigen contents in samples are
generally low (66). Research on recognizing antigens and
tracking antibodies requires time, as does the development of
monoclonal antibodies, which are the required raw materials
for immunological detection against viruses (66).

Antibody detection technology. Viral infection in the human
body stimulates the production of specific antibodies. The
presence of antibodies can be detected by antigen levels, which
indirectly confirm 2019-nCoV infection (59). The applicable
sample types for antibody detection kits are blood (including
serum) plasma and whole blood. The detected antibodies are
usually IgM and IgG (67). Presently, to the best of our knowl-
edge, no systematic studies on the production and duration
of these antibodies for 2019-nCoV has been performed. In
general, [gM antibodies are used as an indicator of early infec-
tion, while IgG antibodies are used as indicators of current
and previous infection (68,69). Additionally, 2019-nCoV is
a mucosal infection virus and IgA antibodies are produced
following infection (68). Briefly, the detection of specific anti-
bodies can provide serological evidence for clinical diagnosis
and help confirm the diagnosis of patients with negative nucleic
acid tests in clinically suspected patients (59,68). Presently,
multiple units have developed 2019-nCoV IgM, IgG, IgM/IgG
and total antibody on-site rapid detection kits, of which a total
of 5 kits have obtained national approval (Table VI) (22).

The clinical application of the total antibody detection can
improve limitations, including slow speed of nucleic acid detec-
tion in suspected patients, complex sampling, low sensitivity
and the requirement for high-level biosafety measures for the
control and prevention of the current 2019-nCoV epidemic (74).

Value of the combined application of nucleic acid-protein
detection technology. Results from a study from the Wuhan
Clinical Frontier demonstrated that the titers of virus-specific
IgM and IgG in serum were often low or lower than the
detection limit (27). On admission, samples were collected
from patients and by day 5 almost all patients had positive
or elevated antibody levels. Among them, IgM positive rates
increased from 50% (8/16) to 81% (13/16) and IgG-positive
rates increased from 81% (13/16) to 100% (16/16) (27). Those
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Table V. Antigen detection-related kits.

R&D team Detection Detection

and product company Detection principle time (min) target (Refs.)

Tianjin University and Beijing Fluorescence 15 N Chinadevelopment (60)

Huaketai Company immunochromatography

Northwest University and GOLDMAG Colloidal gold 15 N Xi'an Science and
immunochromatography Technology Bureau (61)

Sino Biological, Inc. and Guangzhou ELISA 15-30 Nand S Bao (62) Deng (63)

Wondfo Biotech Co., Ltd

R&D, Research and Development; S, spike glycoprotein; N, nucleocapsid protein; GOLDMAG, Xi'an Gold Magnetic Nano Biotechnology Co., Ltd.

results are the exact opposite of the relatively low positive
rates of detection from nucleic acid molecule testing (27).
This indicated that, in the context of epidemiological history
or clinical manifestations that meet diagnostic criteria, addi-
tion of immunoassays based on specific antigen-antibody
responses effectively compensate for the limitations of high
false-negative rated of nucleic acid detection and reduce false
diagnoses. Epidemic prevention and control have a great auxil-
iary role and immunoassays may therefore be useful (59,75,76).

A recently published study reported the latest clinical
practice results at RenMin Hospital of Wuhan University in
the first-line diagnosis and treatment of 2019-nCoV (72). In that
study, 19 patients with negative nucleic acid tests but with clinical
symptoms and CT imaging features of COVID-19 were serolog-
ically tested. The results reported that 16 patients (84.21%) were
positive for 2019-nCoV IgM antibodies and 18 patients (94.74%)
were positive for 2019-nCoV IgG antibodies. The majority of
the 2019-nCoV IgM and IgG antibody detection assays have
high clinical specificity and clinical detection rates, and they
should be used to confirm the status of nucleic acid detection
negative samples. Furthermore, in terms of treatment moni-
toring and disease progression, the decline and disappearance of
2019-nCoV IgM concentration and the rise of 2019-nCoV IgG
concentration indicated that patients gradually recovered and
produced immunity to pathogenic 2019-nCoV.

The advantage of 2019-nCoV antibody tests is that the
sample source is flexible and serum, plasma and whole blood can
be obtained, avoiding the limitation of the current nucleic acid
tests which collect upper respiratory tract samples and exposes
medical personnel to a high exposure risk (27). Compared with
PCR and sequencing, the colloidal gold test kit is easier to operate
without any instruments and equipment and the assay can be
performed anywhere with minimal training (55). However,
China's State Drug Administration previously stated that, given
the characteristics and current status of antigen/antibody detec-
tion reagents, its sensitivity and specificity are currently limited
and cannot be used as the sole basis for diagnosis or exclusion of
2019-nCoV. Furthermore, it is not suitable for general population
screening and can only be used as a supplement to existing viral
nucleic acid detection assays (15,21). In the first six editions of the
‘Guidelines for the Diagnosis and Treatment of New Coronavirus
Pneumonia’ issued by the National Health Commission of
China, the use of protein testing products is recommended to
be limited to supplementary detection indicators for suspected

cases of negative nucleic acid testing or used in conjunction with
nucleic acid testing for the diagnosis of suspected cases (15,21).
However, in the 7th version of the guidelines, which were released
on March 3, 2020, positive antibody tests have been included as
one of the diagnostic indicators alongside positive nucleic acid
tests (15). Briefly, the future application of multiple molecular
diagnostic methods of nucleic acids, antigens and antibodies will
shorten detection windows and increase positive detection rates.
Furthermore, it will serve a crucial role in the molecular diagnosis
of 2019-nCoV in laboratories.

3. Future trends

In the future, molecular diagnostic research of 2019-nCoV
infections will speed up sample preparation, increase detec-
tion throughput and accuracy, improve detection automation
level and develop novel technologies with low requirements
and low costs for equipment and testing personnel (77,78).
Due to antibody preparation requiring additional time, faster
breakthroughs are expected in pathogen nucleic acid detection
technology (79).

Efficient and safe pre-processing. For RT-PCR technology,
nucleic acid extraction and processing affect the yield of viral
nucleic acid for analysis (80). This can be more difficult when
certain sample types are used, as throat swabs and sputum
often contain only trace amounts of virus (81). Efficient
and fully automatic nucleic acid extraction equipment will
provide better protection in terms of detection sensitivity
and personnel safety (81). The Covaris™ high-performance
nucleic acid release system developed by Gene Company Ltd.
is processed by Adaptive Focused can completely inactivate
the virus in a very short time without affecting the quality of
RNA extraction (82). Furthermore, the full release of the viral
nucleic acid has the advantages of fast processing, efficient
recovery, stability and reliability, which enables subsequent
nucleic acid purification to obtain sufficient and high-quality
viral RNA (82). It is the basis for improving detection sensi-
tivity under existing conditions and can reduce inconclusive or
false-negative results (82).

Accurate quantification of viruses. According to previous reports,
Apexbio-designed primer probes for Orflab and N sequence
conserved regions of 2019-nCoV and developed a highly sensitive
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digital PCR new crown virus detection kit (83,84). Compared
to qPCR, digital PCR is used for the absolute quantification of
nucleic acid molecules. It can directly detect the copy number
of the target sequence and the detection limit can reach a single
copy (85,86). Furthermore, sensitivity, specificity, accuracy, reso-
lution and tolerance is higher (85,86). However, due to the high
cost of equipment and tremendous workload, it is challenging
to apply digital PCR to the initial stage of epidemic prevention
and control, particularly in under-developed areas, on a large
scale (87). However, digital PCR will still be extremely useful as
it allows for absolute quantification and the detection of complex
background samples, it can track the progress of disease and
analyzes the viral load. Additionally, digital PCR will enable the
evaluation of drug efficacy (87).

Point-of-care testing (POCT). The current technology plat-
form used by the majority of POCT integrates nucleic acid
extraction, amplification and detection on a microfluidic chip
that reduces detection complexity (88). Systems presently
used include GeneXpert from Danaher Corporation, as well
as FilmArray from BioMérieux and Liat from Hoffmann-La
Roche. Numerous domestic companies have developed nucleic
acid POCT detection instruments and supporting detection
reagents (66). The 2019-nCoV molecular cassette fluorescent
PCR detection method launched by Transview Life can
complete the detection of 4 samples in 1-1.5 h. Additionally,
Orion BioScience, Inc. has completed the development of a
new 2019-nCoV nucleic acid detection kit, which can detect
12 samples at a time (66).

POCT has the advantages of rapid results, unrestricted
test sites and low professional skill requirements for opera-
tors (89). Therefore, the research and development of POCT
nucleic acid detection technology is likely to be the general
direction of future development of testing. Operators only need
to add samples, such as swabs or blood, into the slot on ‘sample
in-result out’ requirement, which will significantly simplify
the detection process (90,91). POCT automatically completes
nucleic acid amplification, signal collection and result analysis
in a short time (90). However, POCT requires improvement
due to lack of authoritative control experiments and lack of
uniform national standards for manufactured products (91).

Development of innovative technologies. The diagnosis of
infectious diseases usually requires professional knowledge,
sophisticated equipment and sufficient power sources; however,
these are difficult to achieve in areas with poor economic
foundations (92,93). The new generation of CRISPR-based
molecular diagnostic technology [such as Specific
High-sensitivity Enzymatic Reporter (SHERLOCK)] (94,95)
do not rely on electricity as much as PCR, has lower cost,
faster times and simple operation (94,95). The advantages of
matching the efficiency and accuracy of qPCR technology
have made significant contributions to the fight against Ebola
outbreaks in Nigeria, where power is often lost (92,93).

In response to the 2019-nCoV epidemic, the McGovern
Institute for Brain Research of the Massachusetts Institute of
Technology announced on February 14, 2020, that the team
of Professor Feng Zhang, the inventor of SHERLOCK tech-
nology, used synthetic COVID-19 RNA to design two crRNA
recognition specific sequences for S and Orflab (96). If the

test paper is immersed in the preliminary purified nucleic
acid sample for 2-3 min, the presence of 2019-nCoV nucleic
acid is determined by the appearance of black lines on the
test paper (96). However, since CRISR technology has always
had patent disputes, the implementation of CRISPR-based
molecular diagnostic technology can be challenging from an
economic perspective.

4. Conclusion

2019-nCoV has numerous methods of transmission and is
highly contagious, resulting in a large number of infections
within a short time frame. The most effective way to prevent
and control disease is early detection, diagnosis, isolation and
treatment. Therefore, how to efficiently screen for positive
patients with 2019-nCoV has become the primary task for
epidemic prevention. Isolating the virus strain and determining
the genomic sequence provides the basis for the development of
diagnostic methods and vaccines. Domestic scientific research
institutes and biomedical companies in China have developed
various rapid in vitro molecular diagnostic kits; however, the
sensitivity, detection speed, price, ease of operation and safety
varies between detection kits and there is still potential for
improvement. Optimistically, the continuous development of
various molecular diagnostic technologies will complement
each other and improve the ability to quickly and accurately
diagnose pathogens in public health emergencies, including in
the 2019-nCoV epidemic.

2019-nCoV is a novel virus that emerged following the
SARS, Ebola, Zika, bird flu and swine flu viruses, and critically
endangers public health and safety. 2019-nCoV has become a
global pandemic within a short time frame. The current review
reported that successful virus isolation can lead to improved
molecular diagnostics and effective vaccines. Currently, there
is no specific treatment method for patients with 2019-nCoV
and, therefore, early diagnosis and isolation control are crucial.
The development of rapid and accurate pathogen detection
methods has become a top priority.

Considering the detection of highly infectious pathogens,
including 2019-nCoV, must be performed in biosafety laborato-
ries ranked Class II or above, inspectors must be fully prepared
and cautious to maintain work efficiency. In the multi-country
effort to combat the 2019-nCoV epidemic, multiple inspec-
tors have been infected. Therefore, the development of a
fully-automated, fully-enclosed, integrated detection system
from sample extraction to signal amplification and detection is
crucial to avoid high-frequency contact between the inspector
and infectious samples. This is a crucial step in improving the
ability to detect highly infectious pathogens.

In the future, the application of genomic technology for
the detection of clinically critical and complex infections,
particularly during outbreaks, need to be improved. This will
aid in the early detection of epidemic pathogens, and early
warnings of emergencies and emerging infectious diseases. In
countries or regions where conditions permit, metagenomics
detection technology capabilities should be enhanced (97).
Metagenomics detection technology can quickly obtain
entire genome sequences and full-length genome sequenced
of samples (98). This provides a more comprehensive
pathogen gene scanning analysis for critical and complex
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infections (97,98). The basis for diagnosis and differential diag-
nosis is to determine pathogen loads, identify drug-resistant
genes and guide clinical medication. However, metagenomics
technology still needs to be optimized by enriching pathogen
target genes, shortening testing times, simplifying the testing
process and reducing the cost of testing. Thus, metagenomics
technology is due to become one of the routine clinical testing
technologies.

During the 2019-nCoV pandemic, numerous suspected
cases and medical observers were required to perform repeated
nucleic acid tests. However, detection throughput, biosafety
requirements and the amount of professional inspectors are
limited for RT-PCR. Numerous grass-roots hospitals cannot
perform this molecular diagnosis, resulting in a large number
of patients being unable to receive timely diagnosis. Therefore,
it is essential to research and develop POCT technology and
equipment for nucleic acids or proteins. In particular, POCT
technology that employs ‘sample-in result-out’ should be
utilized as early as possible. This would solve the difficulty
of numerous primary medical institutions being unable to
perform rapid molecular diagnosis.

In the future, novel epidemics or pandemics may be inevi-
table. It is crucial that pandemic prevention agencies perform
further research on pathogen differential diagnosis tech-
nology to improve testing times, provide definitive diagnoses
and to differentially diagnose diseases with similar clinical
manifestations. There are various types of pneumonia-related
pathogens, including 2019-nCoV, SARS-CoV, influenza virus,
parainfluenza virus, adenovirus, respiratory syncytial virus,
rhinovirus, mycoplasma and chlamydia. Considering RT-PCR
results are time-consuming and laborious, there is an urgent
need for medium-throughput detection technology for the
differential diagnosis of 2019-nCoV and non-2019-nCoV
conditions. In the future, it is necessary to focus on the
development of high-throughput and low-cost differential
diagnostic technologies. Furthermore, the development of
detection technologies and supporting reagents that can
simultaneously rapidly detect dozens of pathogens will be
beneficial.
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