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Birth cohort effects: age*period interactions

• Age effects
• Developmental, behavioral or physiological changes associated with aging

• E.g. Neonatal immune immaturity, social contacts in school children, immunosenescence
with aging

• Period effects
• Widespread/ubiquitous environmental exposures at a circumscribed point in time 

• E.g. Pandemic or widespread/prolonged epidemic (drift) influenza

• Cohort effects
• Period effect experienced and expressed differentially by age

• E.g. Period* age interaction

• Short-lived or long term consequences 



Influenza virus is highly changeable

• A constantly re-emerging and/or recycling RNA virus
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Image modified from:
https://www.cdc.gov/flu/a
bout/professionals/antige
nic.htm

https://www.cdc.gov/flu/about/professionals/antigenic.htm


Periodic pandemics (shift), followed by seasonal epidemics (drift)



Virtually all have had a priming exposure by the age of five years

…

• Highest attack rates in children



• The first influenza infection is a significant lifetime event

• Creates the largest background pool of long-lasting memory cells
• Epitope specific immune B cell and T cell memory clones

• Antibodies mostly targeting the immunodominant HA head
• Other epitopes (stalk, NA) may also dominate in subsequent (heterologous) infections

• CD8+ T cells – greater cross-reactivity between antigenically divergent viruses
• Attenuating effects on severity

• Subsequent influenza exposures preferentially recall or “back-boost” memory 
responses to the earliest priming epitopes



…
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90% of 90 year olds 
were sero-protected pre-pandemic…

Attributed to lasting cross-reactivity due 
to exposure to related ancestral

viruses in childhood

2009 pandemic reinforced the potential long-term benefits of imprinting
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But also potential untoward effects of immunological interactions

2008-09 TIV protective
seasonal viruses

(OR<1)

2008-09 TIV associated
with ~2-fold  increased 
risk of 2009 pandemic 

H1N1 virus
(OR>1)



Repeat vaccination with the same A(H3N2) vaccine strain in the context of big antigenic mismatch to circulating variant







Unvaccinated H3N2 cases

Unvaccinated H1N1pdm09 cases

Unvaccinated test negative controls



2013-14:

2015-16:



• In 2018-19, two influenza A(H3N2) clades co-circulated: 3C.2a1 and 3C.3a

• The vaccine strain was clade 3C.2a1

• Clade 3C.2a1 circulating and vaccine strains are Y159
• Circulating clade 3C.2a1 viruses are T160 glycosylated, shielding the Y159

• Egg-adapted clade 3C.2a1 vaccine strains are K160 unglycosylated, exposing the Y159

• Clade 3C.3a wild-type viruses are S159
• Circulating clade 3C.3a wild-type viruses are K160 unglycosylated, exposing the S159

2a1: Y159

3a: S159



Following the 1968 pandemic, H3 viruses were S159 for ~30 years 

*Global Initiative on Sharing All Influenza Data (www.gisaid.org )

http://www.gisaid.org/
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Differential effects of vaccine mismatch by age: imprinting effect?





• Influenza virus is a highly changeable virus
• Constantly evolving, re-emerging and/or recycling to evade pre-existing immunity

• The first influenza infection is a significant lifetime event
• Leaves a lasting immunological legacy or imprint

• On a population level, influenza epidemics/pandemics with high attack rates in 
children can induce signature cohort effects 
• Manifest as variation in age-related risk and vaccine response over time

• To date, annual influenza vaccination recommendations have largely ignored the 
complex role of pre-existing immunity
• Assumes we are a blank slate, neutrally recalibrated before each annual dose
• Complex conditions of antigenic relatedness between imprinting virus, consecutive vaccine doses 

and currently circulating virus

• Influenza vaccine performance has been suboptimal
• Improvement requires consideration of these effects 19

Concluding comments



Implications of immunological imprinting for other vaccine preventable 
diseases showing changeability, SARS-CoV-2 vaccination and variants


