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• Fecal-oral transmission
• Humans only 
• “Within a day of infection, noroviruses have rewired our digestive 

system so that stuff comes flying out from both ends” – Carl 
Zimmer in a recent National Geographic article. 

– Vomiting, watery diarrhea, nausea, and abdominal pain.
– Usually self limiting, but in some instances (individuals with weak 

immune systems), complications from dehydration can develop.
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Controlling Foodborne
Illness Outbreaks at Retail

• The CDC identifies 5 major risk 
factors contributing to foodborne 
illness outbreaks:

1. Poor personal hygiene
2. Food from unsafe sources
3. Improper cooking 
4. Improper holding 

(time/temperature)
5. Contaminated equipment
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Most recent (2013-2014) results from FDA’s 10-year risk factor study, representing 425 
Fast Food Restaurants and 396 Full-Service Restaurants. Available at 
https://www.fda.gov/media/117509/download  



Epidemiological Significance

 Human norovirus (hNoV) responsible for ~20-25% of 
gastroenteritis worldwide

 Modes of transmission 
 Predominantly person-to-person (~20 million annual total U.S.)
 20-25% of cases foodborne (5+ million annual total U.S.))

 Leading cause of foodborne illness in the U.S. 
• Infected food handlers cause about 70% of reported norovirus 

outbreaks from contaminated food (when a cause is found)
• In over half of these cases the workers had barehand contact with 

ready-to-eat foods (Hall et al., 2014)

 Based on analysis of CDC NORS data (Hall et. al., 2012)

• 64% Restaurants
• 17% Catering/banquet facilities
• 13% Other



Virus Features Impacting Risk 
and Control Strategies

Low infectious dose
Copious shedding in feces of infected individuals

Role of vomiting 
Ease of contamination of surfaces and hands

Environmental persistence



Human Norovirus Infectivity and Shedding
 Low infectious dose (≥18 viral particles; closer to 100-1,000?)
 Copious shedding (105–1011 viral copies per gram of feces),  even 

among asymptomatic infections
 Lower degrees of shedding post-symptomatically, but extended
 Justification for exclusion of ill food workers

Atmar et al. 2008. Emerg Infect Dis.14(10):1553-7. 

Asymptomatic Vomiting/Diarrhea



Estimated Virus Concentrations
hNoV conc’:    1-100 million (M)    100,000-10 M           10,000-1 M             1,000-100,000 

Fecal inoculum:   1 g                             1/10th g                      1/100th g                  1/1,000th g 



Contamination of Hands

 Hand carriage in 
experimentally-infected 
individuals (Liu et al., 2013)

• While more common with those 
with symptoms, there was a case of 
hand contamination in an uninfected 
person who had been in the room of 
someone who was infected.

 Justification for hand 
hygiene and no bare 
contact with RTE foods



Justification for vomit and fecal material clean-up guidelines



Environmental Persistence--
Experimental

From:  Cook et al. 2016. J. Food Prot. 79:1273-1294



From:  Kramer A. BMC Infectious Diseases 2006;6:130

Pathogen
Duration of 
Persistence

Norovirus 2 hours or more

Hepatitis A 5.5 to 7.7 hours

Influenza A 1/2 hour to 1 hour
Escherichia coli Up to 1 ½ hour

Klebsiella
pneumoniae

Up to 1 ½ hour

Shigella Up to 3 hours

Serratia marcescens Up to 1 ½ hour

Staphylococcus 
aureus Up to1 ½ hour

Pathogen Survival on Skin

11



From:  Kramer A. BMC Infectious Diseases 2006;6:130

Type of Pathogen Duration of Persistence
Escherichia coli 1.5 hours - 16 months

Norovirus 4 - 6 weeks
Hepatitis A 3 weeks

Listeria spp. 1 day - months
Salmonella typhi 6 hours - 4 weeks

Staphylococus aureus, incl. 
MRSA 7 days - 7 months

Shigella 2 - 28 days
Campylobacter 1- 4 hours

Pathogen Survival on Surfaces
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 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
 Relative importance of hands, surface, air to foodborne transmission 

(attribution)?

Human Norovirus Persistence



The Conundrum:  Reliability of Cultivable 
Surrogates

From:  Cromeans et al., 
App. Environ. Microbiol,
2014.

--Human norovirus is non-cultivable
--Regulatory considerations
--What do the data show?
--Ethanol, pH, chlorine
--Can one use molecular methods and 
HuNoV in place of the surrogates? 



Surface Sanitizing and Disinfection
 Formulation matters
 Application approach is important
 Label claim issues
 Efficacy impacted by concentration, contact time, soil
 Actives (ingredients)
 Chlorine, 1,000-5,000 ppm (+)
 Benzalkonium chloride chloride (-)
 Phenols (-)

 Other products
 Hypochlorous acid, up to 250 ppm
 Silver dihydrogen citrate
 Activated hydrogen peroxide

 Soft surfaces?



Bleach Surface Assays
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Quaternary Ammonium Compounds (QAC) 
Efficacy Summary







What We Don’t Know 
 Effect of wiping on:
 Disinfection efficacy
 Removal vs. “killing” vs. spreading
 Cross-contamination

 Variables impacting wiping efficacy
 Cloth type/Disinfectant type
 Surface type
 “Wetness”
 Pressure
 Time
 Soil



A Word About Hand Sanitizers
 Formulation matters

 Product type [actives]
 Alcohol [70-90%, ethanol, 

isopropanol,  n-propanol] 
(+/-)

 Benzalkonium chloride 
chloride (-)

 Triclosan (-)
 Povidone-iodine (+/-)

 Product application 
(volume and time)

 Validation issues

 Regulatory-licensing-use 
issues



Novel Technologies
What are they?

How do we know they work?
Where should they be used?

Validation



Where is Residual Contamination?





Novel Technologies:  Examples

 Novel sanitizer and disinfectant formulations

 Antimicrobial surfaces (e.g., copper)

 Electrostatic sprayers and fogging

 Hand and surface sanitizers/films with “residual” activity

 UV-C and ozone

 HEPA filtration

 Textile treatments





Evaluation Criteria

 Licensing for label claims?

 HUMAN norovirus (not surrogates)

 ‘Standardized’ assays

 Need DATA!
 Strains
 Study design
 Multiple experimental methods to characterize infectivity

 Don’t get pulled into the hype

 Ask for proof



Clean-Up Guidelines

 Evidence-based
 Detailed procedural steps for vomit 

and fecal matter clean-up
 Editable and customizable for the 

facility 
 Resulted in revised Section C of the 

Food Code requiring written clean-up 
documents for vomiting and fecal 
contamination events



Conclusions
 Prevention (P) will lower risk more than will Inactivation (I)
 There are scientifically-valid reasons for interventions

 Exclusion of ill workers (P)
 Preventing bare hand contact with RTE foods (P)
 Hand-hygiene (washing) (P and I)
 Surface sanitizing and disinfecting (I)
 Vomit/fecal matter cleaning guidelines (I)

 Regulatory changes needed relative to licensing for anti-
hNoV claims

 Need for better actives and product formulations for: 
 Surface sanitizing and disinfecting
 Hand hygiene 
 Proactive controls

 Clean before disinfecting/sanitizing
 Education of essential workforce
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