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Treatment	  as	  Preven5on	  (TasP)	  

Treated	  HIV-‐infected	  individuals	  
transmit	  96%	  less	  than	  	  

untreated	  HIV-‐infected	  individuals	  
Cohen	  et	  al.	  (2011).	  NEJM.	  



Treatment	  as	  Preven5on	  (TasP)	  

adapted	  from	  Granich	  et	  al.	  (2009).	  Lancet.	  

model	  fit	  to	  
	  South	  African	  

	  data	  



Treatment	  as	  Preven5on	  (TasP)	  

adapted	  from	  Granich	  et	  al.	  (2009).	  Lancet.	  



Universal	  Tes5ng	  and	  Treatment	  

adapted	  from	  Granich	  et	  al.	  (2009).	  Lancet.	  

cluster	  randomized	  controlled	  trials	  underway	  

“Test	  and	  Treat”	  



Will	  “Test	  and	  Treat”	  work?	  

•  Logis5cs	  

•  Uptake	  and	  adherence	  
	  
•  Drug	  Resistance	  

•  Early	  Transmission	  
	  

How	  much	  transmission	  happens	  before	  	  
diagnosis	  and	  treatment?	  
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AIDS	  &	  Behavior.	  
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Eaton	  et	  al.	  2011.	  
AIDS	  &	  Behavior.	  

Alam	  et	  al.	  2013.	  
Epidemics.	  
Romero-‐Severson	  et	  al.	  
2013.	  	  Epidemiolgy.	  

Henry	  &	  Koopman.	  
2015.	  	  Sci	  Reports.	  
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Es5mates	  of	  AFearly:	  	  
propor5on	  of	  transmission	  	  

<	  1	  yr	  post-‐infec5on	  

Cohen	  et	  al.	  (2011).	  NEJM.	  
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What	  propor5on	  of	  transmission	  occurs	  early?	  

5me	  since	  infec5on	  

Here,	  we	  focus	  only	  on	  biological	  infec5vity.	  
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What	  affects	  biological	  infec5vity?	  

Assume	  constant	  strain	  infec5vity	  
for	  now.	  



Infec5vity-‐Viral	  Load	  Rela5onship	  
2.5X	  infec5vity	  /	  log10	  viral	  load	  



Robb	  (2012).	  AIDS	  Vaccine	  2012.	  PL02.02.	  

Let’s	  take	  the	  average	  viral	  load	  trajectory	  
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EHMacute	  

compare	  to	  120	  hazard-‐months	  during	  10	  years	  of	  infec5on	  

comparable	  across	  
different	  

	  acute	  phase	  dura5ons	  

25	  
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Es5ma5ng	  EHMacute	  Indirectly	  

•  Viral	  load	  trajectories	  

	  
	  

•  Fast	  epidemic	  growth	  
explainable	  by	  	  

•  early	  transmission	  
•  behavioral	  change	  
•  behavioral	  heterogeneity	  

HI
V	  
Pr
ev
al
en

ce
	   Lilongwe,	  Malawi	  

Powers	  et	  al.	  (2011).	  Lancet.	  



Compare	  to	  120	  chronic	  
phase	  hazard-‐months	  

Varia5on	  in	  EHMacute	  Es5mates	  



Compare	  to	  120	  chronic	  
phase	  hazard-‐months	  

Varia5on	  in	  EHMacute	  Es5mates	  



Compare	  to	  120	  chronic	  
phase	  hazard-‐months	  

Varia5on	  in	  EHMacute	  Es5mates	  



Compare	  to	  120	  chronic	  
phase	  hazard-‐months	  

Varia5on	  in	  EHMacute	  Es5mates	  
Directly	  measured	  once	  by	  the	  

Rakai	  Community	  Cohort	  Study,	  Uganda	  



Compare	  to	  120	  chronic	  
phase	  hazard-‐months	  

Varia5on	  in	  EHMacute	  Es5mates	  
Directly	  measured	  once	  by	  the	  

Rakai	  Community	  Cohort	  Study,	  Uganda	  

Most	  commonly	  cited	  es5mates	  
EHMacute	  =	  35	  and	  71	  



Why	  reevaluate	  EHMacute	  es5mates?	  

•  Viral	  Load	  

Con5nuous	  trajectory	  
instead	  of	  discrete	  phases	  

•  Rakai	  Retrospec5ve	  Cohort	  Study	  

Biases	  due	  to	  (1)	  unmodeled	  heterogeneity	  
	   	   	  	  	  	  	  	  (2)	  study	  design 	  	  
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con5nuous	  trajectory	  to	  
avoid	  overes5ma5on	  

Determining	  a	  biological	  infec5vity	  profile	  



Determining	  a	  biological	  infec5vity	  profile	  



Determining	  a	  biological	  infec5vity	  profile	  



Varia5on	  in	  EHMacute	  Es5mates	  

5.6	  
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Direct	  Measurement	  of	  Acute	  Infec5vity	  

•  Iden5fy	  recently	  infected	  individuals	  

•  Observe	  rate	  at	  which	  they	  infect	  sexual	  partners	  

• Must	  be	  switching	  between	  partners	  

• Moral	  impera5ve	  to	  intervene	  

	  

Very	  challenging	  and	  only	  done	  once!	  



The	  Rakai	  Retrospec5ve	  Cohort	  Study	  

Wawer	  et	  al.	  (2005).	  Journal	  of	  InfecEous	  Disease.	  

In	  a	  prospec5ve	  popula5on	  cohort	  study	  1994-‐1999	  	  
	  
retrospec5vely	  iden5fied	  	  
	  
235	  stable	  couples	  observed	  serodiscordant	  at	  least	  once	  
	  

Do	  individuals	  infect	  their	  partners	  at	  	  
different	  rates	  	  

early	  vs.	  later	  in	  infec5on?	  
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acute	  

chronic	  
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The	  Rakai	  Retrospec5ve	  Cohort	  Study	  

EHMacute	  =	  35	  to	  71	  depending	  on	  analysis	  

Concluded	  acute	  infec5vity	  >>>	  expected	  based	  on	  viral	  load	  



Heterogeneity	  in	  Transmission	  Rates	  

• Host	  gene5cs	  (e.g.	  CCR5)	  
•  Circumcision	  
• Viral	  load	  of	  infected	  partner	  
• Viral	  genotype	  of	  infected	  partner	  
•  Coital	  Rate	  
•  Intercourse	  type	  (anal,	  dry,	  vaginal)	  
•  Condom	  usage	  
•  STIs	  
•  Coinfec5ons	  
• Nutri5on	  



“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	  
infec5vity	  



Bias	  2:	  Inclusion	  Criteria	  
HIGH	  acute	  
infec5vity	  

LOW	  acute	  
infec5vity	  



Accidentally	  excluded	  couples	  sugges5ve	  of	  	  	  
low	  infec5vity	  

Bias	  2:	  Inclusion	  Criteria	  
HIGH	  acute	  
infec5vity	  

LOW	  acute	  
infec5vity	  



Simula5ng	  Rakai	  Transmission	  &	  Observa5on	  

1.  Simulate	  transmission	  in	  couples	  cohort	  

2.  Replicate	  Rakai	  study	  design	  

	  

3.  Apply	  published	  analyses	  	  
to	  simulated	  data.	  

Es5mated	  EHMacute	  

Input	  EHMacute	  



Couple	  Transmission	  Model	  

Time

example	  rela5onship	  history	  

sexual	  debut	  

sexual	  debut	  

couple	  
forma5on	  

Bellan	  et	  al.	  (2013).	  Lancet.	  



Couple	  Transmission	  Model	  

Time

premarital
transmisson

extramarital
transmisson

marital
transmisson

Bellan	  et	  al.	  (2013).	  Lancet.	  



Couple	  Transmission	  Model	  

RH
stage

Time

RH
stage

premarital
transmisson

extramarital
transmisson

marital
transmisson

stage-‐dependent	  transmission	  

RHstage	  



Couple	  Transmission	  Model	  

Z
M,i
×RH

stage

Time

Z
F,i
×RH

stage

premarital
transmisson

extramarital
transmisson

marital
transmisson

Heterogeneity	  
Z!,!~logNormal(1,!!"#"$%) 

! ZM,i
10<3 10<2 10<1 100 101 102 103

mhazard0

1

2
3



Simula5ng	  Rakai	  Transmission	  &	  Observa5on	  

1.  Simulate	  transmission	  in	  couples	  cohort	  

2.  Replicate	  Rakai	  study	  design	  

	  

3.  Apply	  published	  analyses	  	  
to	  simulated	  data.	  

Es5mated	  EHMacute	  

Inputs	  
ZM,i

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

mhazard0

1

2
3



Simula5ng	  Rakai	  Transmission	  &	  Observa5on	  

Bias	  Analysis	  

Es5mates	  =	  Input	  Parameters	  ?	  

If	  not,	  what	  drives	  bias?	  

Es5ma5on	  with	  ABC-‐SMC	  
What	  inputs	  generate	  data	  like	  the	  actual	  Rakai	  data?	  
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Varia5on	  in	  EHMacute	  Es5mates	  

Most	  commonly	  cited	  es5mates	  
EHMacute	  =	  35	  and	  71	  

8.4	  Bias-‐adjusted	  



Varia5on	  in	  EHMacute	  Es5mates	  

Viral	  load	  &	  Rakai	  es5mates	  
reconciled	  by	  adjus5ng	  for	  biases.	  

8.4	  

5.3	  



Early	  propor5on	  of	  transmission	  AFearly?	  



What	  about	  AFearly?	  



Conclusions	  
•  Acute	  infec5vity	  not	  significantly	  greater	  than	  expected	  by	  

viral	  load-‐infec5vity	  rela5onship	  

	  
	  
•  Both	  EHMacute	  es5mates	  <<<	  previous	  es5mates	  
	  
	  
	  
•  Role	  of	  early	  transmission	  likely	  overes5mated	  

•  Acute	  HIV	  less	  likely	  to	  undermine	  TasP	  

Simula5on	  of	  study	  design	  &	  observa5on	  to	  iden5fy	  biases	  



•  Simula5on	  of	  transmission	  and	  study	  design/analysis	  	  
	  
•  Arose	  from	  GA	  Tech	  Modeling	  Conference	  in	  Jan	  2015	  

•  In	  collabora5on	  with	  CDC	  (Lopman,	  Gambhir,	  Vaccine	  Team)	  

•  Ethical	  &	  sta5s5cal	  merits	  of	  Stepped	  Wedge	  vs	  RCT	  

•  EVD	  incidence	  declining	  &	  spa5otemporally	  variable	  
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