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Abstract

The CRISPR-based diagnostics capitalizes on the collateral activity of Cas12 and Cas13 to detect nucleic
acids specific to the diagnostic target at high speed. Detectors like DETECTR and SHERLOCK have been
deployed during the SARS CoV-2 pandemic, and have given rise to amplification free, multiplexed, and
paper based formats. The current study describes an experimental pipeline to design and validate a
CRISPR Cas diagnostic of an RNA virus model based on simulated clinical samples. It compares
isothermal amplification of a single pot of RT RPA/RT LAMP with CRISPR readout amplification to
amplification free Cas13 detection. Optimized one pot workflows can detect limits similar to RT gPCR
within less than 40 minutes, and amplification free Cas13 assays can detect amounts of approximately 102
copies/pl of multiplexed crRNAs and improve signal capture to a level suitable to screening applications.
Issues such as sample preparation, reagent stability, multiplexing, and regulatory obstacles are addressed,
and approaches to point of care implementation discussed. The results reveal the future potential of
CRISPR diagnostics to be used in rapid epidemic response and indicate future development of non-nucleic
acid targets using aptamer based modules.

Keywords: CRISPR diagnostics; Cas12; Point of care; Isothermal amplification; Amplification free
detection; Lateral flow; SARS-COV-2.

Introduction

Several shortcomings that were evident during the COVID-19 pandemic led to the emergence of the
necessity of speed, precision, and decentralization of diagnostics. Casl2/Casl3 activates such
trans/collateral cleavage properties have been re-purposed as nucleic acid detection system because, upon
binding the target sequence, the activity has been found to increase and enhance signalling in some cases,
various CRISPR-Cas systems, originally adaptive immune systems in prokaryotes, have been re-purposed
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as nucleic acid detection systems. Initial proofs changed Cas12/Cas13 to identify SARS-CoV-2 in clinical
samples within the short term (less than 40 min) and lateral-flow readouts (DETECTR,
SHERLOCK/SHINE), and it appeared to be probable to implement POC diagnostics (Broughton et al.,
2020; Joung et al., 2020). Later efforts enhanced one-pot reactions, optical/mobile detector that operated
without amplification, and multiplexing (de Puig et al., 2021; Patchsung et al., 2020). Non-notable
obstacles to broad POC usage Compared to other technologies, however, do exist: sample processing
(distilled workflows), stability of reagents at ambient temperatures, non-amplification-based sensitivity
and regulatory certification. The goals of the study include devising a pipeline to CRISPR-diagnose an
RNA virus target, conducting an experimental evaluation of one-pot isothermal CRISPR stunt of
amplification-free Cas13 stunt and evaluating POC-readout format and operational limitations (Fozouni
etal., 2021; Li et al., 2022). An RNA virus model (synthetic RNA and simulated clinical samples) should
be determined using a CRISPR based assay workflow within a few hours. Performance comparison (A)
between RT-RPA/RT-LAMP as a protocol with one-pot Cas12/13 and (B) without amplification Cas13
assays with mobile readout. Perform POC deployment evaluation readout formats: POC fluorescence,
POC lateral flow/paper strip, POC mobile-phone imaging (Gootenberg et al., 2017; Chen et al., 2018).

Experimental work

2.1 MATERIALS

Synthetic RNA transcripts (viruses N/E genes), clinical like matrices (viral nasopharyngeal swab pooled
in medium and saliva inoculated with known copies of RNA), reverse transcriptase, RPA/LAMP reagents,
Cas12/Cas13 proteins, crRNAs (2 to 3 copies per target), reporter fluorescent and biotylinated.

2.2 ASSAY DESIGN

Cases were designed using the conserved regions and were tested against specificity by primers and
crRNA. A comparison was made between two workflows:

One pot (A): Isothermal amplification (RT RPA or RT LAMP) with supplementary cleavage by
Cas12/Cas13 in a single reaction (Joung et al., 2020; de Puig et al., 2021).

Amplification free (B): Direct Casl3 based detection using multiple crRNAs and minimal sample
processing (Fozouni et al., 2021).

2.3 PERFORMANCE TESTING

Serial dilutions of synthetic RNA (10°¢ to 1 copy /uL in clinical like matrices) were used to determine
analytical sensitivity at the lowest concentration giving 95% positive results, called LOD. The test against
specificity involved related viruses and human background RNA (Patchsung et al., 2020; Ramachandran
etal., 2021).

2.4 CLINICAL VALIDATION

The 80 blinded simulated samples (40 positive, 40 negative) were tested and the result was compared with
RT gPCR (Patchsung et al., 2020; Ackerman et al., 2020).

2.5 READOUTS

Time to result Fluorescence (plate or portable reader), lateral flow strips (Broughton et al., 2020), and
smartphone imaging (Fozouni et al., 2021) were assessed with regard to time to result and ease of
interpretation (Ackerman et al., 2020; Myhrvold et al., 2018).

2.6 STABILITY
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It was found that Lyophilized reagents stored at 4°C and 25°C over a maximum of 28 days (Myhrvold et
al., 2018).

2.7 STATISTICAL ANALYSIS

The experiments were conducted three times or above. The calculations were made on the sensitivity,
specificity, predictive values, and 95% confidence intervals. Relative oscillating curves and arbitrary
utmost control were created; less than 0.05 relative significance was contemplated (Myhrvold et al., 2018;
Waltz, 2020).

Results and discussion
3.1 ANALYTICAL SENSITIVITY
The three types of assay format analytical sensitivities were determined by the use of serial dilutions of
artificial viral RNA. As illustrated in Table 1, the one pot RT RPA + Cas12 assay had a limit of detection
(LOD) of about 100 copies/uL and the mean fluorescence values became progressively lower with
increase in the concentration of the target. Figure 1 shows the fluorescence as a variable quantity in relation
to the number of copies of viral RNA in this test. Table 3 presents a summary of the RT LAMP + Cas12b
assay that had better sensitivity and faster kinetics. On the contrary, amplification free Casl3 assay
achieved an LOD of approximately 200 copies/pL (Table 2), which provided less workflow complexity
(Fozouni et al., 2021; Piepenburg et al., 2006). Figure 1 depicts the comparative performance when all the
three methods are used.
Table 1: Analytical sensitivity of one-pot RT-RPA + Cas12 assay

RNA copies/uL  Mean Fluorescence (a.u.) SD  Positive Rate (n=8)

105 14500 +620 8/8
104 13200 +580 8/8
108 9800 +510 8/8
102 4200 +390 7/8
50 2600 +340 6/8
10 1400 +280 4/8
0 (NTC) 380 +95  0/8
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FIGURE 1. Analytical Sensitivity Assessment of One-Pot CRISPR Assays: Fluorescence Intensity as a
Function of Viral RNA Copy Number

Table 2: Analytical sensitivity of amplification-free Cas13 assay

RNA copies/uL Mean Fluorescence SD  Positive Rate

10° 15200 +710 8/8
103 10500 1650 8/8
102 5100 +420 7/8
50 3000 +390 6/8
10 1600 +310 3/8
0 410 +110 0/8

Table 3: Analytical sensitivity of one-pot RT-LAMP + Cas12b assay

RNA copies/uL Mean Fluorescence SD  Positive Rate

105 8900 +540 8/8
10* 7200 +480 8/8
103 3900 +350 7/8
102 1850 +290 6/8
50 1200 +260 4/8
10 780 +210 2/8
0 350 90 0/8

3.2 CLINICAL-LIKE VALIDATION (BLINDED, n =120)
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When compared to a simulated clinical panel that was blinded, RT RPA+Cas12 has a sensitivity of 93.3%
(95% CI 84.5 to 97.7) and specificity of 98.3% (91.1 to 99.9). The amplification free Cas13 assay Yielded
a sensitivity of 83.3% (72.0-91.0%) and specificity of 98.3% (91.1-99.9%). ROC (Figure 2) showed that
RT RPA+Casl12, RT LAMP+Cas12b, and amplification free Cas13 had 0.96, 0.94, and 0.89 under the
curve (AUC) respectively (Patchsung et al., 2020; Fozouni et al., 2021; Notomi et al., 2000).

Table 4: ROC AUC values for CRISPR-based diagnostic methods

Method AUC
RT-RPA + Casl2 0.96
RT-LAMP + Casl2b 0.94

Amplification-free Cas13 0.89
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FIGURE 2. Comparative ROC Analysis of RT-RPA-Casl2, RT-LAMP-Cas12b, and Amplification-
Free Cas13 Assays

3.3 SPECIFICITY

Both forms of CRISPR were highly specific and had no false positives against homologous viral sequences
or human RNA in negative clinical matrices (Broughton et al., 2020; Joung et al., 2020; Myhrvold et al.,
2018).

3.4 STABILITY

Reagent stability was assessed and showed that the lyophilated formulations had maintained 84% activity
over a period of 28 days at 25°C, as compared to 35% with the liquid formulations (p < 0.01 after Day
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14). The stability profiling is shown in Table 5 and Figure 3, which reveals cold chain independent
distribution (Notomi et al., 2000; Joung et al., 2020).

Table 5: Stability of lyophilized vs. liquid CRISPR reagents at 25°C

Day Lyophilized Liquid

0 100% 100%
7 95% 82%
14 91% 65%
21 8% 48%
28 84% 35%

100 —&— Lyophilized formulation

Liquid formulation
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FIGURE 3. Stability Profiling of Lyophilized Versus Liquid CRISPR Reagents During Storage at 25°C

3.5 OVERALL PERFORMANCE COMPARISON

A review of major key performance measurements in the three approaches is listed in Table 6, and a
comparative analysis of amplification assisted and amplification free strategies is presented in Figure 4.
The one pot assays had a LOD of 10-100 copies/pL with a time to result range of 25-40 minutes, and
equal or a shorter readout time when utilized with mobile fluorescence detection, when the amplification
free Cas13 amplification was used (Notomi et al., 2000; Joung et al., 2020; Kellner et al., 2019; Wang et
al., 2022).

Table 6: Performance comparison of amplification-assisted and amplification-free CRISPR detection
strategies
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Method LOD Time-to- Readout Agreement vs RT-
(copies/pL) result gPCR (PPA/NPA)
(min)
RT-RPA + Casl2 (one- 10-100 30-40 Fluorescence  / 95% /99%
pot) lateral flow
RT-LAMP + Casl2b 10-100 25-35 Fluorescence  / 93%/98%
(one-pot) lateral flow
Amplification-free ~100 20-30 Mobile 85% / 99%
Casl3 + mobile reader (read) fluorescence
200 +
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FIGURE 4. Performance Comparison of Amplification-Assisted and Amplification-Free CRISPR
Detection Strategies

CRISPR diagnostics involves union of programmability and high sequence specificity with versatile
readouts (Gootenberg et al., 2017; Chen et al., 2018; Kellner et al., 2019). The pandemic stimulated
translation: DETECTR (Cas12) and SHERLOCK/SHINE (Cas13) gave demonstrations of POC-amenable
assays in time (Broughton et al., 2020; Joung et al., 2020), amplification-free methods (Fozouni et al.,
2021) demonstrated that sensitive direct detection can be done with high-quality optics and crRNA
multiplexing (Fozouni et al., 2021; Ackerman et al., 2020; Piepenburg et al., 2006; Wang et al., 2022).
These trade-offs are obvious, isothermal amplification is simpler (reaching low tens of copies), and more
convenient, but demands more complex and hazardous amplification, whereas amplification-free
approaches are less complex and demand more sensitive optical detection, or partitioning, to achieve low
LODs (Fozouni et al., 2021; Piepenburg et al., 2006; Landry & Criscuolo, 2020). Field deployment
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depends on the ability to multiplex, stabilize reagents (lyophilization, enhanced buffers), and simplified
pre-processing of samples (there are two methods: heat/chemical inactivation and extraction-free) (Arizti-
Sanz et al., 2020; Myhrvold et al., 2018; Smith et al., 2020). Hurdles of regulatory and manufacturing
scale-up are still present (Notomi et al., 2000; Kaminski et al., 2021) before the routine use, the clinical
validation must be made in comparison with RT-gPCR and inter-laboratory reproducibility of the results
should be made (Patchsung et al., 2020; Kaminski et al., 2021). These developments are also summarized
by recent reviews, and they put forward ways of commercialization and home/POC testing (Li et al., 2022;
van Dongen et al., 2020).

Conclusion

CRISPR-based diagnostics cover a versatile and potent platform of quick detecting infectious disease.
Isothermal amplification using a one-pot with Cas12/Cas13 has the greatest sensitivity, and time-to-result
is very short and suitable to most POC applications; amplification-free Cas13 assays have the potential to
provide instrument-light screening and a further increase in sensitivity. The effort needed to achieve
widespread deployment primarily revolves around stabilizing reagents, extract-free work-flows,
multiplexing, easy-to-read-out read-ends and strict clinical-toxicity-testing. CRISPR diagnostics is poised
to complement traditional lab tests, and is particularly applicable in case of an outbreak or resources are
constrained.
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