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Abstract: Since December 2019, the emergence of a new respiratory disease outbreak named severe
acute respiratory syndrome coronavirus-2 (SARS-COV-2) has brought the world to its attention.
Although a coronavirus vaccine against SARS-CoV-2 is currently being developed, breakthrough
infections have so far taken much longer than expected since the virus mutates much faster than
previously thought. The prevention and control of the continuous spread of SARS-CoV-2 have
become a global problem. Accurate, rapid, and economical diagnostic methods are a prerequisite for
containing the continued transmission of the SARS-CoV-2. This paper reviews SARS-CoV-2
detection methods, and CRISPR, a new, efficient and cheap detection technique, is systematically
analyzed and summarized, including principle introduction, specific classification, and comparison
with conventional detection methods, and then guides the development of this technology.

1. Introduction

In December 2019, Respiratory diseases of unknown etiology were first detected in Wuhan, Hubei
province, China[1]. SARS-CoV-2 is a type of coronavirus [2]. Its transmission mode is mainly through
contact with droplets, aerosols, and contamination from person to person [3]. Human transmission can
invade the respiratory system, nervous system, intestine, and liver [4]. This invasion of the human
body can lead to symptoms ranging from asymptomatic to fever, fatigue and dry cough, acute
respiratory distress syndrome with multi-system organ failure requiring medical, mechanical
ventilation, and even death in severe cases [5]. Although the SARS-CoV-2 pandemic has gained
widespread attention and is under increasingly strict control, it has not prevented its overall spread in
the global context. That is why, on 30 January 2020, the SARS-CoV-2 was declared an international
public health emergency; only two months later, on 11 March, it was announced a pandemic by the
World Health Organization [14]. The disease has spread rapidly worldwide, with nearly 250 million
SARS-CoV-2 cases confirmed as of 8 November 2021, including 5 million deaths as a result [6].

Since its discovery, the number of confirmed cases of COVID-19 and the associated death rate has
attracted close attention around the world. Early diagnosis plays a crucial role in implementing
substantive control measures such as isolation and quarantine procedures for the rapid intervention
and management of infectious diseases to suppress the spread of the disease [7]. In the absence of
appropriate testing methods for the current social environment, the SARS-CoV-2 will continue to
spread among humans, resulting in an ever-increasing number of confirmed cases.

To detect SARS-COV-2 infection, usual methods developed for COVID-19 diagnosis include
immunological assays, high-throughput sequencing, real-time quantitative polymerase chain reaction
(RT-QPCR), nanotechnology-based assays, computed tomography (CT) imaging, CRISPR/Cas
system, etc.

Given the many shortcomings of existing conventional methods in monitoring and controlling
SARS-CoV-2, attention is increasingly turning to new technologies, such as CRISPR, as a way to
complement the shortcomings of traditional surveillance methods in responding to the spread of
COVID-19. CRISPR was discovered in archaea in the 1980s as an adaptive immune system that
protects organisms from invasive genetic elements such as plasmids and viruses [8].
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Although the technology still faces challenges on several fronts, such as ethical concerns and off-
target effects. However, as the technology has gradually shown its advantages in the biomedical field,
especially in pathogen monitoring, it has been favored by preventing and controlling several scholars,
so CRISPR technology has great potential in preventing and controlling COVID-19 [9]. This paper
will summarize the current development of this technology and the factors limiting its growth and
point out the possible direction of its future development by analyzing the recent frontier research.

2. SARS-CoV-2 and its diagnosis
2.1 SARS-CoV-2 transmission/infection mechanism

SARS-CoV-2 infections cause fever, sore throat, rapid breathing, and coughing, and transmission
of SARS-CoV-2 diseases to susceptible hosts is mainly through aerosols produced by an infected
person sneezing or coughing. However, indirect contact with contaminated surfaces has also been
shown to be a transmission channel [10]. Although there is a high risk of transmission from a COVID-
19 infected person with respiratory symptoms, asymptomatic patients also risk message of SARS-
CoV-2 [11]. Most of the infected people are asymptomatic during the incubation period, leading to the
disease being one of the main reasons for spreading the virus among the population [12].

Therefore, extensive testing of individuals suspected of infection, such as close contacts or patients
with fever, is necessary during epidemic control even when no clinical response is found [13].

2.2 Routine test method for SARS-CoV-2

Rapid intervention through early diagnosis of viral infection can effectively minimize the risk of
transmission of the SARS-CoV-2 to other susceptible hosts. An essential element in the strategy to
combat the spread of COVID-19 is the identification of asymptomatic carriers or SARS-CoV-2
infections [14]. This is considered an essential preventive measure in flattening the pandemic curve
and reducing the risk of transmission in patients with SARS-CoV-2 cases [15].

2.2.1PCR

Detection of SARS-COV-2 RNA in nasopharyngeal test paper or lower respiratory tract specimens
is the most direct method of diagnosing SARS-CoV-2 infection [16]. In addition, because of its high
specificity, sensitivity, rapidity, and accuracy, PCR is considered by the United Nations to be the
current gold standard for SARS-CoV-2 infection [17, 18]. Up to now, PCR has been used to undertake
SARS-CoV-2 tests worldwide [19].

Although quantitative PCR (qPCR) testing is currently the most widely used method of SARS-
CoV-2 diagnosis and has made a significant contribution to the fight against the COVID-19 pandemic,
due to the dependence of gPCR on equipment and target materials, such as the complex equipment
and trained technicians required to implement The PCR test, Why SARS-CoV-2 RNA degradation,
inadequate purification of SARS-COV-2 RNA, and inefficient extraction of SARS-CoV-2 RNA can
lead to low viral load in samples, leading to false-negative results in PCR tests of SARS-CoV-2
confirmed hosts [20], This has led to a gradual increase in concern about the technology [21]. PCR
procedures are extremely demanding for standardized operations [22]. Failure to meet these conditions
may slow down the diagnostic process and reduce the quality of the diagnosis [23]. Moreover, PCR
kits cost more than $100 and require 4-6 hours to analyze the sample. The total time from sample
collection to final results can exceed 24 hours, and its reliability is tested by both virus and procedural
techniques [24]. These conditions limit PCR to the unique environment of laboratory work and
increase PCR's error rate in detecting COVID-19. Poor sample quality or limitations of sample analysis
techniques may lead to false-negative results [25]. The hosts infected with the virus cannot receive
timely and effective health care, and some of the infected persons have no clinical manifestations of
symptoms. These all pose a significant threat to susceptible hosts. Therefore, people are concerned
about the PCR false-negative diagnosis results of SARS-CoV-2 hosts. As a result, this technology
requires the quality of the equipment, the number of competent personnel and the local government's

301



financial capacity, and overall deployment strategies during the COVID-19 pandemic are a challenge
for some economically disadvantaged countries [26].

2.2.2 Immunological assay

Specificity-based detection of IgG and IgM antibodies is considered an indirect means of
diagnosing SARS-CoV-2 infection.

Analysis of SARS-CoV-2 reveals that the main transmembrane protein of SARS-CoV-2 is S
protein, which is highly immunogenicity. Therefore, S protein is used as a protein structure mainly
targeting viruses in immunodiagnostic tests. Thus, the receptor-binding domain (RBD) on the structure
S protein hore has been selected as a target for detecting SARS-CoV-2-specific antibodies [27].

On this basis, detection of COVID-19 infection is carried out by detecting the presence of SARS-
CoV-2 antigens in respiratory samples or specific antibodies in blood samples [28]. Although
immunological tests can see SARS-CoV-2 antigens or antibodies, the sensitivity of rapid antigen tests
has been very low [29]. Moreover, since blood SARS-CoV-2 antibody levels in SARS-CoV-2 infected
hosts do not reach detectable levels until several days to several weeks after the clinical manifestation
of COVID-19, antibody testing is not appropriate for patients in the early stages of COVID-19
infection [30]. There are three representative immunological assays: enzyme-linked immunosorbent
assay (ELISA) (detection of SARS-CoV-2 IgG and IgM by recognition of antibodies to NP and spike
proteins [31]; Chemiluminescence immunoassay (CLIA) (photochemical reaction of avidin-
horseradish peroxidase with substrates as a signal to estimate titers of IgG and IgM [32]; Side flow
immunoassay (LFIA) (emerging immunological method for the diagnosis of SARS-COV-2 ) [33].

2.2.3 In situ hybridization (FISH) technique

The technique detects and localizes specific nucleic acid sequences in tissue samples by hybrid
probes made from single - or double-stranded nucleic acids or synthetic oligonucleotides [34]. The
FISH technique evolved from the use of fluorescent markers in the ISH technique [35]. However, in
the process of hybridization with the FISH probe, cells are in the hybridization environment of long-
term high temperature, which will weaken cell morphology, resulting in the potential risk of loss of
spatial structure information. In addition, the toxicity of formamide used for double-stranded DNA
denaturants poses a health risk to operators in FISH procedures [36]. Furthermore, incomplete
hybridization, processing problems, non-specific binding, photobleaching, and false-positive and
negative results are the technical deficiencies this procedure exposes [35].

2.2.4 Next-Generation Sequencing (NGS)

NGS technology has the advantages of ultra-high throughput, speed, and scalability. The technique
works by detecting the sequence of nucleic acids in a single sample, thus identifying SARS-CoV-2
and SARS-CoV-2 variants [37]. However, due to NGS technology's high cost and processing time,
these problems have hindered the development of NGS technology into routine diagnostic tests [38].
In addition, if the sample size is insufficient, the sensitivity of NGS technology will be affected [39].

2.2.5 Computed tomography (CT) imaging technology

CT scanning technology is characterized by non-invasive, traditional, high-precision, and high-
speed imaging [40]. This technique can detect CT images of consolidated lung opacities with round
shapes and double lung ground glass opacities around the periphery of the central portion of the lung
infected with the coronavirus. Studies have shown that SARS-CoV-2 evolved with the accumulation
of ground-glass opacity in the lungs [40]. CT imaging has been used in medical practice because of its
high specificity in the diagnosis of COVID-19 [41]. However, CT scanning technology can only be
used as an additional diagnostic tool, not as a diagnostic tool.

2.2.6 CRISPR
Although the existing nucleic acid detection methods for SARS-CoV-2 are susceptible and specific
to a certain extent, disease detection is hindered by the constraints of complex sample handling and
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expensive machines. Therefore, the need for timely virus screening for disease surveillance and air
defense is driving the search for fast, sensitive, and inexpensive diagnostic tests. However, sarS-COV-
2 detection based on CRISPR/Cas has gradually gained the favor of scientists.

In 1987, Ishino first identified CRISPR/Cas in E. coli [42]. CRISPR (clusters of regularly spaced
short palindromic repeats) is an immune defense tool evolved by archaea against phages. As a repeat
sequence in the prokaryotic genome, the CRISPR array consists of a gene encoding a case-related
protein and a CRISPR array [43]. This system pairs molecular scissors in the bacterial hand, cutting
up the single-stranded DNA (ssDNA) near the invading DNA strand by recognizing and degrading
foreign nucleic acids. This adaptive immune system allows researchers to modify the genome
sequence on demand [44]. So far, CRISPR/Cas has achieved remarkable results in the biomedical
field, especially in gene editing, functional gene screening, nucleic acid detection, etc. [45].

3. Classification of the CRISPR

Classification of the CRISPR-CAS system is determined by differences in core Cas proteins, which
are divided into two major groups (1 and 2) and six subtypes (I-VI) [46]. The class 1 Cas protein
complex of the CRISPR-CAS system contains multiple protein subunits and crRNA, including types
I, 1, and 1V, corresponding to endonuclides Cas3, Casl10, and DinG [47]. Type 2 CRISPR-CAS
system is characterized by using a single Cas protein as a functional protein, including type I1, V, and
VI, and Cas9, CAS12-CAS14, and Cas13 to cut the genetic code of the target gene, respectively [48].
Cas9 protein using tracrRNA and RNase Il in type Il CRISPR-CAS system mainly processes pre-
CrRNA. The Cas12 and Cas13 proteins of V and VI systems separately processed pre-CrRNA [49].
Due to the Cas12a, Cas12b and Cas14 are DNases, while Cas13a and Cas13b are RNases. Therefore,
the former can react directly with DNA as a substrate. Cas13a and Cas13b require the transcription
step of RNA polymerase to achieve the reaction [50].

3.1 CRISPR/Casl12a

The CRISPR/Cas12 system, used as an in situ diagnostic tool for sarS-COV-2 infection, is an RNA-
guided DNase that cleaves the side strands of single-stranded DNA after recognizing the target region
[51]. Therefore, CRISPR/ CAS12-based diagnostic systems are currently considered as a vaccine that
can be deployed in the field in outbreak areas.

Brandsma et al. compared the DTECTR diagnostic system with RT-gPCR for the diagnosis of
SARS-COV-2. Using 378 patient samples, it was found that DETECTOR was more sensitive than
RT-gPCR. In addition, different GRnas can be used simultaneously in the DETECTOR system to
avoid false-negative results due to N gene mutations [51]. Moreover, the DETECTOR system does
not require specialized equipment to diagnose SARS-COV-2. This technology eliminates the need for
RT-gPCR to be performed only in the unique environment of the diagnostic laboratory [51].

Brunton et al, developed a CRISPR/ Cas12A-BASED precision technique called SARS-CoV-2
DNA endonuclease-targeting CRISPR trans reporter (DETECTOR) based on the DETECTOR
technique [52]. This technology combines isothermal amplification technology with CRISPR/Cas12a
DETECTOR system, which performs reverse transcription and isothermal amplification of samples
and purified RNA through RT-LAMP, and then determines the presence of the virus by cutting the
predetermined virus sequence through Cas12a. The technique eliminates the steps of thermal cycling
and isothermal signs a weaknesses amplification takes less than 40 minutes. It does not rely on
complex laboratory systems [52] for extraction from a patient's respiratory swab sample to diagnosis.

Ding et al. developed The All-in-one Dual CRISPR-Cas12A CRISPR-Cas12A (AlOd-CRISPR)
system [53]. To make the process faster and more sensitive, the AIOd-CRISPR system eliminates the
need for separate amplification and transfer of amplified products, integrating all the components
needed for CRISPR-based detection and target nucleic acid amplification into one reaction. In
addition, to meet the requirements of simultaneous detection of SARS-COV-2 and HIV-1, this method
used double crRNA to detect the target genome sequence efficiently and finally successfully verified
the nucleic acid status of the two viruses through experiments [53].
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Wang et al, developed a visual readable detection system based on CRISPR/Casl2a (CRISPR/
CAS12A-NER)[54]. The components of the system are SARS-COV-2 specific crRNA, Cas12 protein,
and green fluorescent closure molecule labeled single-stranded DNA molecule. The system can
accelerate the detection of the SARS-COV-2 genome because the results can be visually recognized
[54]. CRISPR/ CAS12A-NER has been proven to reliably and sensitively detect at least ten viral gene
copies in short, 40-minute time control and without the need for specialized equipment. The report
molecule cleaved by Cas12 protein produced a green fluorescent band of 458 nm, visible to the naked
eye [54].

Ali et al. designed a nucleic acid diagnostic detection (iISCAN) system based on in vitro CRISPR
by combining CRISPR/Cas12a with RT-LAMP [55]. The iSCAN system relies only on the essential
operating tools and combines colorimetric reaction with the transverse immunochromatographic flow
to determine the results. Thus speed, accuracy, portability, and ease of operation are the potential
advantages of iISCAN systems [55].

3.2 COVID-19 diagnostic Tool based on Crisper-Cas13

CRNA directs Casl13 to recognize the target sequence, cutting next to a specific RNA, so base
pairing between crRNA and the target sequence determines the CRISPR/Cas13 diagnostic system [53].
The presence or absence of a target sequence in RNA is tested by incidental cleavage of a fluorescent
reporter gene, making the diagnostic tool programmable and highly accurate [56]. The CRISPR-Cas13
assay has a sensitivity of more than 95% and a specificity of more than 99%, with a time limit of fewer
than two hours and easy portability at the cost of approximately US $0.05 per test [56].

Although a specific sequence controls the functional realization of Cas13, Cas13 can recognize and
operate even with a single base pair mismatch in the spacer -RNA pairing [44]. This suggests that the
lack of targeting properties of Casl3 could be designed to identify any mutants in SARS-CoV-2
samples [57].

The first group to develop CRISPR-Cas13 as a diagnostic analysis was Thunberg [57]. The specific
and compassionate enzyme reporter unlocking (SHERLOCK) was composed of Cas13a, sample RNA,
designed crRNA, and reporter RNA (RNA sensor), with a fluorophore and quench agent at both ends
of the RNA sensor [57]. The system recognizes the target sequence of the sample RNA and drives
Cas13 to cut the sample RNA along with the cut RNA sensor, thereby releasing the fluorophores.
Fluorescence represents the diagnosis of the presence of a specific target, and the fluorescence level is
the basis for quantitative analysis of the target [57].

For mitigate the challenges of usability evaluation of the technology, Myhrvold et al, combined the
SHERLOCK system with heating unextracted samples to eliminate the need for nucleic acid extraction
[58]. The systematic decomposition of RNA and cleavage of virus particles is achieved by nuclease
degradation using chemical reduction and heating [58].

The SHINE system combines Sherco-based amplification with the Cas13a system's diagnostic steps
[59], which can be used to measure the SARS-COV-2 genome in Hudson-treated clinical samples by
paper colorimetry with in-tube fluorescence readout. This reduces operator intervention and reduces
test time. SHINE system's 100% specificity and 90% sensitivity were superior to RT-QPCR [60].

3.3 COVID-19 diagnostic Tool based on Crisper-Cas9

Although the direct homolog of Cas9 does not have an accompanying ssDNA or ssRNA cleavage
activity, its specific HNH and RuvC nuclease domains complement spacer sequences of guide RNA
(gRNA) and specifically clew complementary and non-complementary strands of target DNA,
respectively [61].

The critical amino acids in the nuclease domain required for Cas9 cleavage are mutated to convert
Cas9 into the Cas9 notch enzyme (Cas9n), which cleaves only one strand of DNA [61]. Simultaneous
mutations in the RuvC1 and HNH regions of Cas9 endonuclease produce death Cas9 (dCas9), which
can be used to diagnose COVID-19 [62]. This is based on the fact that dCas9 retains the ability of
gRNA to guide into the genome. At the same time, its endonuclease activity completely disappears,
enabling dCas9 virus recognition and diagnosis by binding to other effector proteins [62]. Due to the
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excellent DNA recognition ability and no trans-cutting activity of Cas9, its derivatives Cas9
endonuclease, Cas9 not chase (dCas9), and Cas9n can be used for nucleic acid detection in vitro [63].
Azhar et al. [64] developed the FnCas9 editor-linked Unified Detection analysis (FELUDA) program
based on highly accurate enzymes to diagnose viral nucleic acid sequences. Detection of SARS-COV-
2 by FELUDA using the FnCas9 RNP complex resulted in a clear sign of the SARS-COV-2 line in
the synthetic DNA, which detected the virus within 1 hour [64]. Because FELUDA does not require
complex instrumentation and has high accuracy, it can be an effective alternative to diagnostic
methods such as PCR.

4. Advantages, limitations, and optimization of CRISPR
4.1 Advantages over other methods

Although quantitative real-time reverse transcription-polymerase chain reaction (RT-gPCR) is
regarded by WHO as the gold standard for nucleic acid detection, it was found that the detection result
was not stable after a significant amount of time, and the sensitivity was even as low as 42.1%, in the
face of pandemic coronavirus like SARS-CoV-2, the optimal diagnostic method should meet the
requirements of the short time cycle, high throughput, low infrastructure requirements, high accuracy,
portability, and low cost [65].

The CRISPR-CAS system has gradually demonstrated its potential as a molecular diagnostic tool
for detecting SARS-CoV-2 nucleic acids [44].

Compared with traditional detection technology, CRISPR/Cas technology does not rely on
professional equipment, low cost, short time cycle, simple operation, strong anti-interference ability,
low requirements on sample quality, and can detect low-frequency mutations [66]. Together with
HUDSON and other rapid sample pretreatment techniques, on-site nucleic acid extraction is achieved
[67]. Graphical visualization is also combined with lateral flow test strip technology for immediate
diagnosis [68]. A portable fluorescent collector or colorimetric analysis can assist with fluorescent
readings, further reducing cost and technical difficulty [48].

4.2 Limitations and optimization

While the CRISPR/Cas system has many advantages, it also has some limitations. Since the
technique is in its early stages, it may be slightly less sensitive than the most commonly used RT-PCR
assay if applied to a large scale [69]. In addition, although Cas9 can specifically identify targets in the
gene-editing process, due to its limited specificity, it is easy to cause off-target effects, resulting in
permanent damage to the genome and cancer risk [70]. Furthermore, humans may be immune to
SgRNA and Cas proteins in the CRISPR/Cas system, reducing the CRISPR/Cas system [71].
Moreover, Cas12 and Cas9 can only be activated after recognizing the original spacer's adjacent motif
(PAM) sequences, limiting targeting and affecting editing efficiency and flexibility [72]. In addition,
the use of the CRISPR/Cas system may raise specific medical ethical issues [73].

However, as people explore the CRISPR/Cas system, some limitations are slowly being resolved.
For example, the anti-CRISPR protein AcrllA4 can reduce the incidence of off-target effects fourfold
without disrupting gene editing [74]. Studies have shown that it is possible to eliminate the limitations
of PAM by using engineering similar to PAM, ultimately achieving high-precision targeting and
reducing the off-target effect [75]. Future efforts may focus on improving the sensitivity and
accessibility of CRISPR-based SARS-COV-2 assay and its impact on future public health medicine.

5. Conclusion

The human cost of the pandemic is undoubtedly enormous. However, due to asymptomatic carrier
and early non-obvious clinical manifestations, early and accurate diagnosis of the disease is crucial in
the absence of specific treatment. One of the most effective detection methods is undoubtedly to add
large areas of nucleic acid detection at different sites. Although RT-QPCR is widely used worldwide,
the equipment is expensive and requires a professional to undergo a lengthy test cycle to obtain the
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results. As its limitations became more and more apparent, the advantages of CRISPR technology,
such as sensitivity, specificity, low cost, and no need for complex instruments, were gradually
exploited. Although the CRISPR system is still in its infancy, as scientists continue to study it, the
technology could one day play an irreplaceable role in preventing and controlling infectious diseases.
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