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�  Long	Term	Goal:	To	reduce	the	burden	of	foodborne	
disease	associated	with	viruses,	par5cularly	noroviruses	

�  Approach:	Mul5-disciplinary	team	working	in	an	
integrated	manner	to	develop	improved	tools,	skills,	
and	capacity	to	understand	and	control	foodborne	
virus	risks	

�  Objec5ves	(Cores):	
Molecular	virology	
Detec5on	
Epidemiology	and	Risk	Analysis	
Preven5on	and	Control	
Extension	and	Outreach	
Educa5on	and	Capacity	Building	

The USDA-NIFA Food Virology 
Collaborative 
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Detection 

Epidemiology & 
Risk Analysis 

Molecular 
Virology 

Control Strategies  



�  Molecular	Virology:		Develop	improved	methods	to	facilitate	the	
study	of	foodborne	viruses	and	to	further	elucidate	the	significance	
of	viral	foodborne	disease		

�  Detec5on:	Develop	and	validate	sensi5ve,	rapid,	and	prac5cal	
methods	to	detect	and	genotype	human	norovirus	in	relevant	
sample	matrices	

�  Epidemiology	and	Risk	Analysis:	Collect	and	analyze	popula:on	
data	on	the	burden	of	virus-associated	disease,	including	
epidemiological	a=ribu:on	and	characteriza:on	of	risk	and	costs	

�  Preven5on	and	Control:	Improve	understanding	the	occurrence	
and	behavior	of	human	norovirus	in	the	food	safety	con:nuum	so	
as	to	inform	development	of	scien:fically	jus:fiable	control	
measures		

Research Activities 



�  Extension	and	Outreach:		Translate	and	disseminate	new	knowledge	
about	foodborne	viruses	into	prac:ces	that	reach	target	audiences	in	
relevant	work	environments	and	across	a	wide	array	of	stakeholder	
groups	

�  Capacity	Building:		Build	scien:fic	and	human	capacity	to	support	
increased	and	sustained	efforts	in	food	virology	by	fostering	informa:on	
and	exchange,	expanding	professional	capacity	through	formal	student	
educa:on	and	training	ini:a:ves	

Extension, Outreach, & 
Education Activities 
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Partners (Collaborators) 



Stakeholders 
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Core 1:  Molecular Virology 



§  Human	noroviruses	are	the	leading	cause	of	acute	gastroenteri5s	in	
U.S.,	probably	worldwide	

§  Responsible	for	21	million	cases;	70,000	hospitaliza5ons;	and	800	
deaths	annually	(CDC	es5mates)	

§  $2	billion	annually	in	healthcare	and	lost	produc5vity	costs	
§  Responsible	for	>5	million	cases	of	foodborne	disease	annually	

§  Around	food-related	15,000	hospitaliza5ons		annually	[26%,	2nd	in	rank]	
§  Around	150	food-related	deaths	annually	[11%,	4th	in	rank]	

§  Cause	of	food	borne	disease	of	unknown	e5ology?	

Disease Burden 



Core #3:  Epidemiology and 
Risk Analysis 

Foodborne	
15%	

Person-to-
person	
78%	

Waterborne	

Environmental	
0.2%	

Other/Unknown	
7%	

<0.1%	
--Fecal matter vs. 
vomitus 
--Low infectious 
dose 
--High degree of  
shedding 
--Virus persistence 
and resistance 
--Important 
venues 



Foodborne Transmission 

Infected food 
workers cause 
about 70% of  
reported 
norovirus 
outbreaks from 
contaminated 
food.	



Foods Implicated* in Norovirus Outbreaks 
Reported to CDC by Commodity and Point of  

Contamination (2001-2008) 
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	 Produc5on	&	Processing	

Prepara5on	&	Service	
Unknown**	

*Limited	to	outbreaks	with	a	simple	food	(consis5ng	of	a	single	commodity)	implicated	
**Insufficient	or	conflic5ng	informa5on	provided	in	outbreak	report	

Hall et al. 2012. Emerg. Infect. Dis. 18(10):1566-1573. 







Vomit Splatter 

Tung et al., in preparation 







Risk Modeling 

�  NorOPTIMAL	(Norovirus	On-line	Predic5ve	Tool	to	Inves5gate	
Mi5ga5on	ALterna5ves)	is	a	simula5on	model	designed	to	
compare	efficacy	of	different	interven5on	strategies	in	
microenvironments	based	on	health	risk	and	cost	

�  Key	features	of	NorOPTIMAL	
�  “Agent”	based	model	
�  Probabilis5c	simula5on	
�  Inputs	informed	by	research	from	the	collabora5ve	(e.g.,	

transfer	rates)	and	published	literature	
�  Produces	risk	metrics	include	infec5on	probability,	disease	

progression,	and	outbreak	size	



Agents interact according to spatial layout and 
schedule of  activities 



�  Purpose:		Improve	understanding	the	occurrence	and	
behavior	of	human	norovirus	in	the	food	safety	
con5nuum	so	as	to	inform	development	of	
scien5fically	jus5fiable	control	measures.		
•  Ac5vity	4.1:		Evaluate	and	monitor	virus	occurrence	pre-	and	post-

harvest,	including	alterna5ve	microbiological	indicators	

•  Ac5vity	4.2:		Develop/evaluate	novel	an5viral	agents	for	hand	and	
surface	disinfec5on	in	collabora5on	with	industrial	partners	

•  Ac5vity	4.3:		Test	efficacy	of	candidate	technologies	to	remove	
and/or	inac5vate	viruses	and	their	surrogates	in	foods	(pilot	scale)	

•  Ac5vity	4.4:		Move	promising	processing	technologies	toward	
commercializa5on	using	stage-gate	approach	

Core # 4: Prevention & Control 



§  Surfaces   
§  Room temperature:  Days/ weeks 

§  Foods and water 
§  Refrigeration:  Weeks/months/ years 
§  Freezing:  Months/ years 

§  Also depends on surface/food and virus, RH 
§  Transferability 

§  Variable (0.1%->90%) 
§  Depends on moisture, surfaces, pressure, virus 
§  Sequential (10X)  

§  Environmental contamination 
§  Outbreaks  
§  Endemic 

§  Virus concentrations 

§  Persistence and concentration on hands 
§  Airborne? 
§  Relative importance (attribution) 

 

Virus Persistence 



§  Product relevance? 

§  Methods 
§  Refrigeration and freezing 

§  Drying and aw  
§  Conventional preservatives 

§  What about heat? 
§  Surrogates differ in heat resistance 

§  Norovirus and hepatitis A generally 
more resistant 

Inactivation:  ‘Traditional’ Methods 
 in Food Processing 



§  Formulation matters 
§  Efficacy impacted by concentration and contact time 
§  Active compounds (ingredients) 

§  Chlorine, 1,000-5,000 ppm (+) 
§  Benzalkonium chloride chloride (-) 
§  Phenols 
§  Hypochorous acid, up to 250 ppm 
§  Silver dihydrogen citrate 
§  Activated hydrogen peroxide 
§  Emerging technologies 

§  Surface coatings (e.g., light activated fluorinated TiO2) 
§  Copper (>70%) 
§  Nanoparticle technology 

§  Soft surfaces? 
§  Potential drawbacks 

Prevention:  Surface 
Disinfection, Direct Contact 



Copper	as	a	Self	Sani5zing	Surface	

�  Used as antimicrobial 
since ~2500 BC 

�  Copper touch surfaces 
reduce hospital acquired 
infection rates 

�  Broadly antimicrobial 
�  Efficacy against variety of  

viruses and bacteria 
�  Data lacking for human 

noroivirus 

 

 

 

 

Department of  Food, Bioprocessing and Nutrition Sciences 

Salgado et al., 2013 

Hypothesis:	Copper	surfaces	may	be	useful	to	reduce	
environmentally	mediated	human	norovirus	transmission		





Electron Microscopy Results 



What Doesn’t Work 



§  Broad spatial coverage 
§  Potential drawbacks 
§  Application approach and 

concentration matter 
§  Active ingredients 

§  Hydrogen peroxide 
§  ClO2 

§  Others? 
§  Application to clean-up after  

vomiting event or reservoir 
locations like  restrooms? 

§  Soft surfaces? 

Prevention:  Surface Disinfection, 
Indirect Contact (Fogging) 



§  Product type [actives] 
§  Alcohol [60-90%, ethanol, isopropanol, n-propanol] (-) 
§  Povidone-iodine (+/-) 
§  Benzalkonium chloride chloride (-) 
§  Triclosan (-) 
§  Chlorhexidine (-) 
§  “Sanitwice”? 
§  Emerging actives 

§  Copper 
§  Bismuth subsalicylate 
§  Others? 

§  Formulation matters 
§  Product application (volume and time) 
§  Validation/methodological issues 
§  Regulatory/licensing/use issues 

Hand Sanitizers 



ASTM E-1838-02  
(Fingerpad Method) 



Norovirus Strain-Specific Ethanol Sensitivity 



Core #5:  Extension and Outreach 
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Prevention:  Extension and 
Outreach 

§  Audiences 
§  Fresh produce 
§  Shellfish 
§  Retail (food handlers) 
§  Consumers 
§  Public health officials 

§  Methods 
§  Curricula 
§  Training programs 
§  Written materials 

§  Issues 
§  Resources 
§  Evaluation 
§  Compliance 
§  Sustained behavior change 



�  Fresh	Produce	Industry	
�  Contribu5ons	to	na5onal	GAPs	training	curriculum	

�  Molluscan	Shellfish	Industry	(ISSC)	
�  Contribu5ons	to	na5onal	harvester/dealer	training	curriculum	
�  Educa5onal	video	
�  Recrea5onal	boaters	

�  Food	Service/Grocery	Industries	
�  Environmental	sampling	
�  Vomit/fecal	maqer	clean-up	guidelines	

�  Sanita5on	and	Hygiene	Industry	(including	CLIA)	
�  Tes5ng	candidate	technologies	

Core 5:  Extension and Outreach 



�  Website	

�  Comprehensive	reagent/protocol	exchange	
�  VLPs,	glycans,	reverse	gene5cs	systems	
�  CDC	“Pla5num	Panel”	

�  Literature	database	
�  Freely	accessible	papers	to	collaborators	(n>3,000)	
�  Freely	accessible	abstracts	on	Web	

�  Discre5onary	funding	

�  Student	training	
�  Undergrad:		11	(NCSU,	Clemson,	BCM,	Emory,	UGA,	OSU,	IIT)	
�  Grad:		12	(BCM,	Emory,	OSU,	Rutgers,	Clemson,	U-DE,	NCCU,	

GSU,	UGA,	NCSU)	

Core 6:  Capacity Building 



Educational Visuals 
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Hand-Washing 





Summary of  Achievements 
�  Cell	culture	model!	
�  Comprehensive	surrogate	comparison,	Tulane	probably	

most	relevant	
�  Detec5on	

�  Lots	of	ligands	with	broader	reac5vity	
�  Microarrays	for	genotyping	
�  Beqer	understanding	of	infec5vity	dilemma	

�  Key	epidemiological	findings	
�  Improved	understanding	of	disease	burden	
�  Role	of	fresh	produce	and	“complex”	foods	
�  Importance	of	food	handler	
�  Children/elderly	

�  Aerosoliza5on	of	virus	during	vomi5ng	
�  Prototype	risk	model	



Summary of  Achievements 
�  Food	processing	

�  Resistance	to	most	commonly	used	food	processes	
�  Perhaps	more	heat	resistant	than	previously	thought	
�  Novel	processes	of	promise	
�  What	does	not	work	
�  Hurdle	approach?	

�  Sani5zers	and	disinfectants	
�  None	result	in	complete	inac5va5on	at	normal	use	

recommenda5ons	
�  High	concentra5ons	and	long	contact	5mes	necessary,	

par5cularly	on	surfaces	
�  Copper	may	be	promising	



�  Cross	disciplinary,	holis5c	approach	
�  Share	the	wealth	
�  Team-building	is	cri5cal	

�  Time	commitment	by	leadership	

�  Budget	for	support	staff	
�  Money	makes	things	happen!	

�  Inevitable	administra5ve	hurdles	

�  Listen	to	stakeholders	
�  Evalua5on	is	a	challenge!	
�  Others…..	

Lessons Learned 



Follow our progress… 

http://norocore.ncsu.edu 

www.facebook.com/norocore 

@ NoroCORE H 
h 



�  The	ENTIRE	team	

�  ALL	our	stakeholders	
�  The	graduate	students	and	staff	
�  NCSU	administrators	

�  USDA	NIFA	staff	
�  USDA	NIFA,	award	#2011-68003-30395		
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