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We	
  used	
  space-­‐frac%onal	
  diffusion	
  as	
  a	
  proxy	
  for	
  

commercial	
  air	
  traffic	
  to	
  model	
  outbreak	
  dynamics	
  



Tracking  Ebola  virus  in  Sierra  Leone  (2014-­‐2015)


Infec%ons	
  as	
  a	
  tracer	
  of	
  
human	
  mobility	
  	
  
	
  
Stochas%c	
  process	
  	
  
Human	
  behavior	
  is	
  dynamic	
  	
  
Popula%on	
  landscape	
  is	
  inhomogeneous	
  
	
  
Need:	
  a	
  tool	
  to	
  decide	
  which	
  spa%al	
  model	
  explains	
  the	
  epidemic	
  dynamics	
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Focus	
  on	
  Sierra	
  Leone	
  
	
  
Sequenced	
  cases	
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  the	
  course	
  of	
  
all	
  cases	
  
	
  
Peak	
  of	
  cases	
  in	
  
Freetown	
  in	
  
December	
  2014	
  
	
  
“Surge”	
  of	
  
interven%ons	
  reduced	
  
transmission	
  in	
  
Freetown	
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Using  open  data

FASTA	
  file	
  with	
  >1000	
  district-­‐localized	
  
genomes	
  from	
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554  sequences
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175  sequences
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232  sequences
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78  sequences
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49  sequences
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ParXally  observed  transmission  network  (POTN):  fast  and  adaptable
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Likelihood	
  	
  
ra%o	
  
	
  

Tree	
  that	
  only	
  retains	
  likely	
  direct	
  descendants	
  
Good	
  for	
  finding	
  transmission	
  chains	
  

Poisson	
  muta%on	
  model	
  



POTN:	
  
	
  
μ=2x10-­‐3	
  bp/site/year	
  
	
  
	
  
Open	
  circle:	
  origin	
  
Closed	
  dot:	
  des%na%on	
  
	
  
No	
  inferred	
  ancestors,	
  
only	
  likely	
  descendants	
  
	
  
Pruned	
  to	
  shortest	
  linkages	
  
for	
  plot	
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Lévy	
  flight	
  fieng	
  for	
  POTN	
  transmission	
  distances	
  
	
  
Dynamic	
  spa%al	
  model	
  selec%on	
  using	
  gene%c	
  linkages	
  
	
  
A	
  decision	
  tool	
  for	
  adaptable	
  spa%al	
  pafern	
  predic%on	
  

Our  innovaXons




	
  
	
  
Driving	
  distances	
  from	
  
Google	
  Maps	
  API	
  
	
  
Popula%ons	
  from	
  2010	
  
census	
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Let	
  the	
  gravity	
  model	
  
become	
  a	
  	
  	
  	
  	
  
popula%on-­‐weighted	
  
random	
  walk	
  
	
  
Normalized	
  	
  
origin	
  by	
  origin	
  
	
  
50%	
  chance	
  of	
  staying	
  
in	
  origin	
  chiefdom	
  
	
  
Gravity	
  model	
  
concentrates	
  
probability	
  in	
  
popula%on	
  centers	
  



	
  
2)	
  Scan	
  through	
  	
  	
  	
  	
  and	
  	
  	
  
	
  	
  	
  	
  to	
  determine	
  	
  	
  
	
  	
  	
  	
  maximum	
  likelihood	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  gravity,	
  compare	
  	
  
	
  	
  	
  	
  to	
  power	
  law	
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Switching  between  Lévy  flight  and  gravity   



50	
  day	
  windows	
  
	
  
Each	
  window	
  for	
  
descendant	
  linkages	
  
	
  
Using	
  median	
  chiefdom	
  
popula%on	
  

⇢ = 1.7 ⌧2 = 1
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Uncertainty	
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Trend  away  from  gravity  –  using  MLE  esXmates


50	
  day	
  windows	
  
	
  
Gravity	
  model	
  preferred	
  
un%l	
  400	
  days	
  
	
  
Uncertainty	
  in	
  MLE	
  
es%mate	
  is	
  large	
  
	
  
Significance	
  of	
  model	
  
preference	
  low	
  aker	
  400	
  
days	
  
	
  
	
  



Comparison 


   

   
       

   
   
   
  MLE  esXmates


Best	
  to	
  use	
  both	
  
methods	
  	
  
	
  
	
  
Clear	
  success	
  of	
  
Opera%on	
  Western	
  
Area	
  Surge	
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Interven%on	
  surge	
  in	
  Freetown	
  





Summary  and  next  steps


Phylogeography	
  indicates	
  a	
  Lévy	
  flight	
  or	
  weighted	
  Lévy	
  flight	
  /	
  gravity	
  
	
  
Popula%on	
  size	
  is	
  not	
  always	
  predic%ve	
  of	
  transmission	
  pafern	
  
	
  
Adaptable	
  model	
  selec%on	
  for	
  real-­‐%me	
  spa%al	
  dynamics	
  of	
  outbreaks	
  
	
  
Other	
  models	
  and	
  geographies	
  can	
  be	
  implemented	
  for	
  next	
  outbreak	
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