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goals 

•  Brief overview of supplementary papers  
– Cori et al. 
– Bellan et al. 
– Halloran et al. 





Research question 

•  Objective: 
– Develop a mathematical model to aid in the 

design of a CRT that seeks to test whether 
widespread provision of ART is feasible and 
can HIV incidence at the population level 

•  Question: 
–  Is widespread provision of ART feasible and 

can it significantly reduce HIV incidence at 
the population level 



Background 

•  Early ART initiation can reduce HIV 
transmission (96%) in serodiscordant 
couples  

Cohen	MS,	Chen	YQ,	McCauley	M,	Gamble	T,	Hosseinipour	MC,	et	al.	(2011)	PrevenCon	of	HIV-1	infecCon	with	
early	anCretroviral	therapy.	N	Engl	J	Med	365:	493–505.	



Cluster randomized trial 

•  Involve 21 communities in Zambia and SA 
•  3 study arms: 

– A: Universal ART 
– B: ART according to national guidelines 

(CD4<350) 
– C: Control 

•  HBT and counselling, male circumcision, 
PMTCT, treatment of STIs, condom, ART 



Modelling 

•  Indirect effect (benefit) to people in the 
population not receiving treatment 

•  When you have a multiple interventions 



Method 

•  Deterministic compartmental (ODE) 
model of HIV transmission  

•  Simple models which represents different 
scenarios in the trial 

•  Individuals classified by: 
– Sex  
–  Infection status (S&I) 
– Sexual risk propensity (high/medium/low) 







Figure 3. Model fit and projections under central target scenario for Zambia (top row) and South 
Africa (bottom row). 

Cori	A,	Ayles	H,	Beyers	N,	Schaap	A,	Floyd	S,	et	al.	(2014)	HPTN	071	(PopART):	A	Cluster-Randomized	Trial	of	the	PopulaCon	Impact	of	an	HIV	
CombinaCon	PrevenCon	IntervenCon	Including	Universal	TesCng	and	Treatment:	MathemaCcal	Model.	PLOS	ONE	9(1):	e84511.	h_ps://doi.org/
10.1371/journal.pone.0084511	
h_ps://journals.plos.org/plosone/arCcle?id=10.1371/journal.pone.0084511	



Main finding 

•  HIV incidence over 3 years reduced by 
– >60% in arm A relative to arm C 
– >25% in arm B relative to arm C 





Research question 

•  Question: Which study design should we 
use to evaluate the efficacy of Ebola 
vaccine in Sierra Leone? 

•  Designs: individually RCT and SWCT 
•  RCT present ethical dilemma 
•  Pathogen: Ebola 



Method 

•  Step 1: stochastic exponential decay 
model to Ebola incidence in Sierra Leone 
and use it to make district level 
projections (a rough estimate) 

•  Step 2: simulate trial population with 20 
clusters  

•  Step 3: simulate study designs 
•  Step 4: statistical analysis 



Simulating study designs 

•  Assume same logistical constrains for 
both SWCT and RCT (vaccinate one cluster 
per week) 
– Normal RCT  
– Fast RCT (2 clusters vaccinated each week) 

•  SWCT: clusters vaccinated at random 
order 

•  RCT: clusters vaccinated in random order 
or prioritized according to risk 



Schematic diagram of trial designs 	



False-positive rates by trial design and analysis 



Statistical power by trial design and expected infection 
risk to trial participants 





Overview 

•  Discusses the challenges that arises when 
designing intervention trials in infectious 
diseases and how computer simulations 
can be used to address these challenges 
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