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Seropositive: Protection from future infection?

Chandrashekar et al, Science 2020

Days following challenge

Rechallenge

Tillet, Lancet ID, 2020

Re-infection?



Antibodies and CD8+ T-cells to SARS-CoV-2 over time 

Dan et al., Science, 2021



SARS-CoV-2 Vaccine
Spike
Protein

Many concepts: mRNA, DNA, viral 
vectors (ad5, ad26, VSV, ChAd…..), 
inactivated/attenuated virus,  protein 
subunit ….

40+ vaccine candidates in clinical testing, 150+ in preclinical stages

https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines





Operation Warp Speed

• Public-private partnership (lead by HHS and DoD; Moncef Slaoui and Gen. G. Perna)

• Goal of delivering 300 million doses of a safe, effective vaccine by January 2021

• Currently 8 companies selected: Moderna, AstraZeneca-University of Oxford, 
Janssen Pharmaceutical (J&J), Pfizer-BioNTech, Merck, Vaxart, Inovio, and Novavax

• COVID prevention network (CoVPN) is coordinating studies

• FDA: vaccines must be at least 50 percent effective to be approved (across age groups)

• Other large trials operated by WHO, CEPI, or the EU
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COVID-19: 

Spike-sequence published in Jan 2020 -> First phase 1 studies in spring 2020 -> Moderna phase 3 in July 
2020 -> First vaccination with Pfizer/BioNtech on 8 December 2020 in UK -> EUA for Pfizer/BioNtech
vaccine in US on 12/11/2020
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12/2020

Requires 
phase 2b



Mechanism: mRNA vaccines



Moderna: mRNA-1273

KS Corbett et al. N Engl J Med 2020; LA Jackson et al. N Engl J Med 2020

Macaques



Moderna: mRNA-1273

Baden et al, NEJM 2020



Pfizer/BioNTech: BNT162b2 (RNA) 

Walsh et al, NEJM 2020

18 - 55 years 65 - 85 years



Pfizer/BioNTech: BNT162b2 (RNA) 

Ploack et al, NEJM 2020



Just a quick reminder: HVTN 702



Mechanism: vectors to deliver immunogen





AstraZeneca: ChAdOx1 nCoV-19 

Doremalen, Nature 2020; Folegatti, Lancet 2020 Days post inoculation

Nasal swabs (gRNA)

BAL fluid (gRNA)

Days post inoculation

Macaques

Phase 3: ongoing



AstraZeneca: ChAdOx1 nCoV-19 

Voysey et al, Lancet 2021 

VE = 64·2% (30·7 to 81·5) VE = 60·3% (28·0 to 78·2) VE = 90·0% (67·4 to 97·0) 

Combined VE = 70·4% (54·8 to 80·6) 



Janssen (J&J): Ad26.COV2.S 

Mercado, Nature 2020

Days following challenge

BAL fluid

Nasal swab

Macaques

Days following challenge

CD8 T-cells CD4 T-cells

Stoffels, 2020



VAC31518COV3001: A Randomized, Double-blind, Placebo-controlled Phase 3 Study
to Assess the Efficacy and Safety of Ad26.COV2.S for the Prevention of SARS-CoV-2-
mediated COVID-19 in Adults Aged 18 Years and Older

VAC31518COV3009: A Study of Ad26.COV2.S for the Prevention of SARS-CoV-2-
mediated COVID-19 in Adults

Janssen (J&J): Ad26.COV2.S 

Efficacy data expected end of January



Mechanism: protein/subunit vaccines

Jiskot et al, Pharmaceutical Biotechnology, 2019

https://link.springer.com/book/10.1007/978-3-030-00710-2




Novavax: NVX-CoV2373 Ad/CMV/hACE2 transduced mice 
challenged with SARS-CoV-2 

Keech NEJM 2020 Tian bioRxiv 2020

Phase 3 now enrolling



Sanofi/GSK: S-protein + AS03

•Phase 1/2 interim results showed an immune response 
comparable to patients who recovered from COVID-19 in 
adults aged 18 to 49 years

•Insufficient response in older adults demonstrates the 
need to refine the concentration of antigen in order to 
provide high-level immune response across all age groups

•Companies plan a Phase 2b study with an improved 
antigen formulation in Q1/2021

GSK press release 12/11/2020



How do some vaccines compare

WHO/Companies/BBC



Consequences of novel viral variants

Korber et al, Cell, 2020; COVID-19 Genomics Consortium UK; Tegally et al, medrxiv, 2020 

D614G mutation in the spike glycoprotein B.1.1.7 lineage (UK)

501Y.V2. (RSA)

N501Y



Xie et al, biorxiv, 2021

Equivalent  neutralizing titers to the N501 and 
Y501 viruses in BNT162b2 recipients 



Vaccine acceptance
• Survey (in summer 2020) in 19 countries that have 

55% of the world population.

• 71.5% reported that they would be very or 
somewhat likely to take a COVID-19 vaccine.

• Rates ranged from almost 90% (in China) to less 
than 55% (in Russia)

• Acceptance in the US was ~75%

Lazarus, Nat Med, 2020



Inequality

Wealthy countries representing 14 per cent of the world’s population have bought up 
53 per cent of all the most promising vaccines so far

70 resource limited countries might only be able to vaccinate one in 10 people against 
COVID-19 in 2021

Efforts to fund and provide vaccine through COVAX, Co-led by Gavi, the Coalition for 
Epidemic Preparedness Innovations (CEPI) and WHO

Oxfam



Questions to be answered
• Level of vaccine efficacy (VE) (studies are only testing prevention in COVID-

19; not prevention of SARS-CoV-2 infection)

• Durability of the different vaccine concepts? In diff. age groups? 

• Effects of viral mutations on VE?

• Community acceptance? 

• Effects of EUA on ongoing/future trials?


