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Abstract
An ongoing pandemic of coronavirus disease 2019 (COVID-19) is caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2). So far, there have been various approaches for SARS-CoV-2 detection, each having its pros and 
cons. The current gold-standard method for SARS-CoV-2 detection, which offers acceptable specificity and sensitivity, 
is the quantitative reverse transcription-PCR (qRT-PCR). However, this method requires considerable cost and time to 
transport samples to specialized laboratories and extract, amplify, and detect the viral genome. On the other hand, antigen 
and antibody testing approaches that bring rapidity and affordability into play have lower sensitivity and specificity during 
the early stages of COVID-19. Moreover, the immune response is variable depending on the individual. Methods based on 
clustered regularly interspaced short palindromic repeats (CRISPR) can be used as an alternative approach to controlling the 
spread of disease by a high-sensitive, specific, and low-cost molecular diagnostic system. CRISPR-based detection systems 
(CRISPR-Dx) target the desired sequences by specific CRISPR-RNA (crRNA)-pairing on a pre-amplified sample and a 
subsequent collateral cleavage. In the present article, we have reviewed different CRISPR-Dx methods and presented their 
benefits and drawbacks for point-of-care testing (POCT) of suspected SARS-CoV-2 infections at home or in small clinics.
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Introduction

Emerging infectious diseases are challenging the healthcare 
systems and millions of people worldwide. In December 
2019, an outbreak of the novel severe acute respiratory syn-
drome-related coronavirus SARS-CoV-2 (COVID-19) devel-
oped in Wuhan, China [1]. Since then, the COVID-19 out-
break has rapidly spread worldwide and is now considered 
a global pandemic [2]. SARS-CoV-2 has a positive-stranded 
RNA with a genome size ranging from ~ 27 to ~ 32 kb [3]. 
This virus infects various of avian and mammalian species 
and rapidly modifies the genome by recombination to gener-
ate more virulent and recalcitrant strains than the original 
strains [4, 5]. This fact is demonstrated by the recent out-
break of the novel SARS-CoV-2. The COVID-19 pandemic 
has posed additional socioeconomic challenges to health 
systems [6]. Countries have implemented strict measures 
to control the viral spread through social distancing. In the 
absence of a specific treatment for this disease, effective 
screening methods play a significant role in controlling the 
pandemic [7].
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Large-scale screening is crucial for the early detection 
of SARS-CoV-2 infection. On-time assessment of the out-
breaks is complex because of the facile transmissibility and 
delay in clinical manifestation of SARS-CoV-2 [8]. In the 
lack of robust detection tests, rapid circulation of the virus 
occurs within a population [9]. Nucleic acid amplification-
based molecular diagnostics (MDx) are relatively help-
ful, accurate, fast, and affordable compared to serological 
approaches to screen for the current presence of the virus in 
the early stages of infection [10]. Currently, the gold-stand-
ard test for molecular diagnosis of COVID-19 is quantitative 
reverse transcription-PCR (qRT-PCR) [11]. This technique 
has been suggested by both the Centers for Disease Control 
and Prevention (CDC) [12] and the World Health Organiza-
tion (WHO) [13]. However, qRT-PCR has brought urgent 
challenges for large-scale point-of-care diagnostics since it 
requires trained operators, transport of samples to central 
laboratories, and sophisticated laboratory infrastructure [14]. 
When thousands of samples must be quickly analyzed in the 
SARS-CoV-2 pandemic, it is needed to accurately read the 
results [15]. There are uncertain positive or negative rRT-
PCR readouts in correlation with the frequently detected 
“gray zones” characterized by high Ct values [16–19]. The 
major intrinsic causative factors for high Ct-Values and inac-
curate rRT-PCR readouts are user errors such as inaccu-
rate sampling, unqualified reagents, uncalibrated high-tech 
equipment, inefficient RT reactions, and PCR amplification 
of patient specimens with very low viral titers. These issues 
result in false-negative or false-positive diagnoses of the low 
viral load samples from mild, asymptomatic, or recovering 
patients, which may raise concerns about managing the dis-
ease [20–22].

In emergencies, point-of-care (POC) diagnostic 
approaches are suggested to be adapted to the ASSURED 
features (affordable, sensitive, specific, user-friendly, rapid 
and robust, equipment-free, and deliverable to end-users) 
[23]. In low-resource settings, a technique named loop-
mediated isothermal amplification (LAMP) can display an 
effective alternative to PCR-based methods [24]. LAMP 
contains a polymerase amplification at a single temperature, 
and reverse transcription LAMP (RT-LAMP) coupled with 
an early reverse transcription of a specific RNA sequence to 
DNA. Although RT-LAMP can detect RNA SARS-CoV-2 
by a single reaction at a single temperature, the results show 
low specificity and pose difficulties in adapting it to effective 
POC diagnostics [25].

Many health care systems have transitioned to the era of 
precise molecular diagnosis using clustered regularly inter-
spaced short palindromic repeats (CRISPR) and associated 
CRISPR protein (Cas) (CRISPR-Cas) [26–30]. CRISPR-based 
diagnostics (CRISPR-Dx) have developed at an extraordinary 
pace for rapid nucleic acid detection of virtually any DNA or 
RNA sequence [31]. Recently, Cas endonucleases have been 

used for the rapid, specific, and sensitive detection of nucleic 
acids [32–34]. These approaches rely on CRISPR-associated 
proteins, including Cas13 [35] or Cas12 [36], as non-specific 
endonucleases. If the programmed crRNAs recognize spe-
cific targets, Cas13 or Cas12 cleave the reporter molecules 
and produce a specific and sensitive indicator for the presence 
or quantity of nucleic acid [37]. Cas nucleases identify targets 
by making a ribonucleoprotein (RNP) with an RNA sequence 
called guide RNA (gRNA) [29, 38]. The gRNA includes a 
programmable molecule called CRISPR-RNA (crRNA) for a 
specific target. Moreover, it contains a non-coding RNA frag-
ment that facilitates interactions with effector proteins through 
hydrogen bonding and aromatic stacking [39]. When gRNA 
and the effector proteins interact, an RNP surveillance com-
plex creates to scan nucleic acids and cleave complementary 
crRNA sequences [40].

Thus, hybridizing gRNA can be reprogrammed and 
designed to target any desired downstream gene. CRISPR/
Cas systems categorize into two major classes and six types 
[41]. Type I, III, and IV systems generate the first class of 
multiprotein complexes. Type I systems use Cas3 endonu-
clease to cut DNA, while type III Cas10 nuclease cuts RNA. 
The second class divides into type II, V, and VI systems 
which comprise a single multi-domain protein with multi-
ple functions within the CRISPR process. Cas9 and Cas12 
endonucleases cleave double-stranded DNA (dsDNA) tar-
geted by a crRNA in type II and V, respectively. Cas12 also 
cuts stranded-single DNA (ssDNA) nonspecifically through 
a target-dependent activity [27, 42]. Cas13, as a class 2 type 
VI, can be reprogrammed to cleave the target stranded-single 
RNA (ssRNA) guided by crRNA, beyond dsDNA. Moreo-
ver, Cas13 has a degrading activity for non-target RNA mol-
ecules [43]. The corresponding properties of CRISPR types 
are summarized in Table 1. Class 2 systems are used widely 
in the CRISPR diagnostics of infectious diseases due to their 
simplicity and high efficiency [40]. CRISPR/Cas complexes 
consist of high-sensitivity enzymatic reporters for pathogen 
detection [44].

In this review, the CRISPR-Dx systems are described, as 
well as their applications in point-of-care molecular diag-
nosis of SARS-CoV-2. We have proposed various solutions 
based on CRISPR-Dx for the challenges of conventional 
diagnostics. We also go through how CRISPR-Cas systems, 
including CRISPR-Cas12, CRISPR-Cas13, CRISPR-Cas9, 
and CRISPR-Cas3, have developed for fast, accurate, and 
portable diagnostic tests in COVID-19 Pneumonia.

Evidence Acquisition

A literature search has been conducted using PubMed/MED-
LINE, ScienceDirect, Scopus, Web of Science, and Google 
Scholar in pursuit of the proposed solutions by CRISPR-Dx 
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to the challenges of conventional COVID-19 diagnos-
tics. Selected articles in English have been systematically 
assessed, and the preferred reporting items have been uti-
lized until January 10, 2022.

CRISPR‑Based Diagnostics (CRISPR‑Dx)

The CRISPR-Dx technology can correctly identify various 
emerging viruses, such as SARS-CoV-2 mutants. The gRNA 
can be designed based on conserved regions to recognize the 
virus even if the genome has mutated. One of these systems 
is the DNA endonuclease-targeted CRISPR trans-reporter 
(DETECTR) based on Cas12, which rapidly detects and 
cleaves ssDNA molecules (Fig. 1) [27]. Recently, nucleic 
acid pre-amplification has been combined with CRISPR/
Cas13 to develop another system called specific high-sensi-
tivity enzymatic reporter unlocking (SHERLOCK) [37]. The 
SHERLOCK method uses the activity of the Cas13 protein 
to cleave fluorescent RNA reporters. There is no need for 
advanced tools and equipment. The DETECTR and SHER-
LOCK systems are comparable to traditional MDx, such as 
RT-PCR, in terms of accuracy, specificity, and sensitivity. 
Both methods are accessible as lateral flow strips. They 
can also be portable and ultrasensitive. Other advantages 
of CRISPR-Dx over RT-PCR include the use of isothermal 
amplification, without specialized thermocycling equipment, 

high speed to achieve the final result, and specificity to tar-
get single nucleotides. Moreover, the CRISPR system can 
distinguish several pathogens or even various serotypes in 
the same sample. The SHERLOCK and DETECTR kits have 
been approved for SARS-CoV-2 detection and are now com-
mercially accessible.

SARS‑CoV‑2 CRISPR‑Dx

In general, CRISPR-Dx consists of two main elements: 
(a) a Cas-gRNA (RNP) complex that detects and cuts the 
specified nucleic acid sequences and (b) nucleotide report-
ers that create a visual signal when subsequently cut [48]. 
Different Cas groups have been used for detecting SARS-
CoV-2, including Cas3, FnCas9 (Francisella novicida-
derived Cas9), Cas12, and Cas13 protein [49]. In particular, 
the Cas12 protein recognizes and cleaves dsDNA or ssDNA 
sequences to generate the CRISPR-based SARS-CoV-2 
diagnostic [50]. This nuclease is specifically for distinguish-
ing between very similar dsDNA sequences compared to 
ssDNA. The collateral activity of Cas13 can identify and 
cleave reporter molecules, identical to Cas12 activity in 
diagnostic applications [51]. The Cas9 endonuclease is com-
monly used in genome editing for specific identification and 
cleavage of DNA sequences through gRNA sequences. How-
ever, FnCas9 can be sensitive to single-nucleotide variations 

Table 1  Overview of properties of CRISPR Class 2 systems, including types II, V, and VI, commonly used to diagnose viral infections

*ssDNA can also be detected by Cas12; however, it is less specific

Type II V VI References

Cas9 Cas12 Cas13

Effector protein Cas9 dCas9 Cas12a (Cpf1) Cas12b (C2c1) Cas13a (C2c2) Cas13b (C2C6) [40]
Size (kDa) 163 – 127 – 171 – [45]
Nuclease domains RuvC & HNH RuvC & HNH RuvC & Nuc RuvC HEPN HEPN [46]
Spacer length 18–24 nt 18–24 nt 18–25 nt 18–25 nt 22–28 nt  ~ 30 nt [40]
tracrRNA Yes Yes No Yes No No [47]
PAM Yes Yes Yes Yes No, PFS No, PFS [40]
PAM sequence 3′ G-rich 3′ G-rich 5′ T-rich 5′ T-rich 3′, non G 

(U-rich)
3′, non G [45]

Substrate dsDNA – dsDNA/*ssDNA dsDNA/*ssDNA ssRNA ssRNA [47]
Cleavage pattern Blunt-end cut – Staggered end, 5′ 

overhangs
Single staggered 

cut
Many cleavage 

sites (near U 
or A)

Many cleavage 
sites

[40]

Cleavage cis/trans Cis Cis Cis Cis Trans Trans [47]
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of RNA SARS-CoV-2 at temperatures ranging from 10 to 
50 °C [52]. Furthermore, like Cas9, the Cas3 endonuclease 
recognizes DNA sequences and requires a PAM sequence 
to cut the target site [53].

SARS‑CoV‑2 CRISPR‑Dx Based on Cas12

The first CRISPR/Cas12 DETECTR was combined with 
reverse transcription and isothermal amplification by loop-
mediated replication (RT-LAMP) for RNA SARS-CoV-2 
detection [50]. Recently, isothermal amplification methods 
include recombinase polymerase amplification (RPA) [54] 
and mediated-loop isothermal amplification (LAMP) [55]. 
They have more simplicity, rapidity, and low cost compared 
to PCR. However, non-specific amplification signals and 
false positives cause a challenge in applying them for accu-
rate and reliable POC testing for clinical diagnostics. Now 
if only CRISPR/Cas12 combines with RPA pre-amplication, 
collateral single-stranded DNA can be cleaved surrounding 

specific gRNA-targeted duplexes [56, 57]. It has been used 
to develop DETECTR for the detection of the low copy num-
ber of SARS-CoV-2 from nasopharyngeal or oropharyngeal 
swabs in less than 40 min [58]. Cas12 confirms the presence 
of a virus using cleavage of single-stranded DNA report-
ers after gRNA targeting (Fig. 1). In contrast to qRT-PCR, 
DETECTR does not need thermocycling and sophisticated 
laboratory equipment. The CRISPR/Cas12 DETECTR sys-
tem has been validated for 36 patients with COVID-19 ver-
sus 42 patients with different respiratory viral diseases [59]. 
This system detected 2-CoV-SARS with 95% positive and 
100% negative predictions agreements.

CRISPR/Cas12a-NER is an accelerated diagnostic system 
that reads the results as green fluorescent light at 458 nm that 
is visible to the naked eye [60]. When at least ten copies of a 
viral gene from SARS-CoV-2 are present in the sample, the 
Cas12 protein cleaves the reporter molecule and detects the 
results in 40 min. CRISPR/Cas12a-NER is a low-cost, high-
throughput, highly sensitive, and effective method to detect 

Fig. 1  Schematic illustration of DETECTR and SHERLOCK work-
flows for SARS-CoV-2 detection. DETECTR begins with an RT-PRA 
step to amplify extracted RNA and then uses the crRNA-Cas12 com-
plex to detect dsDNA targets. On the other hand, SHERLOCK uses 
T7 transcription to recover RNA amplicons after RT-PRA amplifi-

cation, and then identifies ssRNA targets utilizing the Cas13-crRNA 
complex. Cas12 and Cas13 cleave ssDNA and ssRNA reporters, 
respectively. The results are visible using a lateral flow assay or a 
fluorescent plate reader. This figure was created by BioRender (http:// 
www. biore nder. com)

http://www.biorender.com
http://www.biorender.com
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even asymptomatic patients [61]. Although most CRISPR-
Dx methods use custom paper strips to sense the output sig-
nal, there is no need for advanced equipment. The limit of 
detection (LoD) is reduced compared to fluorescence-based 
methods. Owing to Poisson sampling distribution, replica 
variations are significant when template copies are adjusted 
to be small (below 3–4 copies/Rx) (Fig. 2) [62, 63].

A CRISPR-Cas12 detection system has been optimized in 
96-well microtiter plates to be used in well-equipped labora-
tories with precision fluorescent plate readers. This system, 
named CRISPR-FDS, can be customized with any diagnostic 
probe designed for RPA or RT-PCR methods (Fig. 2) [64]. It 
can detect two copies of the target sequence for each positive 

SARS-CoV-2 sample in about 50 min. For specific samples, 
the achieved positive results from the sensitive CRISPR-
FDS system were false-negative results of the RT-qPCR 
test. CRISPR-FDS presents a reliable, accurate, and rapid 
system for COVID-19 detection, although it cannot quantify 
viral titers like RT-qPCR. In a similar attempt, ultrasensi-
tive detection of SARS-CoV- 2 named iSCAN (in vitro Spe-
cific CRISPR-based Assay for Nucleic acids detection) was 
designed by coupling CRISPR/Cas12a with RT-LAMP [65]. 
The iSCAN system includes a colorimetric reaction with the 
lateral immune-chromatography flow to increase the speed, 
precision, and operation facility (Fig. 2). The iSCAN sys-
tem is preferred for large-scale, in-field deployment for early 

Fig. 2  Summary of current CRISPR-Dx technologies organized by 
Cas12 enzyme to diagnose SARS-CoV-2. The crRNA-Cas12 com-
plex can recognize a specific sequence at the RT-amplified dsDNA. 
By base pairing between crRNA and target, Cas12 is activated and 
cleaves the fluorescent ssDNA reporters. Therefore, a fluorescent 
signal appears as visible light at 458  nm. It can be detected by the 
naked eye in the CRISPR/Cas12a-NER assay, fluorescent plate reader 

in the CRISPR-FDS test, or the lateral flow in the iSCAN system. In 
the AIOD-CRISPR assay, the steps are implemented in a single-pot 
reaction and incubated at the same temperatures. The SENA test uses 
rRT-PCR to amplify the SARS-CoV-2 genome and Cas12a to target 
specific sequences. This figure was created using BioRender (http:// 
www. biore nder. com)

http://www.biorender.com
http://www.biorender.com
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identification of SARS-CoV-2 to limit the spread of the virus 
[66].

In another attempt, an integrated viral nucleic acid detec-
tion system called CASdetect (CRISPR-assisted detection) 
was advanced to detect SARS-CoV-2 [67]. It integrates 
Cas12b-mediated DNA detection with sample treatment 
and amplification strategies. The CASdetect system can 
detect 1 ×  104 copies/mL for the SARS-CoV-2 sample, 
without cross-reactivity to SARS-CoV-1 and MERS-CoV. 
For more sensitive detection, a CRISPR-Cas12-based spe-
cific enhancer was needed, i.e., in the Specific Enhancer 
for detection of PCR-amplified Nucleic Acids (SENA) 
[68]. They first analyzed the COVID-19 clinical specimens 
by rRT-PCR and then verified amplicons with uncertain 
readouts by SENA. The Cas12a specifically trans-cleaves 
the rRT-PCR amplicons of the SARS-CoV-2 sequences 
by mixing fluorescence change (FC) with SENA reaction 
(mix-FCratio). LoD per reaction was at least two copies 
less than that of rRT-PCR. The SENA system can detect the 
virus even in false-negative samples from recovered patients 
(Fig. 2).

However, multiple manual operations of CRISPR-Dx, 
such as nucleic acid separation and pre-amplification, com-
plicate the procedures and increase the risk of contamina-
tion. An all-in-one dual CRISPR-Cas12a, called “AIOD-
CRISPR,” has been developed to resolve this problem 
for simple, rapid, ultrasensitive, specific, and optic-based 
detection of SARS-CoV-2. They integrated nucleic acid 
amplification and a pair of crRNAs for a dual CRISPR-
Cas12-based detection in a single reaction (Fig. 2). The 
AIOD-CRISPR system can detect both retroviral genomes, 
RNA SARS-CoV-2 and DNA HIV-1, in 20 min. Moreover, 
a low-cost hand warmer (~ $ 0.3) was used as an incubator 
for visual detection of COVID-19 at the POC, which has 
significant potential for developing countries. The AIOD-
CRISPR method is the first system in which all components 
incubate in one reaction without separating manual opera-
tions [69]. The AIOD-CRISPR assay enables super-fast (few 
minutes), ultrasensitive (few copies), and precise detection 
of SARS-CoV–2 without any false positives (e.g., SARS-
CoV, MERS-CoV) with as low as 4.6 copies [70]. Multi-
plexing rapid detection can be developed by combining the 
AIOD-CRISPR assay with multiplexed microfluidics tech-
nology [71, 72]. Additionally, all reagents can be pre-stored 
as lyophilized powder in a disposable microfluidic platform 
[73–77]. With smartphone technology, AIOD-CRISPR 
signals can be taken as fluorescence photos, converted into 
fluorescence intensity, analyzed, and reported as qualitative/
semi-quantitative test results [78–80]. A CRISPR-Cas12a-
powered optical biosensor was recently released for ultra-
sensitive detection of SARS-CoV-2 in a friendly user inter-
face, even with the naked eye. The colorimetric readouts 
were examined directly on a smartphone running the Color 

Picker App, substantially simplifying the process, increas-
ing detection mobility, and lowering costs [81]. Overall, 
a microfluidic device can implement two main steps: (1) 
automatic nucleic acid extraction from nasopharyngeal sam-
ples and healthy controls and (2) an electric field applica-
tion to simultaneously influence and monitor the activity 
of the CRISPR/Cas12 complex [82]. Finally, it can detect 
SARS-CoV-2 nucleic acid in COVID-positive-19 cases in 
just 30 min.

SARS‑CoV‑2 CRISPR‑Dx Based on Cas13

The CRISPR/Cas13 system is activated by base pairing 
between the target sequence and crRNA to create a program-
mable and accurate diagnostic system [56]. An advanced 
protocol has been established for using the CRISPR/Cas13-
based SHERLOCK technique to detect COVID-19 [83]. 
The test starts with RNA purification from specimens and 
isothermal RPA amplification. Subsequently, Cas13 detects 
pre-amplified sequences by destroying supplied reporter 
RNAs and releasing fluorescent reporters. COVID-19 detec-
tion results are read out using dipsticks without requiring 
elaborate instrumentation. The SHERLOCK COVID-19 
detection test ends in 1 h with minimized off-targets by 
selecting guide sequences in a range between 20 and 200 
aM (10–100 copies per microliter of input) [83].

On May 6, 2020, the US Food and Drug Administration 
(FDA) granted an Emergency Use Authorization (EUA) 
to Sherlock Biosciences Company favorably considering 
innovative workflows more divergent than qRT-PCR. It was 
the first CRISPR-based SARS-CoV-2 test to be approved. 
Sherlock’s EUA represents a relatively conservative step in a 
new assay. However, it requires nucleic acid extraction, RPA 
amplification, a laboratory, trained technicians, and at least 
one hour or more to run the assays. However, an alternative 
POC assay named STOPCovid uses a simple lysis buffer to 
extract the viral genome and a lateral flow dipstick to assess 
the LoD of 100 copies per reaction in either NP swabs or 
saliva within 15 to 20 min [84]. New alternatives to SHER-
LOCK were made using multiplexed nucleic acid detection 
based on Cas13 called “CARMEN,” which further expands 
on concepts of microfluidics to screen respiratory pathogens 
[85]. The enzyme Cas13 from Leptotrichia wadei was used 
in the clinical validation of the SHERLOCK tests to detect 
SARS-CoV-2 in samples collected at Siriraj Hospital, Thai-
land [86]. SHERLOCK was 100% specific and 96% sensi-
tive with a fluorescence readout in 100% agreement with 
quantitative PCR with reverse transcription [87].

The SHERLOCK technique applied a system called heat-
ing unextracted samples to obliterate the nucleases (HUD-
SON) to eliminate the nucleic acid extraction step (Fig. 3) 
[88]. This process needs to prepare multiple reactions and 
transfer samples between them. In a worthy attempt, a fast 
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and sensitive system was made to detect the SARS-CoV-2 
genome called “SHINE” (SHERLOCK and HUDSON inte-
gration to navigate epidemics) without requiring extraction 
of nucleic acids [89]. The SHINE system applies portable 
devices to heat samples with HUDSON in paper-based 
colorimetric or in-tube fluorescent readout methods with a 
low chance of contamination. The SHINE is a paper-based 
colorimetric technique with higher specificity (100%) and 
sensitivity (90%) compared to RT-qPCR. This method has a 
sample-to-result period of 50 min (Fig. 3). It was developed 
for continuous CRISPR-based surveillance using a genomic-
comprehensive machine learning design for a series of 
COVID-19 detection tests and procedures [90]. Developed 
algorithms improved the sensitivity of SHERLOCK diag-
nostics for SARS-CoV-2 detection by up to 10 copies per 
microliter [90].

While different CRISPR-Dx systems have been 
developed for rapid SARS-CoV-2 detection, none have 
addressed rearrangements and genomic mutations. It is 
well known that RNA SARS-CoV-2 frequently mutates 
to avoid attacks from humans’ immunity and constantly 
adapts. Significantly, such mutations can affect the ability 
of qRT-PCR assays and the CRISPR/Cas system to rec-
ognize the target [91, 92]. Therefore, variant nucleotide 
guards must be altered to develop the diagnostic system's 
capabilities for the specific detection of SARS-CoV-2 
mutants [93]. By taking advantage of low-cost thermo-
cyclers and widely available enzymes, a method called 
CREST (Cas13-based, Rugged, Equitable, Scalable Test-
ing) was developed to address the barriers of CRISPR/
Cas13-based diagnostics [51]. The CREST technique 
conveniently detects SARS-CoV-2 using a transcription-
recognition reaction based on the PCR method’s reliability 
and robustness. With management in ∼ 2 h, CREST can be 

Fig. 3  Summary of current CRISPR-Dx technologies organized by 
Cas13 enzyme to diagnose SARS-CoV-2. The SHINE test, which 
combines SHERLOCK and HUDSON, can detect the target sequence 
without requiring nucleic acid extraction. In the HUDSON step, 
viral and nuclease are inactivated by heating to prepare for the sec-
ond step. Without nucleic acid purification, RNA is RT-PRA ampli-
fied and recovered using T7 transcription. The crRNA molecule tar-

gets a specific sequence, and the Cas13 enzyme cleaves reporters in a 
single-step SHERLOCK assay. On the other hand, the CREST assay 
begins with RNA extraction and reverse transcription to DNA mol-
ecules. After transcription and targeting, Cas13 cleaves the reporter 
molecules to detect visible light at 495 nm with a blue LED and an 
orange filter. This figure was created using BioRender (http:// www. 
biore nder. com)

http://www.biorender.com
http://www.biorender.com
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started from standard sampling, high-quality RNA extrac-
tion, and reverse transcription to DNA molecules. After 
amplification, Cas13 activation is visualized with blue 
LED (~ 495 nm) and orange filters (Fig. 3) [51].

SARS‑CoV‑2 CRISPR‑Dx Based on FnCas9 and Cas3

Among the CRISPR effector enzymes, Cas9 is an RNA-
targeted DNase used for gene editing in research settings 
and gene therapy. Francisella novicida Cas9 (FnCas9) was 
reported as a very specific nuclease that binds to off-target 
loci [94]. The FnCas9 system was used to develop an effec-
tive and accurate alternative method for diagnosing SARS-
CoV-2 called the FnCas9 editor-linked uniform detection 
assay (FELUDA), which does not require complex instru-
ments [95]. The FELUDA approach utilizes the FnCas9 
RNP complex to clarify signatures of the SARS-CoV-
2-specific sequences within one hour, with specificity down 
to one nucleotide for SARS-CoV-1. Such devices prove the 
efficacy of lateral flow instruments as low-cost and machine-
independent alternatives to conventional detection methods.

Recently, it has been reported that Cas3-RNP complexes 
can trigger specific and targeted cleavage of DNA [96, 97]. 
A Cas3-based assay was combined with isothermal amplifi-
cation and was named Cas3-operated nucleic acid detection 
N (CONAN) [53]. The sensitivity and speed of CONAN RT-
LAMP are comparable with those of DETCTR RT-LAMP 
and qRT-PCR, although it is more specific for single-base-
pair discrimination without high-tech performance.

Perspectives

Historically, a broad class of viruses has affected human 
health, including the H1N1 influenza virus, Human Immu-
nodeficiency Virus (HIV), Zika virus (ZIKV), Ebola Virus, 
dengue virus (DENV), SARS coronavirus (SARS-CoV), 
and MERS coronavirus (MERS-CoV). The main challenge 
in viral outbreaks is rapid testing to limit the spread of the 
disease [98].

CRISPR-based diagnostic systems have been extensively 
explored within the field of viral infection in the laboratory 
and clinical settings [99]. The DETECTR method can distin-
guish between two high-risk types of human papillomavirus 
(HPV), HPV16 and HPV18, by targeting the hypervariable 
loop V of the L1-encoding gene [27]. Furthermore, the 
SHERLOCK protocol can be used for diagnosing HIV, as 
one of the significant concerns worldwide [32, 88]. A PCR-
based CRISPR-Cas13a detects the drug resistance muta-
tion in the hepatitis B virus (HBV) [100]. SHERLOCK and 
HUDSON protocols can also diagnose flaviviruses such as 
ZIKV, DENV, West Nile, and yellow fever viruses with high 

sensitivity and single-base resolution [101]. In addition, sev-
eral other viruses were also detected using CRISPR-Cas12a/
based-Cas13a methods, such as avian influenza A (H7N9) 
viruses [102], Ebola virus (EBOV), and Lassa virus (LASV) 
[103, 104], as well as SARS-CoV-2 [105, 106].

CRISPR proteins play a crucial role in bacterial and 
archaeal immune defense by allowing the identification and 
cleavage of specific foreign nucleic acid sequences, includ-
ing invading viruses or plasmids [107, 108]. The CRISPR-
Dx system has been recognized as a practical tool in iden-
tifying antimicrobial drug-resistant bacteria [109]. One 
method called FLASH (Finding Low Abundance Sequences 
by Hybridization) has used Cas9 and multiplex guide RNAs 
to target a total of 3624 antimicrobial resistant bacteria, 
including S. aureus, MRSA infections, and vancomycin-
resistant E. faecium [110]. Besides FLASH, the CRISPR-
Cas12a system has usability for rapid Mycobacterium tuber-
culosis (Mtb) diagnosis following RPA [111]. During the 
enterohemorrhagic outbreak in 2011, CRISPR techniques 
could detect a specific locus to the E. coli hybrid [112]. The 
CRISPR-Dx system plays an important role in determining 
the oncogenes and genetic mechanisms in cancer research. 
Post-treatment changes and resistance genes to drugs can 
be targeted to identify new accuracy therapy biomarkers 
and cancer prevention [113, 114]. The CRISPR-based sys-
tems recognize the desired genomic area via a high-specific 
gRNA and make a break using one of the Cas nucleases. 
They can be reprogrammed to ensure that unwanted products 
do not interfere with the reaction outcome, even in the pres-
ence of similar mutates.

Conclusions

There are currently more than 531 million confirmed 
COVID-19 cases worldwide and 6.3 million confirmed 
deaths, according to the last update from WHO (May 30, 
2022, 08:16 GMT). Effective screening methods have a criti-
cal role in controlling the pandemic. Now, RT-PCR provides 
adequate sensitivity and specificity. However, it lacks rapid-
ity and cost-effectiveness. The results of RT-PCR tests are 
determined in 3–4 h, and an average of 6–8 h is added to 
this time because samples must be sent to specialized labo-
ratories. Additionally, the high-tech equipment and trained 
operators essential for this method are significant limita-
tions to its use. Serological screening approaches show lower 
sensitivity and specificity due to cross-reactivity with the 
phylogenetically closest viruses, despite of rapidity and 
affordability. Also, immunoassays cannot detect SARS-CoV-
2-specific antibodies during the early stages of COVID-19, 
leading to false-negative serological results. Moreover, there 
would be individual variability in the host immune response, 
representing population-level allelic diversity of antibodies. 
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Antigen tests also detect viral surface proteins to diagnose an 
active or acute infection in specimens from the nasopharynx 
and anterior nares. It is recommended antigen tests for indi-
viduals, with symptoms during the first 5 to 7 days of infec-
tion with an average sensitivity of about 50%. Thus, there 
is an urgent need to control the spread of disease through 
instrument-free point-of-care detections that are specific, 
sensitive, low cost, and rapidly field-deployable all at once. 
Such devices are the primary goal of CRISPR-based sys-
tems. They will ambitiously compete for diagnostics and 
possibly have a lasting and effective impact on best practices 
and state-of-the-art methods in the post-pandemic era. To 
conclude, CRISPR-based systems can be easily used even 
in communities with poor economies since no sophisticated 
laboratory equipment is needed.
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