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ABSTRACT	 

A	leading	crisis	in	the	United	States	is	the	opioid	use	disorder	(OUD)	epidemic.	Opioid	
overdose	deaths	have	been	increasing,	with	over	100,000	deaths	due	to	overdose	from	
April	2020	to	April	2021.	These	increases	are	due	to	over-prescribing	opioids,	switching	
from	prescription	opioids	to	heroin,	and	the	infiltration	of	illicitly	manufactured	fentanyl.	
This	dissertation	presents	two	mathematical	models	to	address	illicit	OUD,	treatment,	and	
recovery	within	an	epidemiological	framework.	In	the	first	model,	individuals	remain	in	the	
recovery	class	unless	they	relapse.	Due	to	the	limited	availability	of	specialty	treatment	
facilities	for	individuals	with	OUD,	we	incorporated	a	saturation	treatment	function.	Our	
second	model	is	an	extension	of	the	first,	where	we	added	a	casual	user	class	and	its	
corresponding	specialty	treatment	facilities	class.	Using	U.S.	population	data	from	the	CDC	
and	SAMHSA	(2002-2019),	the	data	were	scaled	to	a	population	of	200,000	to	find	
parameter	estimates.	While	our	first	model	used	the	heroin-only	dataset,	the	second	model	
used	both	the	heroin	and	all-illicit	opioids	datasets.	We	found	backward	bifurcation	in	the	
IOUD	model	with	the	heroin-only	dataset	for	realistic	parameter	values.	Additionally,	we	
observed	bi-stability	in	the	IOUD	model	with	a	casual	user	with	the	heroin-only	dataset.	
This	result	implies	that	it	would	be	beneficial	to	increase	the	availability	of	treatment.	An	
alarming	result	was	discovered	about	the	high	overdose	death	rate:	by	2038,	the	disease-
free	equilibrium	would	be	the	only	stable	equilibrium.	This	consequence	is	concerning	
because	we	do	not	want	this	to	result	from	increasing	opioid	overdose	deaths.	Increasing	
police	force	efforts	could	help	keep	the	deadly	fentanyl	off	the	streets.	The	IOUD	model	
with	a	casual	user	class,	PRCC	results,	and	the	comparison	of	parameters	for	both	datasets,	
showed	the	importance	of	not	overlooking	the	influence	that	casual	users	have	in	driving	
the	all-illicit	opioid	epidemic.	Casual	users	have	a	more	significant	influence,	stay	in	the	
casual	user	class	longer,	and	are	not	going	to	treatment	as	quickly	as	the	users	of	the	heroin	
epidemic.	Another	result	was	that	the	users	of	the	all-illicit	opioids	were	going	to	the	
recovered	class	by	means	other	than	specialty	treatment.	However,	the	relapse	rates	for	
those	individuals	were	much	more	significant	than	in	the	heroin-only	epidemic.	Finally,	the	
rate	of	an	individual	moving	independently	into	treatment	showed	up	consistently	as	
significant	for	the	first	IOUD	model.	This	result	suggests	decreasing	stigmatization	and	
promoting	more	readily	available	treatment	options.	The	results	above	from	analyzing	
these	models	may	inform	health	and	policy	officials,	leading	to	more	effective	treatment	
options	and	prevention	efforts.	 
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