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Outline

• Natural history of COVID-19 and opportunities for treatment

• Monoclonal antibodies and direct acting antivirals

• CRISPR Cas 13 as a direct acting antiviral

• Platform technologies for pandemic preparedness



Natural history and treatment of COVID-19

NIH COVID-19 Treatment Guidelines. Clinical management summary. Last updated July 8, 2021. Siddiqi. J Heart Lung Transplant. 2020;39:405.
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Clinical 
Signs/ 

Symptoms

Treatment 
Goals

Lymphopenia, mild 
constitutional symptoms, 
fever >99.6°F, dry cough

Reduce onward 
transmission

Shortness of breath ±
hypoxia, abnormal chest 
imaging, transaminitis, 

low-normal procalcitonin

Reduce progression/ 
hospitalization

ARDS, SIRS/shock, 
cardiac failure; elevated 
inflammatory markers, 

troponin

Reduce morbidity/
mortality

Enhance immunity; use antivirals
Dampen immunopathogenesis, 

coagulation

Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/


Multiple potential roles of antivirals in COVID-19
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Effect of oral antivirals and antibodies on hospitalisation

Gupta NEJM 2021, Weinreich NEJM 2021, merck.com, pfizer.com

Proportion 

Progressed with 

Therapy (%)

Proportion 

Progressed with 

Placebo (%)

Relative Risk 

reduction (%)

Absolute Risk 

reduction (%)

Symptom 

onset

Sotrovimab 1.0 7.0 85 6.0 < 5 days

REGEN-COV 1.3 4.6 71 3.3 < 7 days

Molnupiravir 7.3 14.1 48 6.8 < 5 days

PF-07321332 

/ Ritonavir 

1.0 6.7 85 5.7 < 5 days

• Antivirals and antibodies work in preventing disease progression and hospitalisation in high risk patients 

ie >50 years old or at least one co-morbidity but treatment must be early

• All studies to date performed in unvaccinated participants. Additional benefit in vaccinated will be lower

• Cost remains an issue for use as a public health intervention given the number needed to treat e.g., oral 

antivirals ($700 USD per course) and antibodies ($2,000 USD)



Host targeted therapies can also reduce hospitalisation

Ramakrishnan et al., Lancet Resp Dis 2021; Reis et al., Lancet Global Health 2021



CRISPR Cas13 as a direct acting 

antiviral



Multi-disciplinary research in a pandemic
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Direct acting antivirals: targeting viral RNA

Fareh, Zhao et al Nat Comms 2021



Sequence-specific RNA silencing with Cas13b

Omar O. Abudayyeh, Science 2016

East-Seletsky et al, Nature, 2016 

Liang Liu et al, Cell, 2017

Lui et al, Cell, 2017

Cox et al, Science, 2017

Meeske et al, Nature, 2019

• Cas13 is an RNA-guided RNA-targeting CRISPR effector.

• Single protein with a single gRNA.

• Sequence-specific targeting through basepairing between the gRNA and target.

• High specificity (30-nt Spacer) with ‘ZERO’ off-targeting probability.

• Programmable & multiplexable.



Targeting SARS-CoV-2 structural proteins



Bioinformatic pipeline for design of potent crRNAs

Fareh et al., Nat Comms 2021



Cas13b eliminated SARS-CoV-2 spike RNA in 293 and 
Vero cells

Fareh, Zhao et al., Nature Comms 2021



Cas13b suppresses SARS-CoV-2 replication in Vero / 
Calu-3 cells

Fareh, Zhao et al., Nature Comms 2021

Liposomes containing 

Cas13b & SARS-CoV-2 

targeting crRNAs SARS-CoV-2 (MOI: 0.1 or 0.01)

Viral particles in the supernatant

RT-qPCR

Infectivity assay

(TCID50)
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NSP = Non-Structural Protein; NCP = nucleocapsid protein 
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NCP-1 crRNA suppresses Alpha strain replication in Vero cells

Fareh, Zhao et al., Nature Comms 2021

VERO (B.1.1.7 – Alpha strain, MOI 0.01)
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Cas13b silencing tolerates single-nucleotide mismatch (D614G)

Fareh, Zhao et al., Nature Comms 2021
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Cas13b suppressed replication of both ancestral and D614G 
mutant viruses

Fareh, Zhao et al., Nature Comms 2021

Liposomes containing 

Cas13b & SARS-CoV-2 

targeting gRNAs

SARS-CoV-2: ancestral / D614G

(MOI 0.01)

Viral particles in the supernatant

qPCR

D614 targeting crRNAs
D614 targeting crRNAs D614 targeting crRNAs

D614 targeting crRNAs
D614 targeting crRNAs D614 targeting crRNAs
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Summary

• Reprogrammed Cas13b effectors 

achieved >98% silencing efficiency in 

virus free-models

• crRNA multiplexing suppressed viral 

replication by up to 90% in mammalian 

cells

• Single-nucleotide mismatch with D614G 

did not dramatically reduce the capacity 

of a single crRNA to suppress SARS-

CoV-2 replication

• This rapidly adaptable approach can be 

applied to any novel RNA virus but the 

major challenge being delivery



Targeted delivery of SARS-CoV-2 CRISPR/Cas13

Gillmore et al., NEJM 2021

LNPs can functionalized 

to bind ACE-2 specific 

antibody

Lipid nanoparticle (LNP) 

can efficiently deliver 

CRISPR-Cas mRNA

SARS-CoV-2 CRISPR/Cas13 

SLN-ACE-2 

Can be aerosolised and 

potentially delivered as a spray 



LNPs can be modified and delivered by aerosolisation



Expression of mRNA in LNPs in vitro



Delivery of mRNA-LNP for respiratory infection



Platform technologies for pandemic 

preparedness



Being prepared paid off for vaccines

CEPI = Coalition for Preparedness Innovation. Fund established in 2017 by the Gates Foundation, Wellcome Trust and the Norwegian Government



Molecular platforms for antiviral therapeutics: 
antibodies and gene editing

Virus A

Characterisation

of pathogen

ProteomicsGenomics

AA

Traditional:

Journey to Phase I: 2-5 years
Process is repeated for every new drug candidate

High throughput molecular 

screening and candidate discovery

(3 months – 1 year)

Early development

(1 – 2 years)

Pre-clinical testing

(1 – 2 years)

AA
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Candidate

AA

AA

A
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Candidate modification to 

enhance pharmacokinetics etc.

Testing safety and efficacy in 

cell and animal models

Journey to Phase I: 3-9 months
Streamlined processes already in place for each platform type 

The same platform can be used to develop many candidates

Molecular platform-based:
Adapt existing molecular 

platform to target pathogen

(1-4 weeks)

Early development

(2-6 weeks)

Pre-clinical testing

(2-6 months)

A Candidate
A

A

A

A

A
A

APlatform 

molecule

Target-specific 

component

Baseline understanding of properties of platform molecule 

speeds up early development and clinical testing

A

Later stage 

development and 

clinical testing Commercialisation

Includes Phase I, II 

and III clinical trials; 

scaling up of 

manufacturing



Summary and implications

• Antivirals can play a critically important role in pandemic response, in 

addition to vaccines. For COVID-19, therapeutic advances have been slow 

given disease complexity and existing antiviral drug development approaches

• CRISPR-Cas13 RNA editing has high specificity and potency allowing for 

control of SARS-CoV2 replication in vitro, with limited tolerance for target 

sequence mismatch

• In vivo delivery of CRISPR-Cas therapeutics remains a major challenge but 

advances in mRNA therapeutics including lipid nanoparticles holds promise

• CRISPR-Cas therapeutics are adaptable platform technologies that only 

require the target sequence and therefore an ideal to tool for pandemic 

therapeutics
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