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Simplified Cas13-based assays for the fast
identification of SARS-CoV-2 and its variants
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The widespread transmission and evolution of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) call for rapid
nucleic acid diagnostics that are easy to use outside of centralized clinical laboratories. Here we report the development and
performance benchmarking of Cas13-based nucleic acid assays leveraging lyophilised reagents and fast sample inactivation at
ambient temperature. The assays, which we named SHINEv.2 (for ‘streamlined highlighting of infections to navigate epidem-
ics, version 2'), simplify the previously reported RNA-extraction-free SHINEv.1 technology by eliminating heating steps and the
need for cold storage of the reagents. SHINEv.2 detected SARS-CoV-2 in nasopharyngeal samples with 90.5% sensitivity and
100% specificity (benchmarked against the reverse transcription quantitative polymerase chain reaction) in less than 90 min,
using lateral-flow technology and incubation in a heat block at 37 °C. SHINEv.2 also allows for the visual discrimination of the
Alpha, Beta, Gamma, Delta and Omicron SARS-CoV-2 variants, and can be run without performance losses by using body heat.
Accurate, easy-to-use and equipment-free nucleic acid assays could facilitate wider testing for SARS-CoV-2 and other patho-

gens in point-of-care and at-home settings.

to infectious disease outbreaks. For example, large-scale testing

to track the prevalence and transmission of SARS-CoV-2 has
been essential in managing the ongoing coronavirus disease 2019
(COVID-19) pandemic"?. Ubiquitous and frequent diagnostic test-
ing leads to the rapid identification of new cases and permits the
swift treatment or isolation of infected individuals, thereby prevent-
ing further viral spread’. However, the gold standard for COVID-
19 diagnosis—reverse transcription quantitative polymerase chain
reaction (RT-qPCR)—remains suboptimal for orchestrating this
response. RT-qPCR requires specialized equipment and exper-
tise rarely found outside of centralized laboratories. In addition,
an insufficient testing infrastructure coupled with reagent short-
ages and high testing demand have led to slow sample-to-answer
times (often of several days) for RT-qPCR**. Alternative diagnostic
technologies that enable rapid and decentralized testing are vital to
respond to the current and future pandemics.

Lateral-flow antigen-capture tests and isothermal nucleic acid
diagnostics with visual readouts represent promising alternatives
for SARS-CoV-2 testing outside of centralized laboratories. The
effectiveness of such tests in curbing the spread of SARS-CoV-2

| requentand widespread testing is critical to prevent and respond

has been demonstrated in multiple settings, ranging from nursing
homes to whole countries**. Antigen-capture tests are quick and
user-friendly, but their moderate sensitivity means they can miss
potentially infectious individuals’. Isothermal nucleic acid ampli-
fication methods, such as loop-mediated isothermal amplification
(LAMP), are more sensitive than antigen-capture tests and operate
at a single temperature'®'’. The deployment of LAMP-based tests
has been facilitated by the use of auxiliary devices to eliminate the
need for intensive nucleic acid purification and maintain a stable
temperature during amplification'>. However, these devices are
often too costly for single use and are difficult to manufacture at
the scale required for population-wide distribution, which limits
their utility for frequent and widespread testing'’. Hence, the con-
tinued development and deployment of user-friendly, sensitive and
equipment-free diagnostics are key to enhancing the public health
response to COVID-19.

CRISPR-based diagnostics (CRISPR-Dx) are promising tech-
nologies for SARS-CoV-2 testing with minimal equipment require-
ments. CRISPR-Dx usually combine isothermal nucleic acid
amplification methods (often LAMP or recombinase polymerase
amplification (RPA)) with an RNA-guided CRISPR-Cas nuclease
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