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Infection of humans with avian influenza (AIV) resulting in high morbidity and mortality rates were reported for H5N1, H7N7 
and H7N9 AIV. Concerted efforts are under way to produce vaccines against avian influenza strains with pandemic potential. Most 

of the vaccines were based on vaccines formats that have been licensed for seasonal influenza, namely, split or subunit inactivated 
influenza vaccine (IIV) or live attenuated influenza vaccine (LAIV). However, both vaccine types gave very poor immune responses 
in humans. Combining AIV vaccines with novel adjuvants or prime-boost protocols were found to elicit significant hemagglutination 
inhibition (HI) against AIV strains. We analyzed the antibody responses elicited by the successful vaccination approaches to provide 
insights into the improved immune responses including complete antibody repertoires using whole genome phage display libraries 
(GFPDL) and antibody affinity measurements using SPR technologies. Several adjuvants (oil-in-water and saponin-containing 
particles) shifted the antibody focus from non-protective to protective targets in the globular head of the hemagglutinins of H5N1 
and H7N9 AIV. SPR real time kinetics measurements demonstrated significant increase in total binding and increased affinity 
against functional HA1 proteins. LAIV prime with IIV boost resulted in similar changes in antibody quantity and quality similar to 
adjuvanted vaccines. In ferrets, increase in antibody affinity against the HA1 correlated with protection against lethal challenge with 
H7N7 and H5N1 HP avian influenza and reduced viral loads. Cross-protection against heterologous strains was also demonstrated. 
Therefore, new vaccine approaches along with novel analytical tools can improve the design of vaccine against pandemic influenza.
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