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A	Comparison	of	Mathematical	Modeling	Techniques		
to	Describe	Disease	Spread	in	Healthcare	Settings	

	
Abstract	
Mathematical	modeling	is	a	useful	technique	to	describe	dynamics	happening	within	events	and	
allows	one	to	address	questions	and	test	hypotheses	that	may	not	be	feasible	to	study	in	reality.	
This	work	uses	mathematical	modeling	and	analysis	techniques	to	quantify	the	role	that	
interactions	with	healthcare	workers	and	environmental	pathways	play	in	the	transmission	of	
disease	in	healthcare	settings.	
	
Clostridioides	difficile	(C.	difficile)	is	one	of	the	most	frequently	identified	healthcare-acquired	
infections	in	United	States	hospitals.	Colonized	patients,	both	symptomatic	and	asymptomatic,	shed	
C.	difficile	endospores	that	can	survive	for	long	periods	on	surfaces	outside	the	host	and	are	
resistant	to	many	commonly	used	disinfectants.	Transmission	pathways	can	include	contact	with	
endospores	on	fomites,	objects	likely	to	carry	infection,	as	well	as	healthcare	workers	carrying	
spores	from	contact	with	colonized	or	diseased	patients	or	contaminated	surfaces.		
	
This	project	investigates	the	relative	contribution	of	the	multiple	pathways	to	C.	difficile	
transmission	in	healthcare	settings	to	determine	methods	to	control	disease	spread.	The	student	
researcher	will	develop	a	mathematical	model	using	ordinary	differential	equations	that	describes	
interactions	happening	within	a	hospital	ward	and	use	simulations	to	examine	the	impact	of	the	
role	environmental	surfaces,	healthcare	workers,	and	doctors	contribute	to	patient	colonization.	
This	mathematical	model	will	developed	specifically	to	consider	both	contaminated	and	
uncontaminated	healthcare	workers	to	be	compared	to	previously	developed	mathematical	models	
to	determine	whether	the	best	predicted	control	strategies	are	sensitive	to	the	model	structure.	
	
Introduction	and	Background	
Mathematical	modeling	allows	one	to	describe	dynamics	happening	in	the	real	world	by	translating	
the	knowledge	and	beliefs	of	interactions	into	the	language	of	mathematics.	For	this	reason,	
mathematical	modeling	is	a	useful	technique	used	to	describe	natural	occurrences	and	allows	one	
to	address	questions	and	test	hypotheses	that	may	be	not	be	feasible	to	study	in	reality.		
	
Modeling	interacting	systems	of	the	real	world	requires	compromise.	In	order	to	avoid	complicated	
systems,	mathematical	modelers	must	first	identify	the	most	important	components	in	the	system	
to	include	in	the	model,	excluding	everything	else.	Even	with	these	simplifying	assumptions,	
mathematical	models	can	be	used	to	develop	scientific	understanding,	test	the	effect	of	changes	in	a	
system,	and	aid	in	decision	making.	However,	the	structure	and	assumptions	made	while	
developing	a	particular	mathematical	model	could	be	reflected	when	t





this	reason,	developing	another	model	with	contaminated	and	uncontaminated	HCWs	and	doctors	
may	better	reflect	reality.	
	
Research	Questions	
This	proposed	project	aims	to	answer	the	following	questions:	

1. Which	transmission	pathways	(HCWs,	doctors,	or	the	environment	via	touch	surfaces)	lend	
most	to	nosocomial	colonizations	of	C.	difficile?	

2. Do	mitigation	strategies	differ	based	upon	the	chosen	modeling	structure?	
3. What	are	the	optimal	levels	of	surface	cleaning	and	disinfection	as	well	as	HCW	hand	

hygiene	compliance	to	reduce	C.	difficile	incidence	rates	in	a	hospital	ward?		
	
Approach/Methodology		
Since	C.	difficile	spores	can	survive	for	long	periods	on	fomites	not	adequately	cleaned	or	
disinfected	and	are	correlated	with	infection	rates	in	healthcare	settings,	fomites	can	be	a	
continuous	source	of	transmission.	Additionally,	HCWs	and	doctors	could	be	spreading	the	spores	
due	to	poor	hand	hygiene	compliance.	This	raises	the	question	of	what	contributes	most



mathematical	model,	with	a	structure	similar	to	the	original	environmental	components,	we	were	
able	to	directly	compare	the	routes	of	transmission	to	see	the	primary	contributor	of	patient	
colonization.	In	our	baseline	scenario,	we	found	that	63%	of	the	colonizations	came	from	an	
interaction	with	a	HCW,	17%



times	of	increased	colonizations	and	outbreak,	to	see	how	these	scenarios	modify	the	optimal	
cleaning	and	hand	hygiene	strategies,	among	others.		
	
To	simulate	the	models	and	apply	optimal	control	theory	to	both,	the	student	researcher	will	use	
MATLAB,	which	has	built-in	solvers	for	systems	of	differential	equations,	to	consider	possible	
patient	and	environmental	class	trajectories.	Even	without	prior	programming	experience,	students	
can	learn	the	necessary	tools	in	MATLAB	through	example	codes.	The	student	researcher	will	learn	
the	necessary	optimal	control	theory	techniques	by	conducting	reasonable	textbook	examples	and	
then	applying	the	skills	learned	to	the	existing	mathematical	model.	At	the	conclusion	of	the	
Program,	the	student	researcher	should	have	results	that	could	be	implemented	in	a	hospital	ward	
to	best	reduce	C.	difficile	spread	as	well	as	ideas	for	future	directions	for	the	mathematical	model.	
Additionally,	the	comparison	of	the	two	modeling	techniques	will	further	advance	research	being	
done	in	bio
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Therefore,	a	student	with	little	to	no	coding	experience	could	succeed	as	long	as	they	are	willing	to	
put	in	the	effort.	
	


