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A B S T R A C T   

The recent pandemic of novel coronavirus disease (COVID-19) has spread globally and infected millions of 
people. The quick and specific detection of the nucleic acid of Severe Acute Respiratory Syndrome Coronavirus 2 
(SARS-CoV-2) remains a challenge within healthcare providers. Currently, quantitative reverse transcription- 
polymerase chain reaction (RT-qPCR) is the widely used method to detect the SARS-CoV-2 from the human 
clinical samples. RT-qPCR is expensive equipment and needs skilled personnel as well as lengthy detection time. 
RT-qPCR limitation needed an alternative healthcare technique to overcome with a fast and cheaper detection 
method. By applying the principles of CRISPR technology, several promising detection methods giving hope to 
the healthcare community. CRISPR-based detection methods include SHERLOCK-Covid, STOP-Covid, AIOD- 
CRISPR, and DETECTR platform. These methods have comparative advantages and drawbacks. Among these 
methods, AIOD-CRISPR and DETECTR are reasonably better diagnostic methods than the others if we compare 
the time taken for the test, the cost associated with each test, and their capability of detecting SARS-CoV-2 in the 
clinical samples. It may expect that the promising CRISPR-based methods would facilitate point-of-care (POC) 
applications in the CRISPR-built next-generation novel coronavirus diagnostics.   

1. Introduction 

The first case of SARS-CoV-2 infection was found in December 2019 
in Wuhan, China. The coronavirus spread to different parts of the world, 
and then the WHO declared this alarming situation as a COVID-19 
pandemic disease [1,2]. Many countries were overwhelmed by the 
sudden increase of an unknown infectious disease. The healthcare pro-
viders were trying to understand this disease by collecting information 
from different sources [3,4]. The symptoms of SARS-CoV-2 infections 
are being varied widely with pneumonia and life-threatening compli-
cations such as multisystem organ failure, acute respiratory distress 
syndrome, and so on [5–7]. People with a pre-existing condition, espe-
cially aged people with respiratory or cardiovascular problems, 

diabetes, are the most vulnerable to SARS-CoV-2 infection [6,7]. People 
with severe illness can develop acute respiratory distress syndrome 
(ARDS) may lead to death. 

Furthermore, the infected individual with no symptoms caused the 
transmission of SARS-CoV-2 to others [8,9]. The treatment of Covid-19 
patients composed of supportive care, such as invasive and non-invasive 
oxygen support and treatment with antibiotics, due to the unavailability 
of an effective vaccine in the community [10,11]. To provide immediate 
treatment, a quick diagnosis of SARS-CoV-2 has surged a demand. For 
this purpose, several laboratories, including the US CDC, developed 
reverse transcription-polymerase chain reaction (RT-qPCR) assays to 
detect the novel coronavirus within 4–6 h [12]. RT-qPCR has been 
considered a gold standard for viral nucleic acid diagnosis because of its 
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high sensitivity and specificity [13]. However, RT-qPCR has some lim-
itations, such as it requires expensive equipment and well-trained 
personnel. Contrary, serology tests are rapid and need minimal equip-
ment. However, the utility is limited for diagnosing acute SARS-CoV-2 
infection, including taking days to weeks to develop an antibody 
response [14]. The necessity for instrument-free nucleic acid detection 
technologies has led to the evolution of multiple isothermal amplifica-
tion methods, including Recombinase Polymerase Amplification (RPA) 
[15] and Loop-mediated isothermal amplification (LAMP) [16]. These 
methods are advantageous compared to conventional PCR methods 
because of their simplicity, quickness, and low cost. Recently, the 
CRISPR system was adapted for the precise and quick sensing of nucleic 
acids [17–19]. For instance, a crRNA-target binding activated Cas nu-
cleases (including Cas12a, Cas12b, and Cas13a) have distinctive enzy-
matic properties so that they can cleave surrounding single-stranded 
DNA for detection of nucleic acids [20–24]. In different circumstances, 
specific high-sensitivity enzymatic reporter unlocking (SHERLOCK) 
[25] and All-In-One dual CRISPR (AIOD-CRISPR) [26] systems have 
been developed by combining RPA pre-amplification with Cas13a and 
Cas12a respectively for the ultra-sensitive detection of nucleic acid. On 
the other hand, CRISPR-Cas12a combining with RT-LAMP and LAMP 
have been developed DNA Endonuclease-Targeted CRISPR Trans Re-
porter (DETECTR) [16] and STOP test for COVID-19 (STOP-Covid) [27] 
platforms, aside from the RPA method, respectively. In this review, we 
discussed CRISPR-mediated nucleic acid detection for COVID-19 in 
clinical samples. 

2. Methods 

Different publication databases have been searched. The top 
searched engine was Google Scholar, PubMed, and Science direct. We 
explored some keywords including, novel coronavirus, SARS-CoV-2, 
Nucleic acid, and COVID-19 detection. The emphasis gave to the 
recently published articles. 

3. Discussion 

3.1. Overview of SARS-CoV-2 detection 

To mitigate the spreading of SARS-CoV-2 is detection. Without 
proper detection, the spreading of viral infections will continuously 
grow at its rate. Recently asymptomatic infected person number is 
increasing. Different countries follow different tests, such as PCR testing, 
antigen, and antibody testing, to diagnose SARS-CoV-2. Even incorrect 
detection enabling spread aided by the false-negative test result. 

3.2. Current SARS-CoV-2 diagnostics 

Xu et al. [28] reviewed currently available SARS-CoV-2 diagnostics. 
Some common diagnostics like, in viral culture test, respiratory samples 
used as specimen type where testing time requires 3–7 days. The main 
problem in this detection is time-consuming and cannot be used widely 
in clinical settings. In real-time PCR, respiratory samples, stool, and 
blood use as specimen types. This method is widely used for laboratory 
confirmation. By this method, testing time is only 1.5–3 h. But in this 
detection, there is a possibility of getting a false-negative result. As 
real-time PCR NAAT, isothermal amplification test also has some 
probability of getting false-negative results. However, it is faster than 
the real-time PCR, only 0.5–2 h. In serological testing, serum, plasma, 
and blood use as specimen types, and its most important characteristic is 
its less time, within 15–45 min detection process is done. But it has a 
drawback as sometimes its cross-reaction with other subtypes of coro-
navirus. Last, the point-of-care test is the fastest testing procedure; it 
takes only 5–30 min. In this detection, the respiratory sample is used as a 
specimen, provides rapid actionable information with good sensitivity. 

3.3. Background on CRISPR-cas9 technology 

CRISPR-Cas9 is a unique technology that enables geneticists and 
medical researchers to edit parts of the genome by removing, adding, or 
altering sections of the DNA sequence. It is a rapidly evolving technology 
that has revolutionized biological research. It represents a family of DNA 
repeats in most archaeal (~ 90%) and bacterial (~40%) genomes. 
Regulation of endogenous gene expression, epigenome editing, live-cell 
labeling of chromosomal loci, edition of single-stranded RNA, and high- 
throughput gene screening performed using CRISPR-cas9 technology 
[29]. In our review, we described this technology for nucleic acid 
detection of SARS-CoV-2. 

3.4. The mechanism of CRISPR-based nucleic acid detection 

The CRISPR system detects desired DNA or RNA sequences with 
CRISPR-Cas enzymology and amplification process in disease diagnosis 
platforms. A Cas endonuclease and a single-stranded guide RNA 
(sgRNA) form the CRISPR-Cas system. The three stages which can 
describe the CRISPR-based disease diagnosis are the adaptation stage, 
amplification processes such as RPA or LAMP/RT-LAMP, and target 
detection (Fig. 1) [30]. 

3.5. Techniques of CRISPR for nucleic acid detection 

The CRISPR technology and the variety of CRISPR-associated Cas 
enzymes provide genomes editing and nucleic acid detection. The 
identification of the nucleic acid of SARS-CoV-2 is crucial for confirming 
the COVID-19 disease. CRISPR-based methods such as SHERLOCK- 
Covid, STOP-Covid, AIOD-CRISPR, and DETECTR lateral flow estab-
lish to detect the nucleic acid in the clinical samples. 

3.6. SHERLOCK-Covid assay 

Kellner et al. (2019) [31] established a CRISPR-based diagnostic 
system that uses recombinase polymerase amplification (RPA), 
CRISPR-Cas13 complex fluorescence reporter to detect RNA or DNA 
from clinical samples. The pre-amplification step of SHERLOCK in-
troduces the T7 RNA polymerase promoter. During detection reaction, 
T7 RNA polymerase generates nucleic acid for Cas13, which induces 
single-stranded nucleic acid trans-cleavage as a collateral effect. The 
fluorescence reporter signal was released after RNA cleavage and sub-
sequently detected through the detector during post-incubation. 
SHERLOCK can provide results in < 1 h. 

3.7. STOP-Covid assay 

Joung et al. (2020) [27] developed the STOP-Covid method to detect 
SARS-CoV-2 requires a SHERLOCK pair AapCas12b-crRNA complex 
generated gRNA to bind the related sites that are imminent to the 
recognition sites of LAMP amplification primers in the target sequence. 
This complex load into the solution containing LAMP amplification 
primers, lateral flow reporter, taurine, isothermal amplification buffer, 
target sequence, etc. During incubation of the STOP-Covid system in one 
pot, the sample lysed to extract RNA by Quick Extract at 95 ◦C for 5 min 
or 60 ◦C for 10 min (Inhibition of proteinase K) and followed by LAMP 
with CRISPR- mediated detection step. The activation of AapCas12b in 
the virus’s presence within two minutes in the lateral flow strip 
confirmed the collateral activity. This Assay only takes 40 (fluorescence 
readout) or 70 min (lateral flow readout) to detect the N gene (of the 
virus) of about 100 copies of the viral genome in a nasopharyngeal swab 
or saliva sample. 

3.8. AIOD-CRISPR assay 

Recently, Ding et al. (2020) [26] conducted an All-In-One dual 
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CRISPR-Cas12a (termed AIOD-CRISPR) assay method to identify 
SARS-CoV-2. Two individual crRNAs bind two related sites of Cas12a to 
come up with a pair of Cas12a-crRNA complexes that are individually 
prepared before being loaded into the answer containing different 
components, including two RPA primers, ssDNA-FQ reporters, recom-
binase, ssDNA binding protein, strand-displacement DNA polymerase, 
and target sequence. RPA amplification is first initiated and exposes the 
binding sites of the Cas12a-crRNA complexes thanks to the strand 
displacement when incubating the AIOD-CRISPR system in one pot at 
37 ◦C. After binding Cas12a-crRNA complexes in the target sites, Cas12a 
endonuclease is activated and subsequently cleaves the adjacent 
ssDNA-FQ reporters to inflict fluorescence incessantly trigger 
CRISPR-Cas12a based collateral cleavage activity. Therefore, 
AIOD-CRISPR- based detection could detect SARS-CoV-2 N RNA and the 
human RPP30 gene in 40 min incubation (activated after reaction 
temperature arrives at 37 ◦C). 

3.9. DETECTR lateral flow assay 

Recently Broughton, James et al. (2020) [32] developed a 
CRISPR-Cas12a based assay called DETECTR to detect SARS-CoV-2 from 
extracted patient sample RNA. Nasopharyngeal or oropharyngeal swabs 
in universal transport medium used as a sample. This Assay depends on 
RT-LAMP for reverse transcription and isothermal amplification using 
loop-mediated amplification for extracted sample RNA at 62̊ C for 
20–30 min and subsequently generate nucleic acid for Cas12a, which 
induces robust single-stranded DNA trans-cleavage as a collateral effect. 
The virus’s presence is confirmed by the collateral activity of Cas12a, 
which cleaves reporter molecules at 37̊C for 10 min, visualized by a 
fluorescent reader or lateral flow strip. This method only takes 
30–40 min and detects the virus’s E gene and N gene and the human 
RNase P gene to control about ten copies/µL viral nucleic acids. 

3.10. Comparison of variant CRISPR system-mediated detection of SARS- 
Cov-2 

Rapid detection of nucleic acids is integral to applications in clinical 
diagnostics and biotechnology [31]. For the quick and sensitive detec-
tion of desired cDNA or RNA sequences of SARS-CoV-2, CRISPR-based 
diagnosed platforms such as AIOD-CRISPR, STOP-Covid, 
SHERLOCK-Covid, DETECTR have been established recently (Table 1). 
These assays have the potential to be comparable with RT-qPCR because 
the later consistently count on costly equipment and compliant 
personnel why it is not satisfactory for the point-of-care diagnostic 
application. But when it comes to the AIOD-CRISPR assay, the detection 
results can be visually judged based on the fluorescence and color 
change of reaction solutions, making it more suitable for the 
point-of-care application. AIOD-CRISPR has some peculiar advantages 
compare with previously reported CRISPR-based nucleic acid detection 
[23,25,33–36]. Hence AIOD-CRISPR employing an entire single reaction 
system may well be a quick, powerful, ultra-specific, versatile, and 
nearly single-molecule sensorial isothermal nucleic acid detection 
method [26]. 

Additionally, AIOD-CRISPR without pre-amplification can detect as 
low as 4.6 copies of RNA targets and 1.2 copies of DNA targets in 40 min 
incubation. Likewise, SHERLOCK is rapid, ultra-sensitive, and precise, 
low-cost platform detection over other detection like TaqMan qPCR 
[31]. The multi-step nucleic acid amplification process is the potential 
limitation of SHERLOCK, including fluid handling steps, complicating 
their deployment outside clinical labs, affecting accurate target quan-
tification [30]. Alongside STOP-Covid, which has an additional feature 
(such as united reaction) over SHERLOCK. Notwithstanding STOP-Covid 
provides sensitivity and does not a require sample extraction process 
and may be performed at a single temperature with one fluid handling 
step, it should further develop into a low-cost assay, and a modular 
heater should be installed to streamline the workflow and simplify the 

Fig. 1. Mechanism of CRISPR-based nucleotide detection. a Fluorescent 
tracking detection of nucleotide-based on specific binding and cutting activity 
of CRISPR/Cas9. Firstly, crRNA identifies the target nucleic acid for the spacer 
of the CRISPR Cas system. After identifying and detecting the sequence, specific 
Cas nucleases cut the target nucleic acid. After that, the vast amount of target 
fragments of nucleic acids was synthesized with the assistance of an isothermal 
amplification process. At last, fluorescent tracking finds out the target nucleo-
tides in detection platforms. b Collateral cleavage based on CRISPR/Cas effec-
tors. In the first instance, the vast amount of target nucleic acids synthesized 
with an isothermal amplification process, including LAMP, RPA, RT-LAMP. 
After that, crRNA identifies the target nucleic acid for the spacer of the 
CRISPR Cas system. After identifying and detecting the target sequence, specific 
Cas nucleases (Cas12a, AapCas12b, or Cas13) cut the target nucleic acid. 
Finally, the reporters cut by the activated Cas effectors to liberate visual fluo-
rescent signals within detection platforms. c Cleavage of the reporter RNA and 
fluorescence generation do not occur without the Cas enzyme activation. 

Md.R. Rahman et al.                                                                                                                                                                                                                           



Biomedicine & Pharmacotherapy 140 (2021) 111772

4

test to be used [27]. CRISPR-Cas12a based Assay [25,33,37,38] for 
identifying SARS-CoV-2 called SARS-CoV-2 DETECTR, which performs 
simultaneous, reverse transcription RT-LAMP [16]. Therefore, 
DETECTR technology develops a quick (~ 30 min), low-cost test that 
contains a limit of detection of 10 copies/µL of viral nucleic acid in the 
sample, which does not need expensive lab instrumentation, and 
availability currently restricted to public health laboratories [32]. Thus, 
all CRISPR system-mediated detection of SARS-CoV-2 represents a 
promising platform for developing point-of-care COVID-19 diagnostics 
and has the potential to play a crucial role in effective test-trace-isolate 
measures to contain the COVID-19 pandemic and reopen society. These 
straightforward CRISPR-nucleic acid sensing systems encompass excel-
lent potential in enabling CRISPR-based next-generation molecular di-
agnostics towards quantitation, point-of-care, and digital analysis. 

3.11. Real-time problems in the clinical setting for detecting SARS-CoV-2 

RT-PCR is a widely used method for detecting the infection of SARS- 
CoV-2 based on the nasopharyngeal specimen [39]. Several studies have 
shown that this method has excessive rates of false-negative results and 
the conversion of nucleic acid is additionally prolonged here [40–42]. 
The sensitivity of PCR-based SARS-CoV-2 was reported by Miller et al., 
2020 as 70–90%, which become agitated with the appeared date of 
symptoms [43]. The sensitivity was shown to be decreased by 30.9% in 
an alternative study on VIASURE RT-PCR Kit in clinical samples [44]. 
Extensive distribution of RT-PCR-based SARS-CoV-2 diagnosis world-
wide would face difficulties regarding the high-cost instruments, mass 
peoples with sufficient skills for performing the test and analyzing the 
results, and the required lengthy turnaround times. Due to the high 
worldwide demands of SARS-CoV-2 diagnosis, it would be a significant 
issue to supply the necessary instruments and reagents of RT-PCR with 
proper validation for manufacturers and buyers (especially for devel-
oping countries). The complications mentioned above related to the 
sensitivity and clinical setting of RT-PCR facilities indicate a disturbing 
situation in checking COVID-19. Therefore, other possibilities should be 
developed that can replace RT-PCR and overcome the complications as 
well. Nowadays isothermal amplification-based methods (LAMP and 
RT-LAMP) are used as an alternative to RT-PCR diagnostics as it utilizes 
basic instruments and inexpensive reagents [45,46]. However, these 
methods possess a few limitations, including high rates of false-positive 
results, lacking specificity, and the disadvantage of adjusting these 
methods for well-organized diagnostics as POC [47,48]. As a result, 
following CRISPR based method such as SHERLOCK [49], AIOD-CRISPR 
[26], DETECTR [50], STOP-COVID [27], and iSCAN [51] have been 
developed to get over the complications comprising false results, low 
sensitivity & poor specificity, lengthy turnaround times as well as clin-
ical settings. Table 1 presents the comprehensive features and merits of 

CRISPR-based techniques. Generally, the SARS-CoV-2 viral load in the 
early start point of symptoms was > 10^3/µL in the clinical specimen 
[52]. SherlockTM CRISPR SARS-CoV-2 kit relied on RT-LAMP and 
CRISPR complex to detect SARS-CoV-2 at 6.75 copies/µL VTM as the 
limit of detection (LoD) within 1 h, and both sensitivity and specificity 
were found to be 100% by applying 5x LoD, 3x LoD, and 2x LoD from 
nasopharyngeal specimens [49]. SARS-CoV-2 with 95% and 100% 
positive and negative predictive agreement can be visually diagnosed by 
DETECTR assay, respectively. Needful LoD and time of DETECTR assay 
is 10 copies/µL and close to 45 min, respectively, whereas CDC devel-
oped qRT-PCR required 1–3.2 copies/µL and 4 h [50]. The results of one 
pot (37 ◦C) AIOD-CRISPR assay can be visually judged, showing high 
sensitivity and specificity, detecting 1.2 copies and 4.6 copies of target 
DNA and RNA, respectively, within 40 min of incubation time [26]. 
Based on the viral load (> 10^3/µL) in clinical samples, the LoD of 
CRISPR-based diagnostics is far enough to diagnose SARS-CoV-2 effec-
tively. Hence, CRISPR-based assays could be employed as a successful 
substitute to remaining established methods of SARS-CoV-2 diagnosis 
due to their demand for basic instrumentation, little turnaround times, 
inexpensive reagents, very low viral load, high specificity, and sensi-
tivity. Finally, Sherlock Biosciences, Inc Company commercialized the 
SherlockTM CRISPR SARS-CoV-2 kit approved under FDA Emergency 
Use Authorization (EUA) [49]. 

3.12. Rapid and precise CRISPR based detection approach of SARS-CoV- 
2 

The existing methods for nucleic acid detection are precise. How-
ever, the sample manipulation and expensive machinery with duration 
slow down the viral detection. Therefore, a rapid, inexpensive, and 
sensitive diagnostic test urgently develops viral detection for disease 
monitoring [53]. Although CRISPR is a robust technique well-known for 
its use in gene editing, it has also use for viral nucleic acid detection. This 
recent development in the field of molecular diagnostics is a benediction 
for COVID-19 outbreaks. CRISPR/Cas-based diagnostic is a better option 
to develop rapid non-laboratory-based detection for SARS-CoV-2 and 
other pathogens [54]. Some Cas enzymes target DNA, single-effector 
RNA-guided RNases, such as Cas13a, which can be reprogrammed 
with CRISPR RNAs (crRNAs) to provide a vast platform for specific RNA 
sensing. Upon recognition of its RNA target, activated Cas13a engages in 
’Collateral’ cleavage of nearby non-targeted RNAs, RNAs, which allows 
Cas13a to detect the presence of a specific RNA in vivo by triggered 
programmed cell death or in vitro by nonspecific degradation of labeled 
RNA [55]. The SHERLOCK based on nucleic acid amplification and 
Cas13a-mediated collateral cleavage of a reporter RNA allows for 
real-time, rapid, and specific target detection with attomole sensitivity 
[56]. A recent study reported that CRISPR-Cas13a also targeting 

Table 1 
Potential strategies for variant CRISPR system-mediated detection of Nucleic acid of SARS-CoV-2.  

CRISPR 
variants 

Reaction 
Assay 

Features Target Advantages Disadvantages Reference 

AIOD- 
CRISPR 

One-pot 
reaction 
assay 

A pair of Cas12a-crRNA complexes, ssDNA- 
FQ reporters, SSB protein, recombinase, 
strand-displacement DNA polymerase, and 
target sequences 

SARS- CoV- 2 N RNA 
target as well as 
human RPP30 gene 

Rapid, visual, 
Ultrasensitive, and 
specific detection to 
SARS-CoV-2  

[25] 

STOP-Covid One-step 
reaction 
assay 

AapCas12b-crRNA, LAMP amplification 
primers, Lateral flow reporter, Taurine, 
Isothermal amplification buffer and target 
sequence 

N gene of the virus Rapid, point-of-care 
diagnosis of SARS-CoV-2 

Moderate cost and no-modular 
heater capable 

[26] 

SHERLOCK- 
Covid 

Two-step 
reaction 
assays 

RPA, CRISPR–Cas13 complex, a 
fluorescence reporter, and T7 RNA 
polymerase 

Detection of DNA or 
RNA 

Highly sensitive, specific, 
and rapid 

Time-consuming, increase 
complexity and cross- 
contamination, quantification 
difficulties 

[26,30] 

DETECTR One-pot 
reaction 

RT-LAMP, Cas12-crRNA, Lateral flow strip 
and fluorescence reporters 

E gene and N gene of 
virus and the human 
RNase P gene 

Visual and faster, low- 
cost, and accurate  

[31,50]  
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SARS-CoV-2 spike protein and provides a fast design pipeline for a 
CRISPR-Cas13a-based antiviral tool through cleavage effect on S against 
SARS-CoV-2 [57]. 

The development of an amplification-free CRISPR-Cas13a assay en-
ables a mobile phone microscope to detect SARS-CoV-2 from nasal swab 
RNA. The Assay achieved ̃100 copies/µL sensitivity within 30 min of 
measurement time and accurately detected pre-extracted RNA from a set 
of positive clinical samples under 5 min [58]. However, this study only 
demonstrates a proof-of-concept for sensitive and rapid SARS-CoV-2 
RNA detection by a mobile phone-based device. A light-up transcrip-
tion method of CRISPR-Cas13a enables the detection of SARS-CoV-2 and 
its mutated variants. It accommodated to sense as low as 82 copies of 
SARS-CoV-2. Specifically, it allowed to strictly discriminate key muta-
tion of the SARS-CoV-2 variant, D614G, which may induce higher 
epidemic and pathogenic risk [59]. CRISPR-based approaches have 
some advantages over the RT-PCR-based method: Isothermal signal 
amplification obviating the need for thermocycling, rapid turnaround 
time, single nucleotide target specificity, integration with accessible and 
easy to use reporting formats such as lateral flow strips, and no re-
quirements for complex laboratory infrastructure [50]. Hence, 
CRISPR-based approaches expect to use for the rapid, sensitive, and 
visual detection of SARS-CoV-2. 

3.13. Drawbacks of using CRISPR based detection 

The CRISPR-based detection is slightly less sensitive than the most 
used RT-PCR test [60]. For achieving a similar sensitivity, the 
CRISPR-based test must go through the technology’s future advance-
ment. In the case of point-of-care use at home, this diagnostic may face 
ethical challenges [61]. The regulatory agency must give point-of-care 
approval to overcome this limitation. 

4. Conclusion 

DETECTR method is 90% sensitive and 100% specific for identifying 
the novel coronavirus in respiratory swab and economical because it 
does not require expensive lab instrumentation. It only takes 30–40 min 
and detects the virus’s E gene and N gene (and the human RNase P gene 
as a control) of about ten copies/ µL viral nucleic acid [31]. Likewise, the 
AIOD-CRISPR assay possesses high specificity detecting N gene from 
SARS-CoV-2 (and human RPP30 gene for control) while avoiding 
cross-reactions for non-SARS-CoV-2 targets. It detects as low as 1.2 
copies of DNA targets and 4.6 copies of RNA targets in 40 min incuba-
tion without cDNA preparation [25]. STOP-Covid Assay takes 40 
(fluorescence readout) or 70 min (lateral flow readout) minutes. It de-
tects the N gene of about 100 copies of the viral genome in saliva or 
nasopharyngeal swabs samples. While the STOP-Covid Assay does not 
require sample extraction and can perform at a single temperature with 
one fluid handling step, it should be developed into a low-cost assay. A 
modular heater should be installed to streamline the workflow and 
simplify the test to be used [26]. The above discussion can say that 
AIOD-CRISPR, and DETECTR are comparatively better diagnostic tests 
than the other two regarding the time taken for the test, cost associated, 
and their capability to detect SARS-CoV-2 in clinical samples. 
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