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Life	Cycle	of		a	Modeling	Project	



Units	of	Science	

•  Publica9ons	
	
•  Policy	Reports	
	
•  Disserta9ons	
	
•  Presenta9ons	

•  SoTware	



Why	publish?	

•  Communica9on	

•  Career	

•  Peer	Review	



How	do	modeling	projects	differ?	

•  Not	always	necessary	collect	empirical	data	

•  Rely	more	heavily	on	literature	reviews	
	



Development	of	Study	Concept	

•  What	is	your	ques9on?	

•  Why	is	it	interes9ng?	

•  Who	is	interested?	

•  Can	it	be	narrowed	down	to	a	ques9on	about	
specific	quan9ta9ve	rela9onships?	



Review	of	Literature	&	Available	Data	

•  Who	has	tried	to	answer	this	before	and	how	
did	they	do	it?	
– Empirical	studies	
– Modeling	studies	(perhaps	different	pathogen)	
	

•  What	are	these	studies	short-comings?	
	
•  Find	useful	parameter	es9mates	or	data	sets	



Construc9on	of	Modeling	Framework	

•  What	drawbacks	of	previous	studies	can	I	
mi9gate	(if	applicable)	

•  What	modeling	elements	are	necessary	for	my	
ques9on?	
– Stochas9city,	9me	step	size,	compartmental	
structure,	complexity	of	contact	modeling	



Wri9ng	the	Model	&	Producing	Output	

•  What	are	the	1-3	graphical	outputs	that	will	
display	the	answer(s)	to	my	ques9on?	

•  Coding	&	debugging	&	commen9ng	

•  Version	Control	(Git) 	 	 	 		

•  Simula9on	to	verify	methods	&	debug	

•  Write	your	methods	at	this	stage!	



Model	Valida9on	&	Robustness	

•  Sensi9vity	analyses	

•  Model	valida9on	
	
Out-of-sample	predic9on	
Outputs	match	pacerns	that	weren’t	inputs	

•  Comparison	to	alterna9ve	models	



Choose	the	Journal	

•  Where	are	the	majority	of	your	cita9ons?	

•  Journal	scope	statement	(on	their	website)	

•  Other	ar9cles	in	that	journal	

•  Audience	

•  How	mathema9cal	will	your	ar9cle	be?	

•  Text,	figure,	table	limits	



Write-Up	of	Results,	Intro/Discussion	

•  State	assump9ons	clearly	

•  Cri9que	your	own	work		
	 	 	*as	if	you	were	a	reviewer*	





Lauren	Meyers	
UT	Aus9n	

Jonathan	Dushoff	
McMaster	University	

Alison	Galvani	
Yale	University	

Conclusion:	HIV-1	acute	infec9vity	has	been	
substan9ally	overes9mated	



Outline	

1.  Relevance:	Treatment	as	Preven9on	(TasP)	

2.  Measuring	excess	infec9vity	with	EHMacute	

3.  Literature	review	of	past	es9mates	

4.  Re-es9ma9on	of	EHMacute	from	viral	load	

5.  Re-es9ma9on	of	EHMacute	from	the	Rakai	cohort	
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Treatment	as	Preven9on	(TasP)	

Treated	HIV-infected	individuals	
transmit	96%	less	than		

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



Treatment	as	Preven9on	(TasP)	

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

model	fit	to	
	South	African	

	data	



Treatment	as	Preven9on	(TasP)	

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



Universal	Tes9ng	and	Treatment	

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

cluster	randomized	controlled	trials	underway	

“Test	and	Treat”	



Will	“Test	and	Treat”	work?	

•  Logis9cs	

•  Uptake	and	adherence	
	
•  Drug	Resistance	

•  Early	Transmission	
	

How	much	transmission	happens	before		
diagnosis	and	treatment?	

	
	

	



What	propor9on	of	transmission	occurs	early?	
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Eaton	et	al.	2011.	
AIDS	&	Behavior.	



What	propor9on	of	transmission	occurs	early?	

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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What	propor9on	of	transmission	occurs	early?	



Es9mates	of	AFearly:		
propor9on	of	transmission		

<	1	yr	post-infec9on	

Cohen	et	al.	(2011).	NEJM.	

AF
ea
rly
	



What	propor9on	of	transmission	occurs	early?	



What	propor9on	of	transmission	occurs	early?	

9me	since	infec9on	

Here,	we	focus	only	on	biological	infec9vity.	
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2.5X	infec9vity	/	log10	viral	load	

What	affects	biological	infec9vity?	



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

Let’s	take	the	average	viral	load	trajectory	



Let’s	take	the	average	viral	load	trajectory	



All	previous	studies		
assumed	discrete	phases…	

Determining	a	biological	infec9vity	profile	
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2.5X	infec9vity			
log10	viral	load	
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Determining	a	biological	infec9vity	profile	



EHMacute	

compare	to	120	hazard-months	during	10	years	of	infec9on	25	



EHMacute	

compare	to	120	hazard-months	during	10	years	of	infec9on	

comparable	across	
different	

	acute	phase	dura9ons	

25	
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Es9ma9ng	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.	
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Varia9on	in	EHMacute	Es9mates	
Directly	measured	once	by	the	

Rakai	Community	Cohort	Study,	Uganda	
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Compare	to	120	chronic	
phase	hazard-months	

Varia9on	in	EHMacute	Es9mates	
Directly	measured	once	by	the	

Rakai	Community	Cohort	Study,	Uganda	

Most	commonly	cited	es9mates	
EHMacute	=	35	and	71	



Why	reevaluate	EHMacute	es9mates?	

•  Viral	Load	

Con9nuous	trajectory	
instead	of	discrete	phases	

•  Rakai	Retrospec9ve	Cohort	Study	

Biases	due	to	(1)	unmodeled	heterogeneity	
	 	 						(2)	study	design 		
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con9nuous	trajectory	to	
avoid	overes9ma9on	

Determining	a	biological	infec9vity	profile	



Determining	a	biological	infec9vity	profile	



Determining	a	biological	infec9vity	profile	



Varia9on	in	EHMacute	Es9mates	

5.6	
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How	to	directly	measure	acute	infec9vity?	

•  Iden9fy	recently	infected	individuals	

•  Observe	rate	at	which	they	infect	sexual	partners	

• Must	be	switching	between	partners	

• Moral	impera9ve	to	intervene	

	



Uganda	

Rakai	

Rakai	Community	Cohort	Study	



The	Rakai	Retrospec9ve	Cohort	Study	

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

In	a	prospec9ve	popula9on	cohort	study	1994-1999		
	
retrospec9vely	iden9fied		
	
235	stable	couples	observed	serodiscordant	at	least	once	
	

Do	individuals	infect	their	partners	at		
different	rates		

early	vs.	later	in	infec9on?	



Rakai	RetrospecEve	Couples	Cohort	
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Rakai	RetrospecEve	Couples	Cohort	



Rakai	RetrospecEve	Couples	Cohort	

Analyze	couples	observed	
serodiscordant	once	and		
then	followed	up	



Rakai	RetrospecEve	Couples	Cohort	



Rakai	RetrospecEve	Couples	Cohort	

?	

?	



Rakai	RetrospecEve	Couples	Cohort	



Rakai	RetrospecEve	Couples	Cohort	



Rakai	RetrospecEve	Couples	Cohort	

	
7x	infec9ous	for	5	months	

EHMacute	=	30	



Rakai	RetrospecEve	Couples	Cohort	
Sugges9ve	of	HIGH	acute	infec9vity	

	
7x	infec9ous	for	5	months	

EHMacute	=	30	



Why	re-analyze	these	data?	



Heterogeneity	in	Transmission	Rates	

• Host	gene9cs		
•  Circumcision	
• Viral	load		
• Viral	genotype	
•  Coital	Rate	
•  Intercourse	type	(anal,	dry,	vaginal)	
•  Condom	usage	
•  STIs	
•  Coinfec9ons	
• Nutri9on	



“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	
infec9vity	



Bias	2:	Inclusion	Criteria	
HIGH	acute	
infec9vity	
LOW	acute	
infec9vity	



Bias	2:	Inclusion	Criteria	
HIGH	acute	
infec9vity	

Accidentally	excluded	
	~17	couples	sugges9ve	of	low	infec9vity	

LOW	acute	
infec9vity	



Simula9ng	Rakai	Transmission	&	Observa9on	

1.  Simulate	transmission	

2.  Replicate	Rakai	study	design	

	

3.  Apply	published	analyses	to	simulated	data.	

Es9mated	EHMacute	

Input	EHMacute	



Couple	Transmission	Model	

Time

example	rela9onship	history	

sexual	debut	

sexual	debut	

couple	
forma9on	

Bellan	et	al.	(2013).	Lancet.	



Couple	Transmission	Model	

Time

premarital
transmisson

extramarital
transmisson

marital
transmisson

Bellan	et	al.	(2013).	Lancet.	



Couple	Transmission	Model	

Time
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transmisson

extramarital
transmisson

marital
transmisson



Couple	Transmission	Model	

RH
stage

Time

RH
stage

premarital
transmisson

extramarital
transmisson

marital
transmisson

rela9ve	hazard	(RH)	varies	by	HIV	stage	

RHstage	



Couple	Transmission	Model	

Z
M,i
×RH

stage

Time

Z
F,i
×RH

stage

premarital
transmisson

extramarital
transmisson

marital
transmisson

Heterogeneity	

ZM,i
10−3 10−2 10−1 100 101 102 103

σhazard0

1

2
3



Simula9ng	Rakai	Transmission	&	Observa9on	

1.  Simulate	transmission	in	couples	cohort	

2.  Replicate	Rakai	study	design	

	

3.  Apply	published	analyses		
to	simulated	data.	

Es9mated	EHMacute	

Inputs	
ZM,i

10−3 10−2 10−1 100 101 102 103

σhazard0

1

2
3

process-centric	

data-centric	



Bias	Analysis	

input EHMacute

estimated

EHMacute

0

20

40

60

80

100

0 20 40 60 80 100

upwards biased

downwards biased
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Bias	Analysis	

input EHMacute

estimated

EHMacute

0

20

40

60

80

100

0 20 40 60 80 100

unmodeled

heterogeneity

excluded couples



Bias-Adjusted	Es9mates	(ABC-SMC)	

Es9ma9on		
What	inputs	consistent	with	Rakai	data?	

EHMacute	=	8.4	
	

EHMacute	=	30	-	70	
	



Varia9on	in	EHMacute	Es9mates	

Most	commonly	cited	es9mates	
EHMacute	=	35	and	71	



Varia9on	in	EHMacute	Es9mates	

Most	commonly	cited	es9mates	
EHMacute	=	35	and	71	

8.4	Bias-adjusted	



Varia9on	in	EHMacute	Es9mates	

Viral	load	&	Rakai	es9mates	
reconciled	by	adjus9ng	for	biases.	

8.4	

5.3	



Early	propor9on	of	transmission	AFearly?	



What	about	AFearly?	



Conclusions	
•  Acute	infec9vity	substan9ally	overes9mated	
	
•  Early	transmission	less	likely	to	undermine		

	 	Treatment	as	Preven9on	

•  Importance	of	heterogeneity	

Z
M,i
×RH

stage

Time

Z
F,i
×RH

stage

premarital
transmisson

extramarital
transmisson

marital
transmisson

Bellan	et	al.	2015.	PLOS	Medicine.	

process-centric	 data-centric	



Why	publish?	

•  Communica9on	(advance	science	&	policy)	

•  Career	

•  Peer	Review	



How	do	modeling	projects	differ?	

•  Do	not	always	collect	empirical	data	
•  Rely	more	heavily	on	literature	
	



Development	of	Study	Concept	
•  What	is	your	ques9on?	

	 	How	infec9ous	is	acute	phase	of	HIV?	
	
•  Why	is	it	interes9ng?	

	 	Affects	effec9veness	of	TasP	
	
•  Who	is	interested?	

	 	HIV	epidemiologists,	policy	makers	
	
•  Can	it	be	narrowed	down	to	a	ques9on	about	specific	

quan9ta9ve	rela9onships?	
	 	Hazard	ra9o	acute	vs	chronic	
							EHMacute	es9mated	from	available	data	

	



•  Who	has	tried	to	answer	this	before	and	how	did	they	do	it?	
•  What	are	these	studies	short-comings?	
•  Find	useful	parameter	es9mates	or	data	sets	

Review	of	Literature	&	Available	Data	

Time



Construc9on	of	Modeling	Framework	

•  Drawbacks	of	previous	studies	to	mi9gate	
	 	EHMacute	
	 	heterogeneity/study	design	
	 	simula9on	for	valida9on	

	
•  modeling	elements	necessary	for	ques9on	

couple-centric	
stochas9c	
monthly	9me	step	
heterogeneity,	study	design,	variable	infec9vity	
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= 5.6 

Wri9ng	the	Model	&	Producing	Output	
•  What	are	the	1-3	graphical	outputs	that	will	display	the	

answer(s)	to	my	ques9on?	

	
	
	
	

		
•  Coding	&	debugging	&	commen9ng 	 	 		
•  Simula9on	to	verify	methods	&	debug	
•  Write	your	methods	at	this	stage!	



Model	Valida9on	&	Robustness	

•  Sensi9vity/Elas9city	analyses	

•  Model	Valida9on	(out-of-sample	predic9ons)	

•  Comparison	to	alterna9ve	models	



Choose	the	Journal	

•  Journal	scope	statement	(on	their	website)	
“general	interest	on	biomedical,	environmental,	social	and	poli9cal	
determinants	of	health…	emphasizes	work	that	advances	clinical	
prac9ce,	health	policy	or	pathophysiological	understanding	to	
benefit	health”	
	

•  Audience	
epidemiologists,	clinicians,	policymakers,	modelers	

•  How	mathema9cal	will	your	ar9cle	be?	

	slightly,	most	math	in	appendix	(23	pgs,		9	figures,	data)	

•  Text,	figure,	table	limits	



Write-Up	of	Results,	Intro/Discussion	

•  State	assump9ons	clearly	
	
	
	
	
	

S5 Table. Assumptions made by previous analyses of the Rakai retrospective cohort that are relaxed in our re-analysis. 

Study Assumption Bias in 
EHMacute 

Correction  

Wawer et al. 
2005 

All infections and deaths occur exactly 
at the midpoint of the cohort interval in 
which they were observed. 
 

Slight 
downward 

We relax this assumption (as does Hollingsworth et al.) by including a latent 
(unobserved) variable for infection time. 
 

 

Wawer et al. 
2005 
Hollingsworth et 
al. 2008 

Incident, prevalent and late couples are 
different types of couples and real 
couples do not switch between these 
categories.  
 

Slight 
downward 

We relax this assumption by modeling in such a way that each of these 
categories simply represents that the cohort study only observed each couple in 
one of their disease phase categories. 
 

 

Wawer et al. 
2005 
Hollingsworth et 
al. 2008 

Couples were sampled in an unbiased 
manner.  
 

Substantial 
upward 

In reality, couples providing strong evidence for lower acute phase infectivity 
were more likely to be excluded from the Rakai cohort based on exclusion 
criteria of couples lost to follow-up. We relaxed this assumption by explicitly 
including the study inclusion criteria in our model. 
 

 

Wawer et al. 
2005 
Hollingsworth et 
al. 2008 

Transmission rates into couples and 
between serodiscordant partners are the 
same (i.e. homogenous) for all couples.  

Substantial 
upward 

We relaxed this assumption by allowing each individual to have a risk deviate 
that affects their risk of acquiring HIV; risk deviates were sampled from 
lognormal distributions with standard deviations estimated by fitting our 
couples transmission model to the data. 

 

 
!



Submission	

•  Cover	lecer:	
If	journal	isn’t	mathema9cal,		
state	clearly	why	approach	is	appropriate!	



Revisions	

•  Expect	reviewers	to	ques9on	assump9ons	
Helps	you	choose	addi9onal	sensi9vity	analyses	

•  Expect	some	reviewers	to	not	understand	
methods	
Helps	improve	clarity	



Revisions	



Revisions	

“We	believe	that	the	reviewer	misinterpreted	
XXXX	because	we	were	not	clear	enough.	We	
have	clarified	this	by	XXXX.”	
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