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Infection-induced 
immunity

Vaccine-induced 
immunity

+ all other nonstructural proteins
likely some intra-host sequence diversity

potentially longer presence of antigen

systemic immunity
mucosal immunity

one consensus spike

systemic immunity

*except inactivated 
vaccines



Antibody based 
immunity

• Antibodies neutralize SARS-
CoV-2

• Antibodies may protect 
through Fc-dependent 
effector functions

• mAb prophylactics and 
therapeutics work!

McMahan et al., Nature 2021

NHP are protected from challenge by passive transfer 
of antibody in a dose dependent manner



From a ‘global’ perspective, antibody levels 
correlate with vaccine efficacy

Khoury et al., Nat Med, 2021
Earle et al., Vaccine, 2021



Antibodies do seem to be a correlate of 
protection at an individual level as well

https://www.medrxiv.org/content/10.1101/2021.08.09.21261290v1.full.pdf



T cell based immunity

McMahan et al., Nature 2021

Depletion of CD8 T-cells in NHPs with low antibody 
titers facilitates breakthrough infections

• Vaccination induces strong 
CD4+ and somewhat lower 
CD8+ T-cell responses with 
most currently used vaccines



T cell based immunity

https://www.biorxiv.org/content/10.1101/2021.04.21.440862v1.full.pdf

CD4+ and CD8+ T-cell responses in naive and recovered indiviuals post mRNA vaccination



Mucosal 
immunity

Krammer, Nature, 2020



Mucosal 
immunity

Spike IgG in saliva

Gommerman lab 
https://www.medrxiv.org/content/1
0.1101/2021.08.01.21261297v1.full.
pdf

Krammer, Nature, 2020



Mucosal immunity



Persistence of immune responses

NIAID PARIS New York cohort

Moderna/Pfizer vaccinated

Provided by Dr. Viviana Simon



Factors that may negatively impact on 
protection from variants
• Partial escape from neutralizing antibodies

• Through mutation that decrease antibody affinity for spike
• Through mutations that increase affinity of spike for ACE2
• Through mutations that increase/alter fusogenicity

• Partial escape from T-cell responses

• Higher replication capacity

• Shorter incubation time

• Exposure to higher viral loads

• Waning of IgG on mucosal surfaces (protection from infection)

• Waning of immune responses in general (protection from illness)



(Many) remaining questions

• What is the absolute correlate of protection for antibody responses (how high 
does the titer need to be) for protection from
• Infection
• Illness
• Severe illness

• What is the role of the anamnestic response (T-cells, memory B-cells) and to 
which degree is that role influenced by shorter incubation times (e.g. for 
B.1.617.2/Delta)

• What is the contribution of vaccine induced CD4+ and CD8+ T-cells in protection 
from
• Infection
• Illness
• Severe Illness

• How much difference in these mechanisms is there between vaccines and 
vaccine platforms?
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