
Simple	  models	  for	  influenza	  an2genic	  dri5	  

Julia	  Gog,	  DAMTP,	  University	  of	  Cambridge	  



SIR	  model	  
Phylodynamics	  
Influenza	  DriD	  Models	  
Add	  evoluEonary	  constraints	  
Ongoing	  and	  other	  stuff	  



Classic	  epidemic	  model	  
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Constant	  populaEon:	  
ReproducEve	  raEo:	  
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Epidemic	  threshold:	  
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The	  SIR	  model	  
Basic	  model	  gives	  many	  insights,	  and	  easy	  to	  extend	  in	  many	  ways:	  

• Host	  demographics	  (births/deaths)	  

• StochasEcity	  
• MulEple	  species	  or	  host	  types	  

• SpaEal	  structure	  
• Network/metapopulaEon	  structure	  

• BeUer	  infecEous	  period	  distribuEons	  
• Effect	  of	  different	  control	  measures	  
• RealisEc	  immunity	  

• Age	  structure	  
• Vector-‐borne	  
• SEIR	  and	  friends	  
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Grenfell	  et	  al.,	  Science	  2004	  

A	  key	  priority	  for	  infecEous	  disease	  research	  is	  to	  clarify	  how	  pathogen	  
geneEc	  variaEon,	  modulated	  by	  host	  immunity,	  transmission	  boUlenecks,	  and	  
epidemic	  dynamics,	  determines	  the	  wide	  variety	  of	  pathogen	  phylogenies	  
observed	  at	  scales	  that	  range	  from	  individual	  host	  to	  populaEon.	  We	  call	  the	  
melding	  of	  immunodynamics,	  epidemiology,	  and	  evoluEonary	  biology	  
required	  to	  achieve	  this	  synthesis	  pathogen	  “phylodynamics.”	  





Influenza	  anEgenic	  driD	  dogma	  
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Two	  ways	  to	  extend	  SIR	  to	  model	  anEgenic	  driD:	  

PopulaEon	  variables	  are	  
updated	  to	  reflect	  anEgenic	  
evoluEon:	  In	  frame	  of	  
reference	  that	  moves	  with	  
strain	  

PopulaEon	  variables	  
account	  for	  mulEple	  
circulaEng	  strains	  
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PopulaEon	  variables	  are	  
updated	  to	  reflect	  anEgenic	  
evoluEon:	  In	  frame	  of	  
reference	  that	  moves	  with	  
strain	  

SuscepEble	  

Infected	  

Not	  actually	  a	  loss	  of	  
immunity,	  but	  a	  loss	  of	  
immunity	  with	  respect	  
to	  the	  currently	  
circula'ng	  strain	  

E.g	  Pease	  1987	  

Recovered	  Recovered	  



PopulaEon	  variables	  
account	  for	  mulEple	  
circulaEng	  strains	  
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strain	  j	  

E.g	  Andreasen	  1997	  



PopulaEon	  variables	  are	  
updated	  to	  reflect	  anEgenic	  
evoluEon:	  In	  frame	  of	  
reference	  that	  moves	  with	  
strain	  

PopulaEon	  variables	  
account	  for	  mulEple	  
circulaEng	  strains	  

• Fairly	  tractable	  

• Only	  one	  strain	  at	  a	  Eme	  

• EvoluEonary	  dynamics	  imposed	  

• Rapidly	  intractable	  

• Strains	  limited	  only	  by	  tractability	  

• EvoluEonary	  dynamics	  emerge	  
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Cross-‐immunity	  	  

=	  a	  strain	  

=	  mutaEon	  

Strain	  space:	  	  
Discrete	  strains	  on	  a	  line:	  mutaEon	  is	  to	  
immediate	  neighbours,	  cross-‐immunity	  acts	  on	  
nearby	  strains	  decreasing	  with	  distance	  

All	  strains	  have	  same	  basic	  parameters:	  intrinsic	  fitness	  equal	  

However	  populaEon	  immunity	  changes	  through	  Eme:	  effec've	  fitness	  varies	  
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Sanjuán,	  Moya,	  Elena	  PNAS	  2004	  	  

Frequency	  of	  fitness	  values	  associated	  
with	  random	  single-‐nucleoEde	  
subsEtuEons	  (VSV,	  in	  vitro).	  	  

For	  influenza:	  	  

Supposing	  anEgenic	  mutaEon	  is	  associated	  with	  a	  detrimental	  effect	  
on	  viral	  fitness….	  	  

…how	  would	  this	  qualita'vely	  affect	  populaEon	  dynamics	  of	  driD?	  



New	  model	  for	  strain	  space	  

Force	  funcEonal	  constrains:	  can	  mutate	  anEgenically	  but	  
must	  also	  reduce	  fitness.	  	  

Can	  later	  compensate	  back	  to	  full	  fitness.	  

Horizontal	  sEll	  represents	  different	  anEgenic	  types	  

Same	  an2genic	  
proper2es	  

Gog,	  2008,	  Vaccine	  	  



Discrete	  Eme	  

SEIFR	  model	  

Map	  Equa2ons:	  

Gog,	  2008,	  Vaccine	  	  



Ac2ve	  set	  of	  strains:	  

Want	  to	  model	  long-‐term	  driD	  paUerns.	  Will	  need	  a	  lots	  of	  strains,	  but	  not	  all	  the	  
same	  Eme.	  Use	  stochas2c	  muta2on	  and	  ex2nc2on,	  plus	  only	  track	  current	  strains:	  	  

Gog,	  2008,	  Vaccine	  	  
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Usually	  individual	  run	  is	  
clearly	  driDing	  or	  clearly	  
locked	  to	  a	  single	  strain	  

SomeEmes	  can	  do	  both	  in	  
same	  run	  



Strain	  space	  

Parameter	  to	  explore:	  ‘Mutant	  fitness’	  
The	  relaEve	  fitness	  of	  an	  anEgenic	  mutaEon	  

x	  =	  Mean	  mutant	  fitness	  

=1	  

=	  x	  



Strain	  

Year	  

Total	  Prevalence	  

Year	  

Total	  Prevalence	  

Year	  

Strain	  

Year	  



DRIFT	  LOCKED	   ???	  





(100	  runs	  per	  parameter	  value)	  



Bistable	  system	  -‐	  consequences	  for	  vaccina2on	  



Conclusions	  

• EvoluEonary	  constraints	  could	  have	  unexpected	  
and	  major	  impact	  on	  resultant	  populaEon	  dynamics	  

• This	  could	  have	  important	  control	  implicaEons:	  
stopping	  or	  pausing	  influenza	  driG	  would	  provide	  a	  
window	  for	  further	  vaccine	  delivery	  

…but	  caveats…	  



Some	  of	  the	  caveats	  

• Parameters:	  illustraEve	  only,	  or	  chosen	  for	  convenience	  

• Model	  choice:	  Ad	  hoc	  random	  process,	  acEve	  set	  approximaEon,	  
choice	  of	  reduced	  transmission	  model	  

• Ini2al	  condi2ons	  (proporEons	  in	  different	  behaviors	  change	  but	  
speed	  doesn’t)	  

• Have	  not	  considered	  heterogenei2es	  of:	  
• Space,	  seasonality,	  host	  structure	  
• AnEgenic	  or	  fitness	  heterogeneiEes	  (used	  fixed	  value)	  




