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Outline of my talk

• Global Burden of Influenza
o Morbidity and mortality in children

• Influenza Vaccines 

• Real life IIV and  LAV effectiveness

• Immune responses and the Original Antigenic Sin 

• Where we are with universal Influenza vaccination

• Next generation Influenza vaccines



Estimated Influenza Disease Burden, by Season
2010-11 through 2022-23 

https://www.cdc.gov/flu/about/burden/index.html

https://www.cdc.gov/flu/about/burden/index.html



Epidemiology of Influenza in paediatric populations 

●3–5 million cases of severe disease per year.

●290–650 thousand deaths due to respiratory 
complications. 

● 870,000 annual hospitalizations globally of children 
less than 5 years old. 

Motaghi S. et al... Vaccine. 2024



Disease burden 2016-–2023
in  children and adolescents aged 5–17 years 

https://www.cdc.gov/mmwr/volumes/72/wr/mm7241a2.htm?s_cid=mm7241a2_w



Influenza virus structure and antigenic 
drift and shift in influenza infections

(from Muraduzzaman HKM, et al. Viruses 2022)

Muraduzzaman, A. et al., Viruses. 2022. 



https://grippol.ru/en/vaccination/type/

Influenza vaccines



Types of influenza vaccine

Paules C, Subbarao K. Lancet. 2017



Global Influenza epidemiolgy , 
by virus type and subtype 2024

https://www.who.int/publications



VAXIGRIP TETRA & EFLUELDA TETRA 
Recommended Composition 2024-2025

• an A/Victoria/4897/2022 (H1N1)pdm09-like virus

• an A/Thailand/8/2022 (H3N2)-like virus

• a B/Austria/1359417/2021 (B/Victoria lineage)-like virus

• a B/Phuket/3073/2013 (B/Yamagata lineage)-like virus.

https://www.who.int/publications/m/item/recommended-composition-of-influenza-virus-vaccines-for-use-in-the-

2024-2025-northern-hemisphere-influenza-season 

https://www.who.int/publications/m/item/recommended-composition-of-influenza-virus-vaccines-for-use-in-the-2024-2025-northern-hemisphere-influenza-season
https://www.who.int/publications/m/item/recommended-composition-of-influenza-virus-vaccines-for-use-in-the-2024-2025-northern-hemisphere-influenza-season


Influenza B Yamagata has disappeared

According to data from the Global Initiative on Sharing All Influenza Data 
(GISAID) and FluNet , there has been no confirmed detection of the 
naturally occurring B/Yamagata virus since March 2020 . 

Live virus vaccines containing the B/Yamagata antigen could pose a remote 
risk of the lineage being reintroduced into humans via reassortment of 
B/Yamagata vaccine strain with wild type B/Victoria strain.

https://www.ema.europa.eu/en/documents

. 



Flu Vaccine effectiveness (VE)



AMERICA - UNITED STATES 

Vaccine effectiveness against

influenza-associated outpatient

visits ranged from 59% to 67%

and against influenza-

associated hospitalization

ranged from 52% to 61%

Vaccination prevented 10%

of expected hospitalizations

overall and 41% among

young children (6 months–4

years)

Clin Infect Dis. 2019

MMWR Morb Mortal 
Wkly Rep. 2024 



Flu-Related VE by Age Group
(medical Visits, Hospitalizations, and Deaths)

2021-2022 Flu Season

https://www.cdc.gov/flu-burden/php/data-vis-vac/2021-2022-
prevented.html



Flu-Related VE by Age Group
(medical Visits, Hospitalizations, and Deaths)

2022-2023 Flu Season

https://www.cdc.gov/flu-burden



Effectiveness against subtypes

Influenza 
season

Total Influenza 
cases

VE against 
A(H1N1)
PDM09

VE against 
A(H3N2)

VE against
Influenza 
B/Victoria

2022-2023 20,477 
(six European 

studies, covering 

16 countries)

All ages:
28-46%
<18 yo:
49-77% 

All ages:
2-44%
<18 yo:
62-70%

All ages: >50%
<18 yo:87-95%

2023-2024 1.885
(two European 
studies, 
covering 10 
countries)

Primary Care
All ages: 53%
Among 
children: 85%

Hospital
All ages:44%

Primary Care

All ages: 30%

Hospital
All ages:14%

Kissling E, et al. Euro Surveill. 2023

Maurel M, er al.Euro Surveill. 



LAIV4 effectiveness in primary care  
2014/15 and 2018/19 seasons

Kassianos G,  et al . Vaccine. 2020 Aug
Influenza Other Respir Viruses 2024

Estimated vaccine effectiveness against all influenzas

63% to 65% (among children aged 2–17,

36% to 55% among adults 18–64

40% to 55% among adults aged 65 and over.



The relative efficacy of trivalent live attenuated and inactivated 
influenza vaccines in children and adults 

Ambrose CS et al. Influenza and Other Respir Viruses 2010



Comparing the incidence of confirmed influenza cases 
after influenza vaccination (all ages) 

Garai., et al. Journal of Translational Medicine 2024



Comparing the incidence of confirmed influenza cases 
after influenza vaccination (children< 6 years )

Garai., et al. Journal of Translational Medicine 2024



Why current influenza vaccines  
do not have optimal effectiveness?

1. Mismatch of circulating and vaccine strains

2. Reduced immunogenicity of IIV

3. The potential effect of original antigenic sin (OAS)



Influenza vaccine effectiveness, vaccine match, and strain prevalence by 
Northern Hemisphere influenza season and geographic region

Russell CA et al. Hum Vaccin Immunther 2024



Nayak J.,et al. Cold Spring Harb Perspect Med. 2021 

Preexisting Immunity to influenza 

and response to infection and vaccination



Nayak J.,et al. Influenza in Children. Cold Spring Harb 
Perspect Med. 2021 4;11



Original Antigenic Sin (OAS)

An immunological phenomenon where the immune system's response to a 
second encounter with a antigenically similar antigen is dominated by 
memory cells generated during the initial exposure, rather than 
generating a new response tailored to the new pathogen.

This effect can result in suboptimal immunity because the immune response 
is "biased" toward the original antigen and may not effectively neutralize 
the new variant of the pathogen. 

OAS is often observed in infections with rapidly mutating viruses, such as 
influenza  and COVID and can influence the effectiveness of vaccines 
targeting such pathogens.



Prior exposures might increase or decrease total and/or 
neutralizing antibody responses after subsequent exposures

Cobey, S. Nat Immunol .2024



How to overcome OAS
Targeting Conserved Antigens

Kim YH, et al., Rev Med Virol. 2022 



Strategies to develop new Influenza Vaccine

Next generation of non-egg-based influenza vaccines include:

● New manufacturing platforms

● Structure-based antigen design/computational biology

● Protein-based vaccines including recombinant technologies

● Nanoparticles

● Gene- and vector-based technologies

● Novel adjuvants

● New Epitopes for Rational Immunogen Design

The molecular definition of highly cross-reactive B 
cell epitopes can inform the design of vaccines for 
broad protection.



Consensus criteria for 
a universal influenza vaccine 

(Jang YH and Seong BL. Front Cell Infect Microbiol. 2019)

Ideal universal Influenza vaccine would provide durable protection against circulating strains, 

seasonal and pre-pandemic

Immune responses to current vaccines focus on the haemagglutinin head domain, whereas 

next-generation vaccines target less variable virus structures, including the haemagglutinin stem



Universal 
influenza 

vaccination

Country Minimal age Maximal age Year of introduction

USA 6 months 18 years

Finland 6 months 6 years

Australia 6 months 5 years

Austria 6 months 15 years

UK 2 years 16 years

Canada 6 months 5 years 2021

Irerand 2 years 12 years 2021

Spain 6 months 5 years 2021

Lettonia 6 months 17 years 2021 + 2022

Malta 6 months 5 years 2021

Estonia 6 months 7 years 2022

Greece 6 months 4 years 2024

Slovakia 6 months 3 years -

Slovenia 6 months 2 years -



Country Age group Coverage

UK 2 years 55.2% (2022)

3 years 57.8% (2022)

4 – 11 years 61.9% (2021); 57.2% (2022); 48.0% (2023)

12– 16 years 43.6% (2022)

Ireland 2 years – 4 years 59.7% (2017)

2 years – 12 years 18.8% (2022)

13 years – 17 years 11.6% (2022)

Finland 6 months – 3 years 42.9% (2021); 41.1% (2022)

3 years – 6 years 34.7% (2021); 31.5% (2022)

USA 6 months – 4 years 75.2% (2020); 54.7% (2022); 60.6% (2023)

5 months – 12 years 64.5% (2020); 50.3% (2022); 50.3% (2023)

INFLUENZA VACCINATION COVERAGE



Were we are now with vaccination 
of children against influenza

• Vaccinating children against influenza remains an 
essential public health measure 

• Challenges persist, including the suboptimal 
effectiveness , the unresolved impact of original 
antigenic sin on vaccine performance. 

• The complexity of the immune response to 
influenza requires continued research for more 
broadly protective and durable vaccines.



Where we are going..

• Developing next-generation influenza 
vaccines

• Understanding the long-term effects of early 
immune priming, 

• Enhancing public confidence and access to 
vaccination to ensure  the benefits of 
vaccination.
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