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Abstract 9 

COVID-19 pandemic posed an unprecedented threat to global public health and economies. There 10 

is no effective treatment of the disease, hence, scaling up testing for rapid diagnosis of SARS-CoV-2 11 

infected patients and quarantine them from healthy individuals is one the best strategies to curb 12 

the pandemic. Establishing globally accepted easy-to-access diagnostic tests is extremely important 13 

to understanding the epidemiology of the present pandemic. While nucleic acid based tests are 14 

considered to be more sensitive with respect to serological tests but present gold standard qRT-15 

PCR-based assays possess limitations such as low sample throughput, requirement for sophisticated 16 

reagents and instrumentation. To overcome these shortcomings, recent efforts of incorporating 17 

LAMP-based isothermal detection, and minimizing the number of reagents required are on rise. 18 

CRISPR based novel techniques, when merge with isothermal and allied technologies, promises to 19 

provide sensitive and rapid detection of SARS-CoV-2 nucleic acids. Here, we discuss and present 20 

compilation of state-of-the-art detection techniques for COVID-19 using CRISPR technology which 21 

has tremendous potential to transform diagnostics and epidemiology. 22 
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1. Introduction: SARS-CoV-2 detection:  A group of patients showing presence of 25 

pneumonia of an unknown etiology raised concern in Wuhan, China, during December 2019. Sample 26 

sequencing of these patients revealed the presence of previously unknown beta-coronavirus named 27 

as 2019-nCoV later renamed as SARS-CoV-2. SARS-CoV-2 classified as clade within the subgenus 28 

sarbecovirus, Orthocoronavirinae [1,2]. Recent sequencing alignment revealed 88% to 96% similarity 29 

between bat coronavirus and SARS-CoV-2 hypothesized bat as the most possible host of the SARS-30 

CoV-2 before transmitted to humans [3,4]. Subsequent studies show pangolins are potential 31 

intermediate host for SARS-CoV-2 virus [4]. Highly transmissible SARS-CoV-2 virus resulted in 32 

increasing number of cases throughout the world, that leads to pandemic declaration by WHO (World 33 

Health Organization). Since the declaration of the COVID-19 pandemic on 11th of March 2020 by the 34 

WHO, more than 5.6 million people worldwide have been infected with SARS-CoV-2, resulting in more 35 

than 356254 fatalities till 29th May 2020 [5]. An accurate view of the epidemiology of this disease 36 

requires rapid testing and identification to inform followed by contact tracing and quarantine 37 

strategies necessary to slow the rate of transmission [6]. Complicating the epidemiology of COVID-19 38 

is the finding that Pre-symptomatic carriers are capable to shed/transmit SARS-CoV-2 prior to onset 39 

of symptoms [7].  40 

At present, two general types of tests are available for COVID-19, namely, serological tests and nucleic 41 

acid-based tests.  While serological detection has the advantages of being easier to conduct, without 42 

need for sophisticated instruments, these tests depend on antibody detection, which requires 43 

seroconversion to occur in patients prior to administration of the test. During the incubation period 44 

of 5-14 days prior to symptom onset, serological tests may suffer from a high rate of false-negative 45 

reporting due to low titer of IgM or IgG antibodies in blood samples [8]. Different methods are 46 

summarized in Table-1. 47 

So far, qRT-PCR is considered to be gold standard for SARS-CoV-2 detection. qRT-PCR involves RNA 48 

isolation from patient sample (nasal, nasopharyngeal or oropharyngeal swabs, sputum, lower 49 

respiratory tract aspirates) and cDNA synthesis followed by amplification of target regions of viral 50 

genome detected using double strand specific SYBR green or TaqMan-based fluorescent probes (Fig 51 

1) [9]. Usually N/Nucleocapsid gene, ORF1b, RDRP and E gene of the SARS-CoV-2 is amplified for 52 

detection (Table-2). Multiplexing i.e. amplification of part of two or more genes at a time is also 53 

possible in this technique for further confirmatory detection. 54 

  55 
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a) Nasopharyngeal swab collection from infected patients b) RNAs extracted from samples (red strand) c) 56 

Reverse transcription for cDNA synthesis (green strand) and amplification (RT-PCR) conducted by using target 57 

specific primers (eg. SARS-CoV-2 N gene or RDRP gene) d) Quantitative real time PCR (qRT-PCR) conducted to 58 

identify positive samples. Amplification of sample monitored in real time based on fluorescence generated by 59 

incorporation of dyes like SYBR green in double stranded DNA. Further TaqMan probes specific to target 60 

sequence increases the specificity and sensitivity. 61 

There are several drawbacks to qRT-PCR-based tests, such as the requirement for a centralized 62 

laboratory, trained technical staff, sophisticated instrumentation, and expensive reagents that may 63 

not be available at the point of care. Additionally, the overall turnaround time may be quite long. 64 

Although detection assays themselves may only require 3-4 hours, collection, transport, and data 65 

analyses may extend reporting to greater than 24 hours.  66 

The other promising nucleic acid based test is RT-LAMP (Loop-mediated isothermal amplification) and 67 

its refined version known as RT-RPA (Recombinase Polymerase amplification) [10,11]. Both the 68 

methods are alternatives to qRT-PCR method. Since these are isothermal amplification techniques, a 69 

simple heating block can replace expensive thermocycler machines. Elimination of thermocycling 70 

helps in reduction of overall time needed for the tests and reduces the cost per assay.  71 

The LAMP technique involves targeting of 6 target sequences with 4 primers along with application of 72 

a strand-displacing DNA polymerase [10]. Targeting of several sequences simultaneously makes the 73 

assay highly selective for SARS-CoV-2. The reaction endpoint can be determined using double-74 

stranded DNA binding dyes or colorimetric pH indicator dyes (Fig-2). Alternatively, RPA utilizes the key 75 

enzymes like recombinase, single stranded DNA-binding protein (SSB) and strand displacing 76 

polymerase. The reaction starts with pairing of primer to double-stranded DNA by displacing one 77 

strand with the help of recombinase enzyme. Single-stranded DNA stabilized by SSB proteins and then 78 

amplification of DNA is carried out by a strand-displacing polymerase akin to PCR amplification. In 79 

order to detect RNA targets, amplification occurs after reverse transcription. The advantage of RPA is 80 

its optimal temperature ranges between 37°C to 42°C, which allows it to be conducted in simple water 81 

bath. Within 10 min, few viral copies could be converted into detectable amount [10]. Further addition 82 

of TwistAmp exo probes and exonuclease III leads to generation of signal by cleavage of exo-probe 83 

functioning as real time detection [11]. 84 

  85 
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Although Isothermal reactions promises cheaper and easier alternative to RT-PCR but optimization of 86 

primers and reaction parameters still remains an issue. Therefore, sensitivity and accuracy are 87 

challenging for isothermal techniques.  88 

Coupling isothermal reactions with CRISPR (Clustered Regularly Interspaced Short Palindromic 89 

Repeats) based nucleases found to be an advanced effective tool for nucleic acid based detection.  90 

1.1. CRISPR associated nuclease based methods: 91 

Discovery of CRISPR mediated adaptive immunity and a range of CRISPR-associated proteins (Cas) has 92 

not only led transformative advances in genome editing but also in the space of developing next-gen 93 

nucleic acid-based diagnostics of disease and pathogen. Integration of lateral-flow chemistry in CRISPR 94 

diagnostics opened windows of opportunities towards development of rapid, reliable, specific, and 95 

cheap diagnostic kits. CRISPR system has been used for development of molecular diagnostics kits for 96 

detection of Dengue virus (DENV), human papillomavirus (HPV) and Zika virus (ZIKV) in human samples 97 

[21]. 98 

 In 2018, Feng Zhang and team developed a method for multiplexed and portable nucleic acid 99 

detection platform which used Cas13, Cas12a, and Csm6, called SHERLOCK (specific high-sensitivity 100 

enzymatic reporter unlocking) [22] and have successfully used the system for detection of human 101 

viruses. In addition to SHERLOCK, there are other CRISPR – based detection techniques published 102 

recently (Table-2). One of such techniques is DECTECTR, developed by Chen et al. (2018) [23]. 103 

DECTECTR is Cas12a based detection method that involves Cas12a activation after binding with SARS-104 

CoV-2-cDNA and cuts reporter probes (oligonucleotide sequences labelled with the reporter 105 

molecules 6-carboxyfluorescein (FAM) and biotin) which confirms detection of virus. Similarly, 106 

another Cas12b-based technique CASdetec has been successfully developed, where gRNA has been 107 

modified to improve the accuracy further. DECTECTR and CASdetec were reported to detect the viral 108 

RNA genome samples at a level of 104 – 105 copies per ml of sample [24]. In addition to SARS-CoV-2 109 

CASdetec has been successfully used for detection of other coronaviruses (SARS-CoV, MERS-CoV, CoV-110 

HKU1, CoV-229E, CoV-OC43, and CoV-NL63) known to cause respiratory diseases with high sensitivity 111 

and specificity [24]. Other CRISPR- assisted nucleases such as fnCAS9, Cas12a have also been used for 112 

COVID-19 detection, and of these fnCAS9 with its higher mismatch specificity exhibited very high level 113 

of accuracy for faster detection [24,25]. Table-2 shows genes of COVID-19 amplified during different 114 

CRISPR-based detection assays. Recently, Sherlock Biosciences (Cambridge, USA), received approval 115 

from US Food and Drug Administration’s (FDA) for employing CRISPR-based diagnostic kit for 116 

screening COVID-19 cases. The company is working on programming the machinery, which could 117 
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extract SARS-CoV-2 genetic material in a swab samples from nose, mouth, or throat of patients, or in 118 

fluid from the lungs [7]. 119 

  120 

  121 

2.1. CRISPR-Cas13a (C2C2) enzyme based COVID-19 detection: 122 

Gootenberg et al. utilized the Cas13a instead of Cas9 considering its ability to bind and cleave RNA 123 

rather than DNA substrate [29]. This potential leverage this method to be utilized for viral RNA 124 

detection directly. Further contrasting to Cas9, Cas13a becomes an enzymatically active entity instead 125 

of returning to inactive state. Active Cas13a cleaves surrounding RNAs regardless of homology. 126 

Additionally, this group of scientists developed a technology which provides potential of detection 127 

rapidly with high sensitivity, single base specificity and all this on a portable platform. This technology 128 

called as SHERLOCK (Specific High-sensitivity Enzymatic Reporter un-LOCKing). which utilizes the 129 

recombinase polymerase amplification (RPA) as it an isothermal nucleic acid amplification substitutes 130 

need of sophisticated PCR machine. SHERLOCK directly works on RNA virus detection and could also 131 

be useful in DNA detection by incorporating T7 RNA polymerase in reaction to convert DNA to RNA. 132 

Amplified RNA molecules are subjected to Cas13a nuclease with a guide RNA specific to sequence of 133 

interest. After binding to complementary sequence of guide RNA to sample RNA, Cas13a get activated. 134 

Active Cas13a shows nonspecific collateral cleavage activity. This collateral cleavage activity reports 135 

the signal by cleavage of short nucleotide sequence that is coupled to a fluorescent reporter and a 136 

quencher. Cas13a proved its ability to detect RNA as low as 2% of total serum in reactions [29]. There 137 

was confirmed differentiation between Zika virus (ZIKV) and dengue virus (DENV) at minimum 138 

concentration of 2000 copies of viral genome per mL (3.2aM) [29]. Myhrvold et al. introduced 139 

HUDSON technique which offer convenient and simpler RNA extraction from various samples [30]. 140 

HUDSON is a method of RNA extraction by lysis of viral particles with inactivation of RNases found in 141 

body fluids by using heat and chemical reduction. Advantage of using HUDSON extraction is, the 142 

samples after RNA extraction could be directly added to RPA reactions without dilution or purification 143 

(to avoid solidification during heating, blood products diluted 1:3). HUDSON combined with SHERLOCK 144 

enables detection from range of samples (urine, whole blood, plasma, serum, or saliva) with high 145 

sensitivity [30]. In the most recent version of the SHERLOCK technique (SHERLOCKv2) (Fig. 4). 146 

Gootenberg et al. achieved four-channel multiplexing with 3.5 times increased signal sensitivity to 147 

measure as low as 2 aM concentration (2 x 10-18 molar viral RNA) [22]. They also discussed application 148 

of lateral flow strip-based detection by using FAM-RNA-Biotin reporter. They reported use of 149 

HybriDetect strips from Milenia as strip based convenient assay. Addition of CRISPR type-III effector 150 
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nuclease Csm6 to this reaction for amplified signal detection. Property of synergistic activation of 151 

Csm6 by Cas13 leads to enhancement of signal [22]. 152 

 153 

 154 

2.2. CRISPR-Cas12a (Cpf1) enzyme for detection:  155 

The Doudna group at the University of California Berkley utilized Cas12a in a CRISPR-based detection 156 

assay, DNA Endonuclease Targeted CRISPR Trans Reporter (DETECTR). Chen et al. reported remarkable 157 

phenomenon about Cas12a. When target sequence complementing at least 15 nucleotides of crRNA, 158 

Cas12a cleaves double stranded DNA activating collateral ssDNA cleavage. Activated Cas12a shows 159 

trans-ssDNA collateral cleavage activity and cleaves single stranded DNA without any specificity 160 

known as indiscriminate single-stranded DNase activity [23]. Mammoth Biosciences Inc. (San 161 

Francisco, California, USA) has reconfigured the DETECTR platform for the detection of SARS-CoV-2 162 

within 30 min time from sample to read-out by using lateral flow strip format [7]. RNAs extracted from 163 

sample simultaneously subjected to reverse transcription and isothermal amplification by using loop-164 

mediated amplification (RT-LAMP). RT-LAMP reaction takes 20 min and conducted at 62°C. Further 165 

Cas12a binds specifically predefined SARS-CoV-2 gene sequences and get activated. This activated 166 

Cas12a cleaves the reporter probes which in turn serves readout in lateral flow strip detection (Fig. 5). 167 

Cas12a can perform 88 detections in 10 min at 37°C within 10 minutes [7]. 168 

  169 

 170 

All-in-One Dual CRISPR-Cas12a (AIOD-CRISPR) Assay: 171 

Ding et al. utilized two individual crRNAs to generate pair of Cas12a-crRNA which binds to two 172 

different sites of target sequence near to RPA primer binding sites [27]. At 37°C RPA amplification 173 

initiates first, and displacement of strands exposes the Cas12a-crRNA binding sites of target sequence. 174 

Binding of Cas12a-crRNA on target site activates its endonuclease activity which cleaves the ssDNA-175 

FQ reporter (single stranded DNA sequences labelled with the reporter molecules 6-176 

carboxyfluorescein (FAM) and quencher) to produce fluorescence. This same process repeated 177 

continuously on amplified products of RPA. This gives leverage to amplify the signal of detection. Once 178 

the complementary sequence binding happens in positive samples, Cas12a cleaves other ssDNA-FQ 179 

reporters in proximity by indiscriminate single-stranded DNase activity producing. This process is 180 
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possible in single tube gives advantage by eliminating need of separate preamplification and amplified 181 

product transferring. Further the detection is possible by naked eyes. They also reported that there 182 

was no significant difference in positive and negative sample fluorescence when the tubes are kept at 183 

room temperature even after 10 min. At 37°C within one minute there was notable difference in 184 

fluorescence of positive sample give further advantage to control the reaction at temperature (Fig. 6) 185 

[27]. 186 

  187 

Enhanced analysis of nucleic acids with crRNA extensions (CRISPR-188 

ENHANCE): 189 

In this technique optimization of CRISPR-based detection assay was achieved. This technique relies on 190 

earlier observations about improvement of Cas12a activity due to extended secondary DNA on the 191 

guide crRNA or a hairpin RNA structure added to the sgRNA or chemically modified Cas12a guided 192 

RNA. Nguyen et al. developed the CRISPR-ENHANCE (Enhanced analysis of nucleic acids with crRNA 193 

extensions) technique by using engineered crRNA+3’DNA7 [28]. Observations also revealed that 194 

normal system detects RNA efficiently only when target strand for crRNA is DNA rather than RNA in a 195 

heteroduplex. But crRNA+3’DNA7 is more efficient in enzymatic collateral activity on DNA/RNA 196 

heteroduplex compared to wild type crRNA. For detection of SARS-CoV-2 crRNAs were designed to 197 

target nucleocapsid phosphoprotein encoding N gene. Engineered crRNA+3’DNA7 proved higher 198 

sensitivity than wild type crRNA of SARS-CoV-2 for detection within 30 minutes. Integration of paper 199 

based lateral flow assay with FITC-ssDNA-Biotin reporter reduced detection time to 20 min and 200 

detection of SARS-CoV-2 cDNA to 1 nM without any target amplification. Reverse transcription along 201 

with loop mediated isothermal amplification (RT-LAMP) when used the detection limit further 202 

reduced to 3-300 copies of RNA by wild type crRNA as well as engineered crRNA+3’DNA7. But wild 203 

type crRNA showed more darker control band (due to insufficient cutting of reporter probes) 204 

compared to engineered crRNA+3’DNA7 on paper strip (due to more efficient cutting of reporter 205 

probes). When band intensity compared, ENHANCE showed average 23-fold intensity ratio of positive 206 

band to control band compared to wild type crRNA’s average 7-fold ratio at SARS-CoV-2 RNA 207 

concentration between 1 nM and 1 pM. Also, in case of ENHANCE visible confirmation was started to 208 

get achieved sooner i.e. within 30 seconds. Thus, in this technique optimization of CRISPR-based 209 

detection assay was achieved (Fig. 7) [28]. 210 

 211 

 212 
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2.3. CRISPR-Cas12b-mediated DNA detection (CASdetec): 213 

CASdetec technique evolved by combining sample treatment protocol with amplification methods and 214 

detection of viral nucleic acid by CDetection, which is Cas12b enzyme based. For extraction of viral 215 

genome two methods were tested i.e. 1) virus genome extraction kits (spin column) and 2) lysis buffer. 216 

Out of which spin column method provide lower detection limit of 10 copies/µL of viral genome but 217 

lysis buffer offers convenience at point-of-care testing (POCT). It was observed that 3-fold increase in 218 

sgRNA concentration enhances the rate of reaction along with improved fluorescence signal and less 219 

background noise by increasing molecular collision between CRISPR and target sequence. For further 220 

increment in fluorescence signal incorporation of poly-T fluorescence-quenchers were used. More 221 

specifically 7 nucleotide length poly-T reporter was utilized which provided highest signal in shortest 222 

time along with sgRNA around RdRp locus. Considering the average viral load representing less than 223 

1 to about 1000 copies per microliter of RNA efficient amplification method is needed. Recombinase-224 

aided amplification (RAA) was used to amplify the substrate 1010 times (from aM to 10 nM) within 10-225 

30 minutes at constant temperature between 37°C to 42°C. It is better to perform amplification RT-226 

RAA and CDetection of viral nucleic acid in single tube, to prevent aerosol contamination chances 227 

which is possible when that sample is exposed to environment during testing steps. But when both 228 

reactions conducted in single tube it drastically reduces the sensitivity. To overcome this issue, Guo et 229 

al. executed RT-RAA reaction within the tube and CDetection reagents were kept in the lid of the tube 230 

[24]. Then after amplification the reagents present in lid were spun down into the tube for detection. 231 

Single tube operations solved the problem of false positive results due to contamination during 232 

transfer and exposure to environment aerosols. To make detection more convenient for POCT, they 233 

designed portable dark box fitted with blue LED. Blue LED exposure generates visual confirmation of 234 

positive samples in single tube itself (Fig. 8). Report suggest detection limit as low as 10 copies/µL 235 

without cross contamination [24]. 236 

  237 

2.4. CRISPR-Cas9 enzyme based detection technique:  238 

Cas9 enzyme is one of the ubiquitously used enzyme for genetic editing [31]. Cas9 bind specifically to 239 

a DNA sequence complementary to guide RNA and serves the endonuclease activity at target site. In 240 

case of utilization of this enzyme in CRISPRDx, Azhar et al. reported FnCas9 Editor Linked Uniform 241 

Detection Assay (FELUDA) [25]. Cas9 ortholog from Francisella novicida named as FnCas9 used in this 242 

assay as it shows high mismatch sensitivity. FnCas9 do not bind to a sequence which harbor mismatch. 243 

RNA from viral samples amplified by using biotinylated primers using Recombinase Polymerase 244 
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Amplification (RPA) method. RPA provides advantage of conducting this technique at isothermal 245 

conditions which crucial for point-of-care (POC) where sophisticated setup is not available. CRISPR 246 

ribonucleoprotein (RNP) FnCas9 complex labelled with FAM and the biotin labelled amplicons are 247 

utilized for detection by using commercially available paper strips. Test line of strip is populated with 248 

streptavidin. The biotin labeled amplicons specific to SARS-CoV-2 going to bind at test line along with 249 

FAM labelled RNP, subsequently bind to anti-FAM antibody linked gold nanoparticles flow through 250 

applied buffer. In absence of biotin labelled amplicons in the sample, the FAM labelled RNP will not 251 

bind at streptavidin test band line, Anti-Rabbit antibody is coated at control line, where unbound gold 252 

nanoparticle conjugated anti-FAM antibody get bind and shows color band (Fig. 9) [16]. 253 

  254 

3.1 Summary:  255 

Point of care, easy to perform tests are extremely important for diagnosis of COVID-19, as laboratory 256 

facilities may not be accessible in poor countries or even places of greater risk of infection such as 257 

airports, ports, emergency departments etc. Instrument free, field deployable test kits with higher 258 

accuracy and specificity would be ideal for containment of such disease. CRISPR based diagnosis tools 259 

promises such accuracy and much shorter turnaround time vis-à-vis other nucleic acid-based methods. 260 

While sherlock provides a quick diagnostic with the help of CRISPR-Cas13a based reporter targeting 261 

and recently got approval from CDC USA, other modified version of sherlock such as HUDSON or 262 

Sherlock 2.0 aids in simpler RNA extraction / extraction from body fluid directly and higher signal 263 

detection respectively. Mammoth bioscience’s DETECTOR technique exploits genome editing 264 

capability of Cas12a and its simultaneous single stranded DNA targeting while activated. Dual AIDO 265 

CRISPR system further simplifies Cas12a based detection by offering single tube reaction and 266 

fluorescence based detection without use of strips. Similarly, CRISPR ENHANCE improves Cas12a 267 

based detection even in a femtomolar range of viral nucleic acid by modifying/improving crRNA and 268 

other parameters. CDetection platform of Guo et al. exploits editing capability of Cas12b (C2C1) and 269 

provides another option for using class-2-V CRISPR system [24]. So far only one report is there for the 270 

most popular DNA targeting Class 2, CRISPR Nuclease Cas9, which is FELUDA technology based on 271 

dead Fn Cas9 and detects cDNA of viral origin by enzymatic readout, without editing any separate 272 

reporter molecule. Fig. 10. shows a comparative analysis of workflow of different CRISPR based 273 

systems and total time needed to perform the tests. We believe that with this continuing effort of 274 

developing diverse testing methods using CRISPR system further advances the faster COVID-19 275 

detection at the point of care. 276 
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3.2 Discussion: 277 

Current methods like nucleic acid-based diagnostic requires expensive and sophisticated machinery. 278 

Sample processing should be minimum and less time consuming considering the situations like 279 

pandemic outbreak of virus. Antigen based testing process satisfy the above requisites, but it also 280 

brings limitations like less sensitivity and selectivity [30]. In situations like sudden outbreak of SARS-281 

CoV-2, rapid and portable tests which requires minimum sophistication and low cost are the most 282 

important and first armor of defense in healthcare system. Recent advancements in CRISPR created 283 

new domain of CRISPR diagnostics. Cas9 of type II CRISPR system is most explored protein and due to 284 

its high specificity towards target sequence, Cas9 has potential to be used for development of new 285 

nucleic acid detection methods. There are several reports about detection methods based on typical 286 

double-stranded DNA (dsDNA) cleavage activity of Cas9 for example detection of Zika viruses. Further 287 

catalytically deactivated Cas9 (dCas9), has been explored for its potential applicability in nucleic acid 288 

detection methods for diagnostic purposes [32]. However, in recent years CRISPR/Cas proteins with 289 

collateral cleavage activity made remarkable advancements in CRISPR diagnostics. Initial advancement 290 

revealed Cas13a of type III CRISPR based SHERLOCK system demonstrated promising results with its 291 

collateral cleavage activity for single-stranded RNA (ssRNA) [26]. Further advancements explored 292 

Cas12a (DETECTR, AIOD CRISPR, ENHANCE) and Cas12b (CAS Detec) with its collateral cleavage activity 293 

for single-stranded DNA (ssDNA) [7, 24, 27, 28]. CRISPR diagnostic represented attomolar sensitivity 294 

based on amplification of collateral cleavage activity. These methods also show remarkable specificity 295 

for single base and reduction in total assay time. Further all these methods could be amenable for 296 

detection of various viruses by simple changes in target sequences complement. 297 

 298 

All these methods are compatible to be leveraged as a point of care diagnostics based on strip and 299 

lateral flow based detections. The rapidly spreading pandemic generated requirement of expansion 300 

of current capabilities by using applicability of sensors and readout devices. Advancement of 301 

SHERLOCK denoted as SHERLOCKv2 has been developed for demonstrating multiplexed detection of 302 

target sequences at attomolar concentration in a single reaction [22]. Four channel multiplexing of 303 

SHERLOCKv2 involves LwaCas13a, PsmCas13b, CcaCas13b, and AsCas12a in FAM, TEX, Cy5, and HEX 304 

channels, respectively which specifically targets orthogonal dinucleotide motifs with specific 305 

fluorescence reporters [3]. Ackerman et al. developed Combinaterial Arrayed Reactions for 306 

Multiplexed Evaluation of Nucleic Acids (CARMEN) [33]. CARMEN leverages miniaturized and self-307 

organizing microfluidic technology for massive multiplexing. CARMEN involves collection of inputs as 308 

droplet emulsions and arrangement of droplets in respective wells. Prior to introduction of microarray 309 
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chip the amplified sample combined with  Cas13 detection mix (solution based fluorescent color code) 310 

in microtiter plate. Emulsified solution makes fluorous oil to yield 1-nl droplets which is further loaded 311 

into a microwell-array chip. These droplets each containing sample and detection solution get 312 

arranged pairwise in chip. Under exposure of an electric field both droplets get merged, which initiates 313 

detection reaction. Further implication of computation power of machine learning and image analysis 314 

approach improved the analysis with improved accuracy and sensitivity [4]. Current pandemic and 315 

future outbreaks generated desperate need for development of new diagnostic approaches. CRISPR 316 

diagnostic opened a future avenue for development of low cost, rapid, sensitive, accurate and suitable 317 

point of care diagnostics. Future tests will leverage the computational power for better diagnostics. 318 
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Tables 427 

Table-1 Different non CRISPR detection used for COVID-19 testing 428 

SN Test Description References 

1 
Serological 

immunoassays 

1) Rapid diagnostic test (RDT) (detection in 10 to 30 min) 

2) Enzyme linked immunosorbent assay (ELISA) 

(detection in 1 to 5 hrs) 

3) Neutralization assay (detection in 3 to 5 days). 

[8,12] 

2 Real time RT-PCR 
Real time RT-PCR detection is more sensitive and 

advantageous over reverse transcriptase (RT-PCR) 

[13,14] 

3 
Super high-speed 

qRT-PCR (SHRT-PCR) 

Special rotating disk used for rotating samples to 

different set temperatures specific to each step of PCR, 

reducing the time required for temperature ramp up and 

ramp down time 

[15] 

4 
TaqMan-based RT-

PCR 
TaqMan probes improve the sensitivity of assays 

[13,16] 

5 
Dual TaqMan probe 

based RT-PCR 

2 probes specific for different sequences used for 

reducing the detection time with ultra-sensitivity 

[17] 

6 Multiplex RT-PCR 

Four mismatch-tolerant molecular beacons targeting 

four gene used for detection to overcome the issue of 

rapid mutation in sequences 

[13,18] 

7 RT-LAMP 

Reverse transcription followed by as loop-mediated 

isothermal amplification. Abolishes the need of 

sophisticated instruments like thermal cycler as reaction 

is possible at single temperature by using water bath. 

[10,19] 

8 RT-RPA 

Reverse transcription followed by Recombinase 

polymerase amplification (RPA) which is also an 

isothermal amplification 

[11] 

9 
Microarray based 

detection 

Complementary probes coated on wells of plate utilized 

for detection 

[20] 

 429 

  430 
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Table-2. Different techniques and subsequent SARS-CoV-2 virus gene targets. 431 

SN Test sgRNA designing target sequence** Cas Reference 

1 qRT-PCR SARS-CoV-2 N gene, RdRP gene, & E gene NA* [9] 

2 SHERLOCK SARS-CoV-2 S gene & Orf1ab gene Cas13a [26] 

3 DETECTR SARS-CoV-2 N gene & E gene Cas12a [7] 

4 AIOD-CRISPR SARS-CoV-2 N gene Cas12a [27] 

5 ENHANCE SARS-CoV-2 N gene Cas12a [28] 

6 CASdetec SARS-CoV-2 RdRp gene Cas12b [24] 

7 FELUDA SARS-CoV-2 NSP8 and N gene Cas9 [25] 

*NA: Not applicable, **N gene: nucleocapsid protein, S gene: spike protein, Orf1ab gene: replicase 432 

polyprotein, E gene: envelope protein, RdRp: RNA dependent RNA polymerase, NSP8: non-structural 433 

protein 8. 434 
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