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COVID-19 research: SARS-CoV-2 variants

Achievements, lessons learned and next steps 
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Understanding the phenotypes of the 

successive variants of SARS-CoV-2

A huge amount of viral sequencing data has been generated during this COVID 

pandemic.

Some virus variants have emerged with phenotypes that have enabled them to spread 

across the world.

To help what to expect in the future we need to understand what underlies the 

phenotypes of the successful variants.
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Successive variants of SARS-C0V-2

United Kingdom

Wuhan like virus D614G Alpha Delta               Omicron
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Early variants had increased transmissibility

Higher or longer virus 
shedding

Different disease 
or tropism Better survival in environment

Evasion of innate immune response

Evasion of acquired immune response
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Genetic determinants of increased transmissibility

• Increased exposure of receptor binding 
domain: 

Spike D614G

• Increased affinity for ACE2:

Spike N501Y
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Mutations in variants outside Spike gene also 

impact the virus

Mutations in N gene that affect innate immune control and virion assembly have arisen

We understand very little of the impact of mutations that have arisen elsewhere in the 

genome
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Omicron carries an unprecedented number of 

mutations in Spike

This raises concerns for the effectiveness of vaccines that use Spike 

based on the first wave virus
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Omicron is less well neutralized by antibodies 

raised to the vaccine

Antibody titres are restored after a 3rd dose boost

Vaccine remains effective against severe disease
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Post 3rd dose
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Week 20

UK-HSA technical briefing 34

Bailey et al. Pirbright Institute , with UK-HSA consensus study
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Omicron infection is associated with milder 

disease

Halfmann et al Nature 2022

Omicron

D614G
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Research gaps: questions for the future  

• Are antigenic distance and milder disease separable phenotypes ?

• How will heterogeneous immunity across the world impact future evolution?

• Will future variants co-circulate, will they recombine?

• Will the virus reside in animal reservoirs?

• How will we track the growth of the next variants  if there is less testing and 

sequencing?
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Lessons learned   

Rapid responses to emerging variants can be strengthened by working together in 

consortia

Collaborations between academics and government institutes can enable a strong 

interdisciplinary approach 


