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 Development of vaccines by 

reverse genetics (LAIV) 

 Immunology of LAIV 

 Avantages and disavantages 
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Vaccine strain selection 
Northern Hemisphere (1984-2011) 
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Current Influenza vaccines (TIV) 
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Whole Virus, inactivated Split virion inactivated Sub-unit 
Surface antigens 

 

Virosomal 

Adjuvant 

Courtesy by Catherine Weil Ollivier 



Live attenuated influenza vaccines 

 Effective, safe, stable vaccines 

 Local immunity in the upper respiratory tract (intranasal deliverance) 

 Provide immunity similar to natural infection 

 

 Update vaccines with the HA , NA genes (circulating strains) 

 Attenuation phenotype: ts, ca, att 

 Master Donor strain 
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Host range variants 
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wt seasonal Influenza virus  
Master Donor strain 

A/Ann Arbor/6/60 
B/Ann Arbor/1/66 

6:2 reassortant virus 
PB2 gene: Host range restriction phenotype 



Phenotype of 6:2 reassortant (ts) 

• Temperature sensitive 
vaccines (ts phenotype) 

 

 

• Type A:   
– 39°C shut off temperature of 

replication 

– 10-2 permissive replication  at 33°C 

•  Type B:   
– 37°C shut off temperature of 

replication 

– 10-2 permissive replication  at 33°C 

 PB2 gene: 112+265+556 (aa) 

PB1 (391, 457, 581),NP genes  (34)
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Restricted replication (37-39°C) 

Replication (33°C) 



Phenotype of 6:2 reassortant (ca) 

• Cold- adapted vaccines 

(ca phenotype) 

 

Virulence  

 

 

 

x 25°C -33°C 

(32 stepwise passages) 
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Genetic basis of attenuation and stability of ca vaccines:  
11 aa substitutions in 6 gene products  
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Influenza vaccines generated by reverse genetics (Subbarao et al., CDC) 



 

 

 

 

Phenotype of 6:2 reassortant 

• Attenuated vaccine (att 
phenotype) 

Ferrets (level replication) 

• 10-3 

 

 

 Doses of 
immunogenicity and 
safety: 107 TCID50 

 

 

 

• Genetic stability 

– PB1,PB2,PA genes in ca 
or ts phenotypes (clinical 
studies in children) 

 

– 10-20 replication cycles 
(Kamps et al 2006) 
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Reverse genetics application to influenza vaccine 
development 
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Manufacturing process of trivalent LAIV (1) 
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PB2 

PB1 

PA 

HA 

NP 

NA 

M 

NS 

réassortant 6:2 

Monovalent bulk 
- Complete sequencing of 6:2 

- Characterization of Ha, N 

- Attenuate tests(furet) 

- Genetic stability(5 passages successifs) 



Manufacturing process of trivalent LAIV (2) 

106,5-7,5 UFF 

Monovalent Bulks (-60%) 

H1 

H3 

B 

- Complete sequencing of 6:2 

- Characterization of Ha, N 

- Attenuate tests(furet) 

- Genetic stability(5 passages successifs) 



Immune response of LAIV 
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Immune response  of trivalent LAIV 

 Mucosal antibody response 
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Clements et al. J  Clin Microbiol, 2003 



Immune response  of  trivalent LAIV 

 Cellular immune response 
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Advantages and disadvantages of LAIV 

 Genetically modified organism:  

 Specificity to humans 

 No carriage of a toxic transgene 

 No replication in the environnement 

 well tolerance 

 

 Reassortants between LAIV strains 

Wt A/Sydney/5/97 and corresponding LAIV vaccine strains 

• 256 recombinant strains 

• 2 8 potential combinations 

• Focus on RNP, PB2-PB1,PA,NP, NS,M 
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Reassortants between LAIV strains 
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Advantages and disadvantages of LAIV 

 Development of pandemic influenza vaccine: H5N VN 2004 ca,H5N1 HK 2003 ca 
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(n= 59 

participants, 2 

doses 
Karron et al., 

Vaccine 2009 



Advantages and disadvantages of LAIV 

 Applications to  

generation of pandemic  

strains vaccine 
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Krenn et al. PlosOne 2011 



Infectious activity at acidic pH of LAIV 
candidate H5: mutation in HA gene (K58I) 

 Influenza NP  activity in nasal 
epithelial cells (mice ) 

 

 

 

 

 Replication efficiency in cell 
culture (MDCK) 
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Krenn et al. PlosOne 2011 



LAIV 

Efficacy and effectiveness of intranasal LAIV: 

Subsequent replication in cells of the upper 

respiratory tract 

Uptake vaccine formulation 

Limited genetic changes following replication in 

vaccine recipients without vaccine attenuation 
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