
THE COVID-19 PANDEMIC: WARP 
SPEED SCIENCE TO FIND A CURE 

2nd July 2020 Webinar.

Lawrence S. Young

1



2



• SARS-CoV-2 infection, replication, evolution and variation.

• Pathogenesis of COVID-19, immune responses and the cytokine storm.

• Repurposed drugs for COVID-19 therapy.

• Towards effective vaccines: what might work and why?

COVID-19 Topics to Cover



Coronaviridae
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Coronaviruses (subfamily orthocoronavirinae)

Positive single-stranded RNA virus

Described in 1968 by June Alemeida and David Tyrell 



Timelines of the SARS-CoV-2 outbreak
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Dec 8th First case of mysterious pneumonia associated with Wuhan 
wet market

Jan 1st Wet market closed
Jan 8th First official announcement by Chinese state
Jan 11th First death announced in China. Genome sequence
Jan 20th China reports cases outside Hubei province – Beijing, Shanghai, 

Shenzhen. 
Jan 23rd Sequence said to be identical to that of bat coronavirus and

similar to pangolin
Jan 27th Evidence that 2019-nCoronavirus was present in samples from 

Wuhan wet market
Jan 30th WHO declare a global emergency
Jan 31st First two cases in UK.
Feb 9th Death toll in China is 811 with 37,198 infections
Feb 11th WHO calls disease COVID-19 and virus SARS-CoV-2
Feb 23rd Italy confirms 3 deaths from COVID-19
Feb 26th Cases confirmed across Europe, Brazil, Middle East, Pakistan.
Feb 29th 23 cases in UK and US reports first death.
March 8th US reports more than 500 cases and state of emergency in 8 states.
March 11th WHO declares the coronavirus outbreak a pandemic
March 23rd UK PM announces lockdown, around 422 deaths in UK. 
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Furin cleavage site between 
S1 and S2 – role in virus infectivity
and host range

Acquisition in HA of avian 
Influenza increases pathogenicity

Not present in betacoronaviruses

Not present in betacoronaviruses

Mucin-like domain that shields epitopes or
key residues on the spike protein.

Immunoevasion

Evolution of SARS-CoV-2

Natural selection in: (i) an animal host before zoonotic transfer or (ii) in humans following zoonotic transfer



Virus genome sequencing identifies geographically segregated haplotypes

10Gudbjartsson et al. 20201x10-3/site/year = 1 mutation every 1-10 transmissions



SARS-CoV-2 importation and establishment of UK transmission lineages
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Pybus et al, 2020 Over 1000 separate introductions into the UK from Europe
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G614 is a founder mutation for European viruses



D614 and G614 spike strains have the same pathogenicity but G614 has higher transmissibility 

Korber et al (2020) https://www.biorxiv.org/content/10.1101/2020.04.29.069054v2 13

G614 is more stable than D614 – consistent with 
epidemiological data suggesting that viruses with G614
transmit more efficiently.

Zhang et al., 2020. Preprint
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Virulence depends on a combination of viral and host factors:

• Virus factors

dose

route of infection

isolates - genetically determined

• Host factors

age, sex, nutritional status

co-morbidities

immune status

genetics

Virus Virulence: Capacity to Cause Disease
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• Onset with high fever and sore throat, developing dry cough
• 4 – 10 days post-infection

• Other symptoms including GI, loss of taste/smell
• Recovery after a few days (? with longer term issues remaining)
• Can progress to lower respiratory tract disease and viral pneumonia
• Low blood and tissue O2, increased coagulation, as causes of 

multiple organ failure, also stroke risk
• Reduction in circulating lymphocytes associated with severe disease

• Can be asymptomatic

COVID-19 characteristics
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Possible explanations for severe/fatal outcome 
in certain groups

• Excess risk in some BAME groups after allowing for other risk 
factors (age, sex, socioeconomic etc)

• ONS report 7 May into COVID-19 mortality and ethnicity

• Rare severe disease in young people with no known risk factors

• Genomics England mass sequencing study announced 13 May
• Compare 20,000 infected in/were in ICU with 15,000 mild/mod symptom 

individuals

• Role of the immune response – innate and adaptive?
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Beigel et al., NEJM 
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• Unprecedented pace of science – 6 months!

• SARS-CoV-2 is highly transmissible – UK epidemic from imported European strains

• A viral genotype that emerged in late Jan 2020 now dominates the pandemic
• It may have better transmission than earlier genotypes

• Its disease profile appears to be unchanged

• Human genotypic variation may play a part in disease severity but still to be demonstrated

• Host immune response being defined - what does a protective immune response look like?

• Repurposing old anti-viral drugs – what about new ones?

• 136 vaccines in development – 10 candidates in clinical evaluation, many using unproven 
technology platforms.

Summary

VIROLOGY – lack of investment in research over 20 years, no large pharma working on antivirals in UK


