
Hale-‐Waltman’s	  persistence	  	  
theory	  applied	  to	  avian	  	  
influenza	  spread	   
Ø  Hale-‐Waltman’s	  theory	  on	  persistence	  	  
of	  infinite	  dimensional	  dynamical	  systems	  	  
provides	  a	  general	  geometric	  framework	  to	  	  
address	  an	  important	  issue	  in	  biology;	  	  
Ø  This	  theory,	  when	  applied	  to	  any	  specific	  	  
biological	  system,	  o@en	  provides	  the	  sharpest	  	  
condiAon	  for	  exAncAon/persistence,	  	  which	  coincides	  with	  the	  threshold	  phenomena	  	  
observed	  in	  epidemiology;	  
Ø  We	  use	  a	  delay	  differenAal	  system	  with	  periodic	  coefficients	  arising	  	  
from	  bird	  immigraAon	  and	  avian	  influenza	  spread	  to	  demonstrate	  the	  effecAveness	  	  	  
of	  Hale-‐Waltman’s	  theory.	  	  
Ø  We	  also	  discuss	  remaining	  challenges	  relevant	  to	  more	  delicate	  issues	  of	  persistent	  
infecAon,	  specially	  the	  issue	  of	  predictability	  of	  	  inter-‐epidemic	  duraAon.	   



The	  concept	  of	  persistence	  reflects	  the	  survival	  of	  all	  components	  of	  	  
a	  model	  ecosystem.	  Most	  of	  the	  results	  to	  date	  are	  restricted	  to	  ODEs	  	  
or	  to	  dynamics	  on	  locally	  compact	  spaces.	  The	  concept	  is	  invesAgated	  	  
here	  in	  the	  seMng	  of	  a	  $C^0$-‐semigroup	  which	  is	  asymptoAcally	  	  
smooth.	  Since	  the	  equaAons	  of	  populaAon	  dynamics	  o@en	  involve	  	  
delays	  or	  diffusion	  this	  seems	  the	  appropriate	  seMng.	  CondiAons	  are	  	  
placed	  on	  the	  flow	  on	  the	  boundary	  which,	  given	  the	  presence	  of	  a	  	  
global	  aTractor	  provided	  by	  the	  assumpAon	  of	  dissipaAveness	  and	  	  
asymptoAc	  smoothness,	  are	  necessary	  and	  sufficient	  for	  persistence.	  





Avian influenza as an example (other applications include Lyme disease,  
West Nile virus, dengue and possibly Zika);  













Nonnegativeness, boundedness and point dissipativeness and existence  
of global attractor all straightforward. 





















Persistent non-periodic oscillation 

How to determine inter-epidemic intervals from the historical 
surveillance data? 
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