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Dynamics	  of	  influenza	  virus	  
circula9on	  in	  humans	  

An9genic	  DriJ	  and	  An9genic	  ShiJ	  



Influenza	  A	  virus	  hemagglu9nin	  (HA)	  

adapted	  from	  Krammer	  and	  Grabherr,	  2010,	  Trends	  Mol	  Med.	  
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An9bodies	  against	  the	  influenza	  virus	  
HA	  stalk	  domain	  

Ekiert	  et	  al.,	  2009,	  Science	  

• Rare	  and	  not	  induced/boosted	  
upon	  regular	  seasonal	  vaccina9on	  

• Have	  been	  isolated	  from	  humans	  
and	  mice	  	  

• Cross-‐reac9ve	  between	  HAs	  of	  
different	  subtypes	  	  

• Broad	  neutralizing	  ac9vity	  	  

• Conforma9onal	  epitopes	  

• HI	  nega9ve	  
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The	  HA	  stalk	  is	  conserved	  among	  group	  1,	  among	  
group	  2	  HAs	  and	  among	  influenza	  B	  HAs	  

	  



Can	  protec9ve	  levels	  of	  broadly	  
neutralizing	  an9bodies	  be	  induced	  by	  

vaccina9on?	  



Chimeric	  hemagglu9nins	  (cHA)	  
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Hai	  et	  al.,	  2012,	  JVI	  
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Induc9on	  of	  protec9ve	  levels	  of	  stalk-‐reac9ve	  an9bodies	  using	  
chimeric	  HA	  constructs	  in	  mice	  

cH9/1	  DNA	   cH6/1	  protein	  
	  

cH5/1	  protein	  

Control	  groups:	  	  
cH9/1	  DNA	  +	  BSA	  +	  BSA	  
matched	  vaccine	  (pos.	  contr.)	  
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Vaccina9on	  with	  cHA	  constructs	  protects	  from	  pH1N1	  
(A/Netherlands/602/09)	  challenge	  	  

	  

posi9ve	  control	  (matched	  inac9vated)	  
cH9/1	  DNA	  +	  cH6/1	  protein	  +	  cH5/1	  protein	  
cH9/1	  DNA	  +	  BSA	  +BSA	  
	  

Krammer	  and	  Pica	  et	  al.,	  JVI,	  2013	  
Similar	  results	  for	  A/PR/8/34	  H1N1	  and	  A/FM/1/47	  challenges	  and	  
heterosubtypic	  challenges	  with	  H5N1	  and	  H6N1	  

Weight	  loss	   Survival	  



Protec9on	  is	  an9body	  mediated	  
ELISA	  reac9vity	  to	  Cal09	  (pH1N1)	  

protein	  

cH9/1	  +	  cH6/1	  +	  cH5/1	  
cH9/1	  +	  BSA	  +BSA	  
naïve	  serum	  
	  

Naïve	  
Posi9ve	  control	  
vector	  +BSA+BSA	  
cH9/1	  +	  cH6/1	  +	  cH5/1	  
	  

Passive	  transfer	  of	  serum	  protects	  from	  
viral	  challenge	  

Days	  post	  challenge	  



Cross-‐protec9on	  against	  group	  2	  viruses?	  
	  
	  



Group	  1-‐group	  2	  cross-‐reac9vity	  is	  not	  sufficient	  to	  protect	  
from	  virus	  challenge	  

Phil82	  (H3N2)	  ELISA	   Phil82	  (H3N2)	  challenge	  



Group	  2	  proof	  of	  concept	  

cH4/3	  DNA	   cH5/3	  protein	  
boost	  

cH7/3	  protein	  
boost	  
(H3	  protein	  for	  the	  
H7	  challenge)	  
	  

ma	  Phil82	  (H3)	  	  
ma	  X31	  (H3)	  	  
Rhea	  (H7)	  
H7N9	  
challenge	  

Control	  groups:	  	  
cH4/3	  DNA	  +	  BSA	  +	  BSA	  
naïve	  (neg.	  contr.)	  
matched	  vaccine	  (pos.	  contr.)	  

4	  weeks	  3	  weeks	  3	  weeks	  



A/Philippines/2/82	  H3N2	  challenge	  
	  

***,	  p=0.0008	  

n=1	  

Margine	  and	  Krammer	  et	  al.,	  2013,	  JVI	  

Similar	   results	   for	   other	   H3N2	   viruses	   and	  
heterosubtypic	   challenges	   with	   H7N1	   and	   H7N9	  
(cH7/3	   protein	   was	   replaced	   by	   full	   length	   H3	   protein	  
for	  the	  H7	  challenge	  group).	  

Weight	  loss	   Survival	  



Proof	  of	  concept	  for	  influenza	  B	  virus	  

Ermler	  et	  al.,	  2017,	  JVI	  

Similar	   results	   for	  other	   influenza	  B	   viruses	   from	  
the	  B/Yamagata,	  B/Victoria	  and	  ancestral	  lineage.	  



Pre-‐clinical	  tes9ng	  in	  the	  ferret	  model	  



Heterologous	  prime-‐boost	  experiment	  with	  cHA	  
vaccines	  in	  ferrets	  

cH8/1N1	  LAIV	  

cH8/1N1	  IIV	   cH5/1N1	  IIV	  

cH5/1N1	  IIV	  

pH1N1	  	  
challenge	  



cHA based vaccines protect ferrets from pandemic H1N1 
challenge  

	  

Trachea virus titers Lung virus titers

Nachbagauer	  et	  al.,	  2017,	  NPJ	  Vaccines	  



Lessons	  learned	  from	  pre-‐clinical	  studies	  
• Chimeric	  HA	  constructs	  induce	  broadly	  reac9ve	  an9-‐stalk	  an9bodies	  and	  protect	  mice	  
and	  ferrets	  from	  challenge	  with	  heterologous	  and/or	  heterosubtypic	  virus	  strains	  

• Chimeric	  HA	  vaccina9on	  impacts	  on	  transmission	  and	  is	  long-‐las9ng	  

• The	  observed	  protec9on	  is	  an9body	  mediated	  

• Good	  protec9on	  against	  emerging	  viruses	  (H5,	  H6,	  H7,	  H10	  etc.)	  

• Works	  well	  as	  inac9vated	  split	  vaccine	  

• A	  trivalent	  vaccine	  with	  an	  group	  1,	  group	  2	  and	  influenza	  B	  stalk	  component	  will	  be	  
needed	  	  

(Krammer	  and	  Pica	  et	  al.,	  JVI,	  2013;	  Margine	  and	  Krammer	  et	  al.,	  JVI,	  2013,	  Krammer	  et	  al.,	  JVI	  2013,	  Krammer	  et	  al.,	  JVI,	  
2014,	  Nachbagauer	  et	  al.,	  JVI,	  2015,	  Ryder	  et	  al.,	  JVI,	  2015,	  Nachbagauer	  et	  al.,	  NPJ	  Vaccines,	  2016,	  Ermler	  et	  al.,	  JVI,	  
2017,	  Nachbagauer	  et	  al.,	  NPJ	  Vaccines,	  2017,	  Isakova-‐Sivak	  et	  al.,	  Virology,	  2018,	  Nachbagauer	  et	  al.,	  Vaccines,	  2018)	  

	  	  
	  



Concept	  for	  a	  human	  universal	  influenza	  virus	  vaccine	  

Trivalent	  vaccine	  with	  group	  1,	  group	  2	  and	  influenza	  B	  stalk	  component	  necessary	  

Krammer	  and	  Palese,	  Nat.	  Immunol.,	  2013	  



Conclusions	  –	  cHA	  vaccine	  
	  • Chimeric	  hemagglu9nin	  (cHA)	  vaccine	  constructs	  

protect	  from	  heterologous	  and	  heterosubtypic	  
challenge	  in	  animal	  models	  

• H5N1	  vaccina9on	  induces	  high	  levels	  of	  stalk-‐
reac9ve	  an9bodies	  in	  humans	  providing	  support	  for	  
a	  cHA	  based	  vaccine	  

• cHA-‐based	  vaccines	  are	  currently	  tested	  in	  Phase	  I/
II	  clinical	  trials	  (clinicaltrials.gov	  ID	  NCT03300050	  and	  
NCT03275389)	  	  
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