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Example:	the	reproduc'on	number	R	
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	The	average	number	of	secondary	cases	caused	by	each	infected	individual	

		



1.	Predict	the	poten'al	impact	of	the	outbreak	
2.	Assess	the	feasibility	of	control	measures	
	 	 	 	 		

	
	
	
	

	 	 	 		
	 		
	 	 		

Why	should	we	care	about	R	?		
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(R0)	



1.	Predict	the	poten'al	impact	of	the	outbreak	
2.	Assess	the	feasibility	of	control	measures	
	 	 	 	 	 	 		
	 	 	 	3.	Track	poten'al	changes	in	transmissibility	over	'me	
	 	 	 	4.	Evaluate	the	effec'veness	of	control	measures	

	
	 	 		

Why	should	we	care	about	R	?		
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(R0)	

(Rt)	
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EpiEs'm:	an	open	source	tool	to	es'mate	R	in	real	'me	

hQp://tools.epidemiology.net/EpiEs'm.xls		

hQps://cran.r-project.org/web/packages/EpiEs'm/		package	

Cori	et	al.,	AJE,	2013	

Analy'cal	Bayesian	method		

Likelihood:		

Prior:		
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hQps://github.com/annecori/EpiEs'm	

Incidence	'me	series	

Serial	interval	distribu'on	

Es'mates	of	Rt	
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Using	EpiEs'm	to	quan'fy	R	for	West	African	Ebola	

WHO	Ebola	Response	team,	NEJM,	2014	&	2015	

(Results	shown	for	Sierra	Leone)	

Early	assessment	of		
-  transmission	poten'al		
-  projected	impact	if	no	further	control	

Evalua'on/adjustment		
of	control	measures	
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Using	EpiEs'm	to	quan'fy	R	for	West	African	Ebola	

WHO	Ebola	Response	team,	NEJM,	2014	&	2015	

(Results	shown	for	Sierra	Leone)	

R0	=	2.02	[1.79-2.26]	
(similar	to	previous	outbreaks)	

Early	assessment	of		
-  transmission	poten'al		
-  projected	impact	if	no	further	control	

Evalua'on/adjustment		
of	control	measures	

September	2014	
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Using	EpiEs'm	to	quan'fy	R	for	West	African	Ebola	

WHO	Ebola	Response	team,	NEJM,	2014	&	2015	

(Results	shown	for	Sierra	Leone)	

R0	=	2.02	[1.79-2.26]	
(similar	to	previous	outbreaks)	

Early	assessment	of		
-  transmission	poten'al		
-  projected	impact	if	no	further	control	

Evalua'on/adjustment		
of	control	measures	

September	2014	 March	2015	December	2014	
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Using	EpiEs'm	to	understand	drivers	of	transmissibility	
and	quan'fy	their	impact		

Ripley	and	Thompson,	Analyst	1987;	R	package	deming;	WHO	Ebola	Response	team,	PLoS	Med	2016	

•  Rt	for	a	given	district/month	was	correlated	with…	

Guinea 
Liberia 
Sierra Leone 

1.	Propor'on	of	cases		
repor'ng	funeral	exposure	

2.	Propor'on	of	cases	hospitalised		
within	4	days	of	symptoms	onset	

Could	be	used	to	design	targets	(e.g.	propor'on	of	cases	to	hospitalise	<X	days	ager	
symptoms	onset)	&	as	a	first	step	to	building	more	complex	mechanis'c	models	
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Using	modelling	to	assess		
the	role	of	rapid	diagnos'c	tools	for	Ebola	

Nouvellet	et	al.	Nature	2015	

PCR	
Slow	

Sensi've	and	specific	

RDT	
Fast	

Less	sensi've	and	specific	

?	
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Using	modelling	to	assess		
the	role	of	rapid	diagnos'c	tools	for	Ebola	

Nouvellet	et	al.	Nature	2015	

RDT	used	to	
sort	pa'ents.	

Pa'ents	awai'ng	PCR	
result	isolated	in	holding	
ward.	

Pa'ents	reclassified	ager	PCR	
results	confirm	infec'on,	high	
chance	of	originally	
uninfected	pa'ents	now	
being	infected.	

PCR	results	confirm	infec'on,	
nega've	pa'ents	discharged,	
high	chance	of	originally	
uninfected	pa'ents	now	being	
infected.	

RDT	nega've	and	RDT	posi've	
pa'ents	isolated	in	different	holding	
wards,	awai'ng	PCR	result.	RDT	may	
give	false	posi'ves	or	false	
nega'ves.	

	(a
)	P

CR
	-O

nl
y	

	(b
)	D

ua
l	S
tr
at
eg

y	
(c
)	R

DT
-O
nl
y	

RDT	used	to	
sort	pa'ents.	

RDT	posi've	pa'ents	are	isolated	and	
treated,	RDT	nega've	pa'ents	are	
discharged.	RDT	false	posi've	may	mean	
uninfected	pa'ents	are	incorrectly	diagnosed	
and	false	nega'ves	may	mean	infected	
pa'ents	are	discharged.	

PCR	

RDT	

Key	

Uninfected	

Infected	(and	
infec'ous)	

Newly	
infected	

Isola'on	

Low	risk	 High	risk	
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Using	modelling	to	assess		
the	role	of	rapid	diagnos'c	tools	for	Ebola	

Nouvellet	et	al.	Nature	2015	



	
Cori	et	al.	Phil	Trans	R	Soc	B,	in	press	

Learning	from	the	Ebola	experience:	
Formalising	the	ques'ons	modellers	can	help	answering	
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What is the likely public health impact of the outbreak?

How feasible is controlling the outbreak and what interventions would be 
appropriate?

Time

Are current interventions effective and could they be improved?

Outbreak 
detected

Interventions 
implemented

Genetic
studies

Case records

Serology

Where does the 
data come from?

Census

Centralised 
systems

Trials

Lab results

Surveillance

Contact tracing

•  Other	recurring	ques'ons	of	interest	in	the	field?		
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Clarifying	what	data	are	needed	to	answer	each	ques'on	
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Some	ongoing	work	since	Ebola:	
	

Developing	automated	frameworks	for	incidence	forecas'ng	
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Incidence	forecas'ng:	how	did	we	do?	

20	
WHO	Ebola	Response	team,	NEJM,	2014	&	2015;	 	Nouvellet	et	al.,	Epidemics,	2017	
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Towards	real-'me,	automated,	spa'ally	explicit	
	incidence	forecas'ng?		
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hQps://github.com/healthsites/mRIIDS	



MRIIDS	prototype	for	Ebola	in	West	Africa	in	progress	
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Conclusions	
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More	and	more	tools	available	to	assist	modelling	during	outbreaks	

They	should	be	flexible,	tested	&	documented,	and	freely	available		

They	need	to	talk	to	one	another	
	

They	need	to	answer	ques'ons	that	are	useful	to	contain	outbreaks	in	prac'ce	
	

BUT:	realis'cally	we	cannot	rely	ONLY	on	such	tools;	some'mes	need	to	expand	

to	answer	more	specific	ques'ons	in	a	given	context	
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