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Coronavirus 

• 7 CoVs can infect human 
- 4 cause common cold 
- 2 cause severe pneumonia 
- SARS-CoV2 cause both 

Nat Rev Microbiol 2020 Oct 28;1-16. doi: 10.1038/s41579-020-00468-6 



 17 years (T memory) 

2-3 years (B memory) 

Memory T cells 
of SARS patient 
cross-react with 
SARS-CoV2 N protein 

Nature 2020; 584:457 

Immunity 2020; 53: 248 



Cell 2020; 181: 1689-1501 



Herd Immunity, Ro and Deaths 

Virus 

H1N1 Influenza 
SARS 
COVID-19 

Ro 

1.4 to 1.6 
2 to 4 
2 to 6 

Immunity 2020; 52: 737-741 



 Clinical disease presentations of COVID-19 

J Immunol 2020 

doi/10.4049/jimmunol.2000526 



ACE2 Expressions 
(transmembrane protease serine 2, TMPRSS2) 

Immunity 2020; 52: 910 



 Type 1 IFN 
 TNF-α, IL-6/1/18 

Immunity 2020; 52: 910 



Lymphopenia 
 

Severity 

Immunity 2020; 52: 910 



Cell 12 November 2020; 183:1 



Cell 25 November 2020: 183:1 



 
 

SARS Antibody and 
Memory B cells are 
short lived (1-2 years) 

Immunity 2020; 52: 910 



  

Longevity of the neutralizing antibody response 

Severe 

Mild 

Post Onset of Symptoms 

Nat Microbiol 2020 Oct 26. doi: 10.1038/s41564-020-00813-8 



    

   

Why COVID-19 humoral immunity so short-lived? 

Loss of Bcl-6-expressing T follicular helper cells 
Cell 2020 and germinal centers 



Genetic basis of severe COVID-19 



TLR7 SOCS1 
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Six COVID-19 Vaccine Platforms 

BCG 

Nature Reviews in Immunology 2020;20:615 



Cell 11 January 2018: 172:176 



 

   

 

  
 

Trained immunity as a 
potential COVID-19 vaccine strategy 

• BCG vaccination endows circulating monocytes 
with characteristics of trained immunity 
through epigenetic and metabolic rewiring of 
myeloid progenitors in the bone marrow 

• These trained monocytes enhance protection 
against heterologous infections, including 
respiratory viral infection 

Nature Reviews in Immunology 2020;20:615 



 

Trained immunity elicited by BCG immunization 

Frontiers in Immunology 2020; 11:970 



 

Protective role of BCG in SARS-CoV-2 infection 

No BCG BCG 

Frontiers in Immunology 2020; 11:970 



 

Approaches to investigate BCG NSEs 

Frontiers in Immunology 2018; 9:2869 



   

Six COVID-19 Vaccine Platforms 

BCG 

Nature Reviews in Immunology 2020;20:615 



 Pre-fusion S protein for COVID-19 vaccine 
Courtesy of Dr. Philippine Buchy 



Courtesy of Dr. Philippine Buchy 



 BNT/Pfizer ChAdOx1 Moderna 

Courtesy of Dr. Philippine Buchy 



  

  

 
   

  
 

COVID vaccine design 

1. Selection of SARS-CoV2 antigens 

• For SARS-CoV, only antibodies directed to 
S protein can neutralize virus 

• All vaccines in development include at least 
a portion of S, such as S1 or RBD 

• Inclusion of other antigens, such as N 
protein and/or other non-structural proteins 
may help create a balanced response 
involving both B and T CMI, (especially the 
highly conserved function proteins may 
target emerging viral strains) 

Nature Review Immunology 2020; 20:633 



 
 

COVID vaccine design 

2. Vaccine platforms 

• 6 platforms 

• Vaccine require 2 components: 
Antigens of SARS-CoV2 

Infection signal (PAMP, DAMP) 
• For non-viral vaccine platform, will need 

adjuvants as infection signal and may need 
multiple doses 

Nature Review Immunology 2020; 20:633 



 

 

 

  
 

COVID vaccine design 
3. Vaccination routes and regimens 

• IM route gives rise to protective IgG and can appear 
at respiratory mucosa, but not effective to induce 
mucosal IgA or lung tissue-resident memory T cells 
(TRM) 

• Inactivated virus, protein subunit and nucleic acid 
vaccines cannot be delivered by respiratory mucosal 
route as they need adjuvants which may be unsafe 
for such route 

• Human serotype 5 adenovirus (Ad5) or chimpanzee 
derived adenovirus (ChAd) safe and effective for 
mucosal route 

Nature Review Immunology 2020; 20:633 



 

Vaccine-associated enhancement of 
respiratory diseases (VAERD) 

• VAERD observed in children received 
whole-inactivated measles & RSV in 
1960’s 

• Antibody-mediated (non-neutralising) 
• T helper 2 biased response 

Science 2020; 368:945 



   

Six COVID-19 Vaccine Platforms 

• High 
neutralising 
antibody titers 

• T helper 1 
response 

Nature Reviews in Immunology 2020;20:615 
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COVID-19 vaccine candidates in clinical trials 

Nature Reviews in Immunology 2020;20:615 



 

  

 
 

Preliminary Phase 3 trials result 
• For both mRNA candidate vaccines from 

BNT/Pfizer & Moderna, 95% & 94.5% efficacy 
after 2 doses 

• For ChAd candidate vaccine from Oxford 
U/AstraZeneca, 62 to 90% efficacy after 2 doses 

• Only short term and summary data known through 
press release 

• These vaccines NEVER used in large scale in human 

• Implementation issues, such as equity cost & storage 

• Durability of B&T cell memory 

• Monitor of rare SAEs 



 

 
 

Intranasal route better to generate 
IgA & Lung resident T cells 

Cell doi.org/10.1016 /j.cell.2020.08.026 



   

Phased implementation of COVID-19 vaccine 

m-RNA 
Viral-vectored 
Inactivated whole virus 

Protein subunit & whole virus 

Nature Reviews in Immunology 2020;20:615 
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