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Treatment	  reduces	  
infec1ousness	  96%	  

Cohen	  et	  al.	  (2011).	  NEJM	  
Granich	  et	  al.	  (2009).	  Lancet.	  
	  

Treatment	  as	  Preven1on	  (TasP)	  

Early	  transmission	  is	  
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Directly	  measured	  by	  
Rakai	  Community	  

Cohort	  Study,	  Uganda	  
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Rakai	  Es1mates	  considered	  best	  

our	  es1mate	  



Rakai	  es1mates	  are	  substan1ally	  upwards-‐biased.	  
	  

Iden1fied	  biases	  by	  simula1ng	  	  
transmission	  &	  study	  design.	  

	  



How	  to	  measure	  acute	  infec1vity?	  

•  Iden1fy	  recently	  infected	  individuals	  

•  Observe	  rate	  at	  which	  they	  infect	  sexual	  partners	  

• Must	  be	  switching	  between	  partners	  

• Moral	  impera1ve	  to	  intervene	  

	  



Uganda	  

Rakai	  

Rakai	  Community	  Cohort	  Study	  
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Rakai	  Retrospec0ve	  Couples	  Cohort	  

Analyze	  couples	  observed	  
serodiscordant	  once	  and	  	  
then	  followed	  up	  
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Rakai	  Retrospec0ve	  Couples	  Cohort	  

	  
7x	  infec1ous	  for	  5	  months	  

EHMacute	  =	  30	  



Rakai	  Retrospec0ve	  Couples	  Cohort	  
Sugges1ve	  of	  HIGH	  acute	  infec1vity	  

	  
7x	  infec1ous	  for	  5	  months	  

EHMacute	  =	  30	  



Why	  re-‐analyze	  these	  data?	  



Heterogeneity	  in	  Transmission	  Rates	  

• Host	  gene1cs	  	  
•  Circumcision	  
• Viral	  load	  	  
• Viral	  genotype	  
•  Coital	  Rate	  
•  Intercourse	  type	  (anal,	  dry,	  vaginal)	  
•  Condom	  usage	  
•  STIs	  
•  Coinfec1ons	  
• Nutri1on	  



“Naïve”	  Couples.	  
Some	  are	  high	  risk	  

Persistently	  serodiscordant.	  
Selected	  to	  be	  low	  risk	  

Bias	  1:	  Unmodeled	  Heterogeneity	  



Average	  risk	  	  
acutely	  infected	  partners	  

Low	  risk	  	  
chronically	  infected	  partners	  

Bias	  1:	  Unmodeled	  Heterogeneity	  

Unmodeled	  heterogeneity	  might	  
bias	  EHMacute	  upwards	  



Bias	  2:	  Inclusion	  Criteria	  

HIGH	  acute	  
infec1vity	  
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Bias	  2:	  Inclusion	  Criteria	  

HIGH	  acute	  
infec1vity	  

Accidentally	  excluded	  
	  ~17	  couples	  sugges1ve	  of	  low	  infec1vity	  

LOW	  acute	  
infec1vity	  



Simula1ng	  Rakai	  Transmission	  &	  Observa1on	  

1.  Simulate	  transmission	  

2.  Replicate	  Rakai	  study	  design	  

	  

3.  Apply	  published	  analyses	  to	  simulated	  data.	  

Es1mated	  EHMacute	  

Input	  EHMacute	  



Couple	  Transmission	  Model	  
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Bellan	  et	  al.	  (2013).	  Lancet.	  



Couple	  Transmission	  Model	  
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Bellan	  et	  al.	  (2013).	  Lancet.	  
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Simula1ng	  Rakai	  Transmission	  &	  Observa1on	  

1.  Simulate	  transmission	  in	  couples	  cohort	  

2.  Replicate	  Rakai	  study	  design	  

	  

3.  Apply	  published	  analyses	  	  
to	  simulated	  data.	  

Es1mated	  EHMacute	  

Inputs	  
ZM,i

10<3 10<2 10<1 100 101 102 103

mhazard0

1

2
3

process-‐centric	  

data-‐centric	  



Bias	  Analysis	  
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Bias-‐Adjusted	  Es1mates	  (ABC-‐SMC)	  

Es1ma1on	  	  
What	  inputs	  consistent	  with	  Rakai	  data?	  

EHMacute	  =	  8.4	  
	  

EHMacute	  =	  30	  -‐	  70	  
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Conclusions	  
•  Acute	  infec1vity	  substan1ally	  overes1mated	  
	  
•  Early	  transmission	  less	  likely	  to	  undermine	  	  

	   	  Treatment	  as	  Preven1on	  

•  Importance	  of	  heterogeneity	  

Z
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Bellan	  et	  al.	  2015.	  PLOS	  Medicine.	  

process-‐centric	   data-‐centric	  
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