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COVID-19: Global pandemic

Coronavirus World Map: Tracking The Spread Of The Outbreak : Goats and Soda : NPR. 
https://www.npr.org/sections/goatsandsoda/2020/03/30/822491838/coronavirus-world-
map-tracking-the-spread-of-the-outbreak.
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SARS-CoV-2 variants contain numerous spike mutations

Humoral immune responses elicited by natural infection 
and/or vaccination: 

paths to super-immunity?

Nextstrain.org

www.iflscience.com



Cohorts description

BNT162b2/Pfizer vaccinated donorsConvalescent serum donors



Antibody levels (ELISA)

While vaccination induces robust antibody responses, 
natural infection is highly variable

Pfizer VaccineNatural infection

Total Ig Total Ig

Bates et al., Nature Communications, 2021



Neutralization- FRNT50 (live SARS-CoV-2 variants)

VaccineNatural infection

Many COVID-19 patient sera fell below the limit of detection (LOD): WA1, 43%; Alpha (B.1.1.7), 
54%; Beta (B.1.351), 64%

Original (Wuhan- WA1)
Alpha (B.1.1.7)
Beta (B.1.351) 

Bates et al., Nature Communications, 2021



Neutralization against variants of concern (vaccine 
cohort)
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Age-dependent antibody and neutralization responses

NeutralizationAntibody levels

20s vs 70s: ~7x
Bates et al., JAMA, 2021



Sex vs neutralization in vaccine response
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Total Ig

Vaccination after natural infection

Previously infectedNo history of infection

Antibody levels (ELISA)

Hans et al., bioRxiv, 2021



Vaccination after natural infection significantly improves 
neutralization

Original strain (Wuhan- WA1)

Hans et al., bioRxiv, 2021



Vaccination after natural infection significantly improves 
cross-variant neutralization

Previously infectedNo history of infection

WA1 Alpha Beta Gamma

Hans et al., bioRxiv, 2021



Breakthrough infections provide enhanced response

Anti-spike RBD antibodies Neutralizing titer

Bates et al., JAMA 2022



Vaccination before/after infection: does the order 
matter?

Study design



Let’s compare infection before/after vaccination: two 
paths to enhanced immunity

Anti-spike RBD antibodies

Bates et al., Science Immunology, 2022



Let’s compare infection before/after vaccination: two 
paths to enhanced immunity

Live virus neutralizing titers



Hybrid immunity: one vs double dose

Bates et al., Science Immunology, 2022

Live virus neutralizing titers

Anti-spike (RBD or full-length) antibodies



Variant specific enhanced responses by breakthrough

Vaccine only Alpha breakthrough Gamma breakthrough



Variant specific enhanced responses by breakthrough
Relative neutralization of Delta by Delta breakthroughs



What about three-dose vaccination vs breakthroughs? 

Study design



Third-dose vaccination improves antibody responses

Anti-spike RBD antibodies

Unpublished data



Third-dose vaccination improves Omicron neutralization

Unpublished data

Live virus neutralizing titers



Third-dose vaccination improves antibody responses

Unpublished data

Correlation of full-length spike-binding antibody EC50 with FRNT50



Third-dose vaccination improves antibody potency

Unpublished data

Neutralizing potency index: the ratio of neutralizing titer (FRNT50) to spike 
binding EC50 values



Third-dose vaccination vs age

Unpublished data



Crotty, Science 2021



Conclusions

- Getting vaccinated leads to more neutralizing antibodies than natural infection

- The response to natural infection is highly variable

- Age-dependent response of antibody/neutralizations

- A combination of vaccination and natural infection gives the greatest response
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