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Quantitative risk assessment of norovirus transmission 
in food establishments: evaluating the impact of 

intervention strategies and food employee behavior on 
the risk associated with norovirus in foods 



• What is a risk assessment?  How can it help us? 
• Why we did a risk assessment on NoV from infected 

food employees in food establishments, and what 
can it tell us? 

• How we developed the risk assessment. 
• Results of the risk assessment. 
• Using risk assessments to solve food safety problems 

at retail. 

Today’s Outline 

Presenter
Presentation Notes
There are 4 Main Stages to build a risk assessment:“Develop the RA Charge Question”:  Gather data and define the problem to develop the risk assessment question.“Gather and evaluate data and design mathematical model to answer the charge question---i.e.. decide whether to build quantitative, qualitative, or risk ranking modelIncorporate data into model.Evaluate and update model as necessary to determine final results. 



• A powerful public health tool that facilitates the application of 
science to policy— provides the “informational bridge” between 
data & decisions 
 

• A process to describe what we know and how certain we are of 
what we know.  

  
Answers 4 key questions:   

• What can go wrong? 
• How likely is it to occur? 
• What are the consequences? 
• What factors can influence it? 

 
 

Risk Assessment 

Presenter
Presentation Notes
 In risk assessments, we figure out where the risks of contamination are, in the many steps it takes to get different kinds of foods from the farm to the table. Then we use scientific evidence and calculations to predict what the best ways are of preventing contamination by specific substances in specific foods.  In other words:  “Risk assessments tell us where the risks of contamination are in food processing, and which methods are most effective in preventing or reducing food contamination & foodborne illness”. A Risk Assessment Answers 4 Key Questions for us:1. What can go wrong?  2. How likely is it to occur?  3.What are the consequences? And   4.What factors can influence it?Our scientists begin by gathering information about a contaminant – a bacterium or virus, for example – and about what conditions it needs to survive or grow in a given food. The scientists collect information about how that food is grown, transported, received, processed, stored, shipped, and sold, and about where in the process it’s likely to become contaminated. They also gather information about different ways of preventing the contamination. The scientists enter the information they’ve gathered into mathematical models they’ve created, which “crunch the numbers.” The results are estimates of how much contamination or illness from a given substance could be prevented if specific actions were taken at various points in the supply chain for a given food.   



Risk Assessment 
 Does not provide 

“the answer” 
 Provides an analysis 

of contributing 
factors and options 
for use in regulatory 
decisions and for 
reducing the risk to 
public health  

 Describes 
uncertainty in risk 
estimates and 
variability of 
response 



• Tells us where the probability of contamination is 
highest in the food system being evaluated, and 
which methods are most effective in preventing or 
reducing food contamination &  subsequent 
foodborne illness. 

• Another advantage of quantitative risk assessments 
allows for evaluation of potential mitigation by using 
the “what if” scenario in the model. 

• Change baseline model inputs and measure impact on resulting 
risk estimates 

 

Risk Assessment 

Presenter
Presentation Notes
There are 4 Main Stages to build a risk assessment:“Develop the RA Charge Question”:  Gather data and define the problem to develop the risk assessment question.“Gather and evaluate data and design mathematical model to answer the charge question---i.e.. decide whether to build quantitative, qualitative, or risk ranking modelIncorporate data into model.Evaluate and update model as necessary to determine final results. 



 
 
 

1906 – Dining room of “poison squad”:     
A direct approach to assessing risk  

Risk Assessment modeling techniques 
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Risk Assessment: 
   Then and Now 

Presenter
Presentation Notes
Info on Poison Squad Picture:  The U S. Food and Drug Administration grew from a single chemist in the U.S. Department of Agriculture in 1862.  The Division of Chemistry began investigating the adulteration of agricultural commodities as early as 1867. When Harvey Washington Wiley arrived as chief chemist in 1883, the government's handling of the adulteration and misbranding of food and drugs took a decidedly different course, which eventually helped spur public indignation at the problem. Wiley expanded the division's research in this area, exemplified by Foods and Food Adulterants, a ten-part study published from 1887 to 1902. He demonstrated his concern about chemical preservatives as adulterants in the highly publicized "poison squad" experiments, in which able-bodied volunteers consumed varying amounts of questionable food additives to determine their impact on health.
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Why a Risk Assessment on NoV 
Transmission in Food Establishments? 

• No single preventive measure can eliminate the risk of  
foodborne norovirus from a symptomatic food 
employee 

• Need for better understanding of how effective Food 
Code intervention strategies are when used 
individually or in combination to reduce or prevent the 
incidence of norovirus foodborne illness. 

• Need for consideration of actual practices and level of 
compliance to determine current intervention impact 
and any need for policy modification. 

Presenter
Presentation Notes
While individual prevention strategies have been studied, the relative impact of each of these strategies, their level of compliance, and the interplay of combinations of these strategies on norovirus transmission in food establishments have not been well studied. This study was conducted specifically to evaluate these impacts on the mean number of contaminated food servings and infected customers. Additional prevention strategies such as increasing the current efficacy of hand washing or preventing hand contact with faucets and doors in the restrooms were also tested to identify effective ways to reduce the risk associated with norovirus in a food establishment. Currently, there is no single preventive measure that can prevent foodborne norovirus.  Each of these preventive measures has flaws.  The lack of availability of a single effective prevention strategy for controlling norovirus has led to the adoption of a combination of prevention strategies used by many jurisdictions (FAO/WHO 2008, FDA 2013, NACMCF 2016). The United States Food and Drug Administration (FDA) have included a combination of prevention strategies focused on reducing viral contamination of food and surfaces from infected food employees in the FDA Food Code (FDA 2013) and the FDA Employee Health and Personal Hygiene Handbook (FDA 2005). Current prevention strategies involve the restriction or exclusion of infectious food employees from work, proper hand hygiene, food-contact surface sanitation and eliminating bare-hand contact with RTE food (FDA 2013). 
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Norovirus Background 

• Large amounts of virus shed during symptoms 
• 1012 Genome Equivalent Copies (GEC) NoV / g  of feces 
• 8 × 105 GEC NoV/ ml of vomit 
• Viral shedding duration in adults lasts 20-30 days 

Photo Credit: Charles D. Humphrey, Centers 
for Disease Control and Prevention 

• Leading cause of foodborne illness globally 
• Characterized by a sudden onset of 

vomiting, diarrhea,  and abdominal cramps 
with a duration of 1-3 days 

• Infectious dose low or very low (?)  
  50% human infectious dose = 18 NoV particles    

        (Teunis et al., 2008) 

Presenter
Presentation Notes
Norovirus is recognized globally as the most common cause of acute gastroenteritis in people of all ages and is responsible for the greatest cause and burden of disease of all foodborne illnesses, resulting in over 200,000 deaths each year throughout the world (Kirk, 2015; Patel,2009; CDC, 2016; FAO/WHO, 2008).  In the United States, norovirus causes 19-21 million cases of acute gastroenteritis; is associated with 1.7 – 1.9 million outpatient visits, and 400,000 emergency room visits, leading to 56,000-71,000 hospitalizations and 580-800 deaths each year(CDC, 2016).  Restaurants are the most common setting (64% ) of food preparation reported outbreaks in the United States.  Most foodborne NoV outbreaks linked to food establishments are traced to contamination of “ready-to-eat” (RTE) food items. Food can be contaminated with NoV via contact with feces or contaminated water, vomit or water contaminated with vomit, aerosols generated by infected people, soiled materials, or soiled hands. The disease is highly infectious with a low infectious dose, and is characterized by a sudden onset of vomiting, diarrhea, and abdominal cramps, with a duration of one to three days before reaching a full resolution of symptoms.  Norovirus is spread primarily through the fecal-oral route, but can also be transmitted via inhalation of droplets containing vomit or feces, or through mechanical transmission of infectious vomit from contaminated environmental surfaces (Patel, 2009).  Infected symptomatic individuals shed large numbers of the virus in the vomit and stools primarily during the period of active symptoms, although both pre-symptomatic and post-symptomatic viral shedding also occurs (Goller et al., 2004). Typical duration of viral shedding in adults lasts 20-30 days (Pringle, et al., 2015), with a brief period of increased infectiousness at onset of symptoms and a gradual decline in infectivity during asymptomatic transmission (Zelner, et al., 2013).Food can be contaminated with NoV via contact with human feces or contaminated water, human vomit or water contaminated with vomit, aerosols generated by infected people, soiled materials, or soiled hands. Prevention strategies are centered on preventing viral contamination and transmission.  However there is currently no effective single preventive strategy for preventing foodborne norovirus in food establishments.  This is why the FDA Food Code recommends the use of a combination of prevention strategies.  
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Food employees play a significant role in norovirus 
foodborne outbreaks  

 
• Restaurants are the most 

common setting (64%) of food 
preparation reported in outbreaks 
in the U.S. (Hall et al., 2014). 

 

• Most foodborne outbreaks linked to 
food establishments are traced to food 
employee contamination of Ready-To-
Eat (RTE) food  
(FAO/WHO 2008, Patel et al., 2009, Hall et al., 2013a, 
Hall et al., 2013b) 

Presenter
Presentation Notes
Noroviruses are often spread through person-to-person contact; however foodborne transmission can cause widespread exposures and presents important prevention opportunities. Norovirus is the leading cause of foodborne illness globally and within the United States.  Restaurants are the most common setting (64%) of food preparation reported in outbreaks in the US. Most foodborne norovirus outbreaks linked to food establishments are traced to food employee contamination of food that is not cooked or otherwise treated before consumption (“Ready-to-Eat” or RTE food).
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Discrete Event Model 

www.fda.gov 

Science Based 
Prevention 
Strategies  

(Food Code), e.g. 
 
 
 
 
 
 
 
 
 
 

… 

Exclusion/ 
Restriction of food 

employee 

Glove Use 

Hand Washing 

Relative impact of 
individual and 

combined strategies 

 ? 
 

Impact of 
compliance with 

strategies 

 ? X 

Risk 
Assessment 

Identification of 
norovirus 

pathways from 
source to food in 

food 
establishment 

Food-Contact & Non-
Food-Contact Surface 

Disinfection 

Restroom Cleaning 
Frequency 

Touchless faucets 
and doors in 

restroom 

Presenter
Presentation Notes
The model was developed to study the spread of norovirus in a food establishment.  A computer discrete event model was selected as the most appropriate framework as it allows the description of various consecutive tasks of food employees such as food preparation, hand washing, visits to restrooms...The model was developed to study the spread of norovirus in a food establishment. A discrete event model was selected as the most suitable model framework to describe the series of consecutive tasks undertaken by food employees. A main advantage of the discrete event model framework is its flexibility, which allows for the inclusion of additional events or the modification of event sequences. This flexibility facilitates comparison of different situations or scenarios such as the impact of new regulations or a change in level of compliance in the quantitative risk assessment.(16)A discrete event model = the operation of a system as a discrete sequence of events in time.  Each event occurs at a particular instant in time and marks a change of state in the system.  Building a discrete event model is the process of codifying the behavior of a complex system as an ordered sequence of well-defined events.   has the advantage of flexibility to allow for the inclusion of additional events or modification of event sequences4 Meta-Analyses were conducted to inform the model, Peer-reviewed articles were examined: Handwashing 2. Transfer 3. Persistence  4. DisinfectionOther parameters extracted from peer-reviewed literatureFood employee behavior (surveys)Norovirus infection and illness natural history, shedding … (experimental studies)Aerosolization  (latest laboratory studies)
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Setting 

2 

1 

3 Food Contact 
Surfaces 
e.g.: cutting board, 
knives ,  Food prep 
surface   

3 Non Food 
Contact Surfaces 
e.g. microwave door 
handle, refrigerator 
door, cash register 

3 

Customer 

Aerosolization in the restrooms 
during vomit and diarrheal events 

Contamination of the door 
handle and the faucet 

Food Employee #3 not 
sick may be 
asymptomatic, doesn’t 
prepare food, touches 
NFCS every 10 minutes  

Food Employee #1 is 
(was) sick  

Food Employee #2 not 
sick but may be 
asymptomatic  

8 hour shift 
5 shifts, 2000 servings, 

Monte Carlo integration 
(1,000,000 food 
establishments) 

Presenter
Presentation Notes
The model evaluated 3 representative food employees in the preparation and sale of 1 type of food , consisting of a 3-item sandwich (e.g. bacon, lettuce, and tomato sandwich), working an 8-hr shift per day for 5 days in a deli.  It was assumed the food ingredients used to prepare the sandwiches were initially free of norovirus. The model was vectorized to simulate 1,000 independent teams of three food employees per store, doing the same events at the same time. Variability in (asymptomatic) infection of FE-2 and FE-3, in different transfer coefficients sampled at each contact, as well as the probability to wear gloves and wash hands was considered for each food establishment team. A thousand stores serving 400 sandwiches per day during 5 days were studied. The total number of servings for each of the 22 scenarios is 2109. The convergence of all output was checked graphically.The shift (work period) of a food employee was represented as a chronological sequence of events occurring at discrete instants in time. The main tasks (events) of the food employees are: (i) prepare food (sequence of 5 min), (ii) assemble food (sequence of 5 min), (iii) wash and sanitize food-contact surfaces (FCS), (iv) use the restrooms or, (v) do nothing (idle). At any time (t), food employees executed one of the five different main events (tasks - dashed rectangle), each task including sequences of actions (e.g. wash hands, change gloves, touch a food-contact surface…) described with function/action, decision/loop, objects and object states. Solid and dashed arrows represent action transition and norovirus transfer between the objects, respectively.  Three employees, referred as FE-1, FE-2 and FE-3, working together during one 8 hour shift per day for 5 consecutive days, were considered. FE-1 and FE-2 prepared food and touched FCS and non-food contact surfaces (NFCS) while FE-3 didn’t prepare food but sporadically touched NFCS. One type of food, consisting of a three-item sandwich (e.g., bacon, lettuce and tomato sandwich), was served to the customers. The two employees FE-1 and FE-2 both prepare a total of 200 sandwiches per shift.  It is assumed that the food ingredients are initially free of norovirus. The food establishment included two different areas: a food preparation and sandwich assembly area and the restrooms. The food preparation and assembly area included three generic FCS (e.g., knife, cutting board, stainless work surface…) and three generic non-food contact surfaces (NFCS – e.g., refrigerator door handle, microwave handle…) . 
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Dose Response model 

Probability of Infection | Dose 
 Teunis et al, 2008  
 High probability of infection at low dose (low ID50) 

Probability of Illness | Infection, Dose 
 Teunis et al, 2008 
 Low probability of illness  at low dose 
 
 -> expect many infected but few people sick  

Validity of NoV Dose Responses? 
 limited data from experimental infections 
 
Alternative output provided in this study:  
 Proportion of servings with >0 NoV, with >100 NoV or with > 1,000 NoV 
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Photo Credit: Charles D. Humphrey, Centers for Dise  
Control and Prevention 

Presenter
Presentation Notes
A dose-response model was used to evaluate the number of infected customers and the number of illnesses resulting from the consumption of prepared sandwiches in the population. Teunis et al.  developed a dose-response model for norovirus from experimental infection data. We considered that 80% of the population was Se+ and that the remaining population was fully resistant to the infection. As an alternative to the estimate of number of infected and sick customers, we provide the proportion of servings including more than 0, 100, and 1,000 GEC NoV as an indicator of the potential of norovirus infection from consumption of sandwiches by a susceptible population prepared in the setting.The situation modeled here is typical of what can be observed and, even though the absolute estimate of the risk may vary in different settings, the relative impact of various preventions and the conclusions of this study are expected to be generalizable. Pre-symptomatic shedding of the food employees, transmission of norovirus between food employees, presence of infected and/or ill customers contaminating the environment, emesis in the kitchen or in the dining room and presence of contaminated incoming products were not included in this study. The number of infected consumers was used as the major output of our risk assessment model. Teunis et al.  ’s dose-response model leads to a high probability of infection for a low dose that plateaus when high dose of norovirus are ingested. Indeed, according to this model, the probability of being infected following the ingestion of exactly 1 norovirus is 0.42; it is 0.67 following the ingestion of 106 norovirus for a Se+ individual, for a 50% human infectious dose (HID50) of 18 norovirus. This dose-response relationship leads to almost direct proportionality between the estimated number of infected individuals and the prevalence of contaminated products (>0 GEC NoV). In contrast, according to these authors, the probability of illness once infected is low if infected with a low dose, and increases with the ingested dose. The probability of symptomatic illness once infected following the ingestion of 1 norovirus is 9.2  10-5; it is 0.33 following the ingestion of 106 norovirus. We took into account pre-existing immunity of negative secretors  but didn’t include immunity associated with prior episodes of norovirus infection and the fact that genetic susceptibility factors of different norovirus strains may differ from what has already been described for the prototype virus. Actually, the accuracy and applicability of this dose-response model is still debated.
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Persistence of norovirus on surfaces 

Method 
Plaque assay 
Real-time RT-

qPCR 

Surface 
Hard surface 
Human skin 
Vegetables 

Leafy 
Meat 

Virus 
Nov : GI / GII 

FCV 
MNV1 
MS2 

Tulane 

Meta-Analysis: 
16 articles – 138 curves 
(Dawson et al. 2005, D'Souza et al. 2006, Liu et al. 2009, Girard et al. 2010, Fallahi and Mattison 2011, Sattar et 
al. 2011, Takahashi et al. 2011, Escudero et al. 2012, Liu et al. 2012, Verhaelen et al. 2012, Hirneisen and Kniel 
2013, Kim et al. 2014, Arthur and Gibson 2015, Ha et al. 2015, Lee et al. 2015, Mormann et al. 2015) 
 

Mixed model – normalized to norovirus: 
Log-Linear persistence model 
Time for 1 log10 reduction 

Temperature 
Room 

Refrigerated 

Data:  

Presenter
Presentation Notes
A meta-analysis was conducted to collect data from peer reviewed articles for survival, transfer, handwashing and disinfection, through the on-line libraries PubMed and Web of Science in field tags “titles and abstracts” and using the Boolean logic {(norovirus OR norovirus surrogates) AND (inactivation OR persistence OR survival OR disinfection OR transfer OR wash)}. A total of 846 abstracts were studied, 330 articles were screened according to the relevance of the abstract. Articles were selected for transfer from surface to surface (10 articles), persistence on surfaces (16 articles), handwashing (16 articles) and disinfection (18 articles) based on the quality of the data, the validity of the surrogates and the methodology. The inclusion criteria included a variety of surrogate viruses. These surrogates have been extensively described in the literature as having similar properties with norovirus as far as some of their morphological, cultural, genetic and structural characteristics. In addition to norovirus genogroup I (GI) and genogroup II (GII), the surrogates used were, the Feline Calicivirus (FCV F9 or KS20), Murine Norovirus (MNV-1 or MNV99), and the most recently discovered Tulane virus (TV). Additionally, non-traditional surrogates outside the calicivirus family, such as rotavirus, poliovirus, hepatitis A virus or even non-animal viruses like F-specific RNA coliphage MS2, were also included for certain studies. Particularly, the transfer and handwashing analysis data were supplemented with those from other viruses as these events are mainly physical and assumed independent of the physiology of each particular virus. Detection through reverse transcriptase-polymerase chain reaction (RT-PCR) is currently the only method to quantify norovirus titer, which is expressed in terms of genomic copies, or genome equivalents (RNA copies or transcripts if they were generated by real-time system or just RT-PCR amplifiable units for conventional platforms). Data for both norovirus genogroups GI and GII were extracted, where available, but not reported separately. For all the surrogate viruses, as they are all culturable, data generated by both RT-PCR detection and infectivity assays (plaque assay and TCID50) were extracted. All data were expressed as Genomic Copy Equivalents of norovirus (GCE NoV) as currently there are no infectivity data available for norovirus. Publications that did not adequately describe methodologies and did not include controls to justify any heterogeneity among the test viruses were excluded. Regarding disinfection, only disinfectants typically used in food service (i.e. quaternary ammonium and sodium hypochlorite were included). 
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Disinfection (18 articles – 249 observations) 

Method 
Plaque assay 
Real-time RT-

qPCR 
TCID50 

Surface 
Hard surface 

Hand 
 

Wet / Dry 

Virus 
Nov : GI / GII 

FCV 
MNV1 

MNV99 
MS2 

Tulane 

Application 
time 

Disinfectant 
Quaternary 
ammonium 

Sodium 
hypochlorite 

Ethanol 

Method 
Plaque assay 
Real-time RT-

qPCR 

Surface 
Hard surface 

Hand 
Gloves 
Knife 

Vegetables 
Meat 

Wet / Dry 

Virus 
Nov : GI / GII 

FCV 
MNV1 
MS2 

Tulane 
HAV 

Contact 
time Initial Level 

Surface to surface Transfer Model (10 articles – 420 observations) 

Hand Washing (16 articles – 50 observations) 

Method 
Plaque assay 

Real-time RT-qPCR 
TCID50 

Virus 
Nov : GI / GII 

FCV 
MNV1 / MNV99 

MS2 
Tulane 

HAV 
Rotavirus 
Poliovirus 

Wash time Soap / No Soap* 

Presenter
Presentation Notes
The inclusion criteria included a variety of surrogate viruses. These surrogates have been extensively described in the literature as having similar properties with norovirus as far as some of their morphological, cultural, genetic and structural characteristics. In addition to norovirus genogroup I (GI) and genogroup II (GII), the surrogates used were, the Feline Calicivirus (FCV F9 or KS20), Murine Norovirus (MNV-1 or MNV99), and the most recently discovered Tulane virus (TV). Additionally, non-traditional surrogates outside the calicivirus family, such as rotavirus, poliovirus, hepatitis A virus or even non-animal viruses like F-specific RNA coliphage MS2, were also included for certain studies. Particularly, the transfer and handwashing analysis data were supplemented with those from other viruses as these events are mainly physical and assumed independent of the physiology of each particular virus. Detection through reverse transcriptase-polymerase chain reaction (RT-PCR) is currently the main method to quantify norovirus titer, which is expressed in terms of genomic copies, or genome equivalents (RNA copies or transcripts if they were generated by real-time system or just RT-PCR amplifiable units for conventional platforms). Data for both norovirus genogroups GI and GII were extracted, where available, but not reported separately. For all the surrogate viruses, as they are all culturable, data generated by both RT-PCR detection and infectivity assays (plaque assay and TCID50) were extracted. All data were expressed as Genomic Copy Equivalents of norovirus (GCE NoV) as currently there are no infectivity data available for norovirus. Publications that did not adequately describe methodologies and did not include controls to justify any heterogeneity among the test viruses were excluded. Regarding disinfection, only disinfectants typically used in food service (i.e. quaternary ammonium and sodium hypochlorite were included). Models were fitted using fixed and mixed effects linear models. The specific study from which a set of data was collected was used as a random effect in mixed models. Models were compared using the F-test (95% confidence interval) or likelihood ratio test when nested. When two models were not nested, the Akaike Information Criterion (AIC) was used to select the preferred one. Besides handwashing for which a BetaPert distribution  was fitted, mixed effect models were preferred to fixed effect models because of the non-negligible impact of the study effect (results not shown). Moreover, mixed effect models allow generalizing the results to a population of studies that were not included in the analysis.
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Stools, per shift Concentration NoV in feces 

Restrooms Symptomatic Asymptomatic 
Shedders (15%) 

Not 
sick Description Reference 

Visit- 
Defecation per shift +++ Once per day 

 
Once 

per day 
Poisson(4.5) while sick on day 0 
Divided / 2 each day while sick 

Arias et al. 2010 

Vomit +++ 0 0 1-3 times / shift  CDC Guidelines 
document 2011 

Shedding Nov / g Yes Yes 0 Pert(4, 8, 10) log10 NoV/g 
Reduction of 1 log10 / week 

Lee et al, 2007; Chan 
et al, 2006; Atmar et 

al, 2008 

Aerosol 
contamination Yes No No 2,420 NoV (+/- 1,200) per m3 

 +1,100 NoV per m3 if vomit 
Barker et Jones, 2003, 
Tung-Thomson et al. 

2015 

Auto-contamination 
(Hand) Yes Yes No Pert(-8, -3, -1) log10 g of feces Lin et al. 2003 

mean: 49 h, sd: 40 h 
( Arias et al, 2010)  

mean: 4.5 

Presenter
Presentation Notes
The behavior of food employees was included in the model using data from surveys. Frequency of handwashing when engaging in food preparation was based on data from CDC  which reported that food employees washed their hands in 27% of activities in which they should have. Regarding glove-use frequency when touching RTE food, food employees reported that they never (33%), sometimes (6%), almost always (14%) or always (40%) wore gloves. Food employees changed gloves 37% of the time when engaging in food preparation, based on a CDC report. We note that use of food-contact utensils such as spatulas or tongs instead of gloves were not modeled because of limitations in data on the frequency of use and efficiency of transfer to and from these objects.  Some individuals infected with norovirus will develop asymptomatic infection while others will develop symptoms of vomiting and diarrhea. In the model, two food employees (FE-2 and FE-3) were not sick but had an independent probability to be asymptomatic shedders of 15%. Only one employee (FE-1) was assumed to be symptomatic. The duration of the symptoms was modeled using a gamma distribution so that the mean duration was 49 hours with a standard deviation of 40 hours. We assumed that a symptomatic food employee (FE-1) always experienced diarrhea. The number of defecations per day was assumed to be 4.5 on average per shift at the onset of the symptoms, and this average was reduced by two each day until the end of the symptomatic illness. Seventy-two percent of symptomatic cases experienced vomiting, with three vomiting events on the first day, two vomiting events on the second day and one vomiting event on the third day, if still sick. Other parameters regarding the concentration of norovirus in feces and vomit are described. Food employees do not always comply with this exclusion period.  Surveys have shown that, for various reasons, some food employees have worked while ill. A survey by Sumner et al. reported that 20% of food employees declared having experienced vomiting or diarrhea while working during the year preceding the interview. We included a rate of compliance Pc in the model to account for ill employees (FE-1) who reported illness and complied with the exclusion period and food employees who didn’t report or didn’t comply with the exclusion period and may have worked while ill. We considered that FE-1 was ill and could belong to four categories (“compliant”, “non-compliant 1”, “non-compliant 2”, “non-compliant 3”) to accurately represent compliance with the exclusion guidance  
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Food Employee Behavior 

 
Wash Hands - Restrooms Berry et al. 2014  
- 90% if Defecation 
- 65% if Urinal 

Food worker engages in food assembling sequence : 
- Wash hands 41%, CDC EHS-Net 
- Change Gloves 50%, CDC EHS-Net  

Wear gloves - Green et al. 2005 (Table 2) 

Wear gloves Translated in model* (%) sample  (%) 
Never 0 91 33.6 
Sometimes 50 28 14 
Almost Always 90 35 12 
Always 100 109 40.4 
Total 263 100 
*Values assumed in the model but not given in Green et al. 2005 

During food  assembling sequence (Stals et al. 2013, Mokhtari and Jaykus, 2009) 
Number of Food <-> FCS Contacts = 2 
Number of Hand <-> FCS Contacts = 2 
Number of Hand <-> Food Contacts = 2 
Number of Hand <-> Non Food Contacts  = 1 

Presenter
Presentation Notes
Initial transfer of norovirus from infected food employees to the retail environment takes place in the restrooms via defecation (symptomatic and asymptomatic food employees) and vomiting events (symptomatic food employees). Hand contamination during defecation was considered for symptomatic and asymptomatic food employees. In addition, for symptomatic employees, norovirus aerosolization within restrooms, and subsequent contamination of the environment (NoVEnv,t=0)  within the restrooms, was considered for toilet flushing of diarrheal events and during vomiting, using data extracted from Barker et al.  and Tung-Tompson et al.,  respectively.  
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Presenter
Presentation Notes
R Code ----Run on an High Performance Computer--2,000 servings/store Monte Carlo integration (1,000,000 stores) 1--code running on 100 computers simultaneously--takes 3hr per scenario, rather than 300hr,000,000 stores)
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Integration 
 R Code  
 
 Run on an High Performance Computer 

Parallel computing 
 
(code running on 
 100 computers  
simultaneously). 
 
(takes 3h per scenario 
rather than 300h)  

R model 

This study used the computational resources of the HPC clusters at the Food and 
Drug Administration, Center for Devices and Radiological Health (CDRH).  
Reproducible Risk Assessment: Code available on request. 

Betsy: 3,168 cores, 11.5 TB RAM, 1.8 PB storage 
Available through the Office of Science and 
Engineering Laboratories,  
CDRH - FDA  

2,000 servings / store 
Monte Carlo 

integration (1,000,000 
stores) 

Presenter
Presentation Notes
This model was written in the open source language R version 3.2.4 (R Core Team). In view of the numerous scenarios and the discrete-event framework of the model, the code was written to be launched on parallelized processors using high performance computing tools (Office of Science and Engineering Laboratories, Center for Devices and Radiological Health, FDA, Silver Spring, MD). Nonetheless, the code can be run on a desktop. The model was vectorized to simulate 1,000 independent teams of three food employees per store, doing the same events at the same time. Variability in (asymptomatic) infection of FE-2 and FE-3, in different transfer coefficients sampled at each contact, as well as the probability to wear gloves and wash hands was considered for each food establishment team. A thousand stores serving 400 sandwiches per day during 5 days were studied. The total number of servings for each of the 22 scenarios is 2109. The convergence of all output was checked graphically.The model results include:  The proportion of contaminated servings (prevalence), the proportion of highly contaminated servings (>100 and >1,000 GEC NoV), and the mean number of infected and ill customers (according to Teunis et al. dose-response model) for each scenario. The estimated mean number of infected customers and the proportion of highly contaminated servings (>1,000 GEC NoV) for each scenario were normalized to the scenario 1 (baseline of this study), to provide a relative measure.  

http://www.r-project.org/index.html
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Risk Assessment Question 

24 h Food workers are excluded from 
work 24 h after the end of the 
symptoms before coming back to 
work. 

Home 

Home What would be the impact if 
the food workers were 
excluded from work 48 h after 
the end of the symptoms? 

Work 

Work 

Best BLT 

Best BLT 

48 h 

Presenter
Presentation Notes
The impacts of extending the exclusion period after symptom resolution from 24h to 48h and associated compliance with this exclusion period was studied in scenarios 4 to 9. The impacts of the frequency of handwashing in restrooms (scenario 10), no bare hand contact (scenario 11), compliance with handwashing and glove use when engaging food preparation according to the Food Code recommendation (scenario 18) and hand washing efficacy were also studied (scenarios 18 and 19). The impact of food employee restriction was also evaluated (scenarios 14 to17).A total of 22 scenarios were compared to evaluate the impact of model parameters on the risk of illness associated with norovirus contamination in foods served in this setting.Scenario 1 is the baseline of this study in the sense that it represents existing knowledge of current practices and food employee behavior in food establishments. FE-1 was ill and belonged to categories “compliant”, “non-compliant 1”, “non-compliant 2”, “non-compliant 3” in 74, 6.0, 7.0 and 13% of simulated stores, respectively. FE-2 and FE-3 were asymptomatic shedders in 15% of the stores. Restrooms, NFCS and FCS were washed every morning before the beginning of the shift. FCS were washed every 4 hours. Current practices based on existing knowledge were used to describe the frequency of handwashing in restrooms, and the frequency of handwashing, wearing and changing of gloves when engaging in food preparation. A scenario in which FE-1 was not ill (but could be asymptomatic shedder as FE-2 and FE-3; scenario 2 – lower baseline) and a scenario in which FE-1 systematically worked while ill during the whole symptomatic period (scenario 3 – upper baseline) were included.The 19 other scenarios were variations around the baseline to test the impact of different parameters of the model corresponding to specific prevention strategies and their compliance to reduce norovirus transmission.



Results: Number of Customers Infected 
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Example Using Model Results:  
Mean # infected/2000 servings vs. Mean # ill / 2000 servings  

Presenter
Presentation Notes
A dose-response model was used to evaluate the number of infected customers and the number of illnesses resulting from the consumption of prepared sandwiches in the population. Teunis et al.  developed a dose-response model for norovirus from experimental infection data. We considered that 80% of the population was Se+ and that the remaining population was fully resistant to the infection.The number of infected consumers was used as the major output of our risk assessment model. Teunis et al. ’s dose-response model leads to a high probability of infection for a low dose that plateaus when high dose of norovirus are ingested. Indeed, according to this model, the probability of being infected following the ingestion of exactly 1 norovirus is 0.42; it is 0.67 following the ingestion of 106 norovirus for a Se+ individual, for a 50% human infectious dose (HID50) of 18 norovirus. This dose-response relationship leads to almost direct proportionality between the estimated number of infected individuals and the prevalence of contaminated products (>0 GEC NoV). In contrast, according to these authors, the probability of illness once infected is low if infected with a low dose, and increases with the ingested dose. The probability of symptomatic illness once infected following the ingestion of 1 norovirus is 9.2  10-5; it is 0.33 following the ingestion of 106 norovirus. We took into account pre-existing immunity of negative secretors but didn’t included immunity associated with prior episodes of norovirus infection and the fact that genetic susceptibility factors of different norovirus strains may differ from what has already been described for the prototype virus. Actually, the accuracy and applicability of this dose-response model is still debated.  Atmar et al.  suggested that the 50% human infectious dose for norovirus could be higher, i.e. 2,800 GEC NoV for Se+ individuals. We propose the prevalence of servings with more than 100 and more than 1,000 GEC NoV as an alternative output to the number of infected or sick consumers.
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The outbreaks! 
Some over 80% 

Results for the alternative scenarios are provided relative to the baseline (>1000 NoV)  

Mean over 1,000,000 simulated stores:  
Proportion of Food Servings Contaminated (>0 NoV) 
= 9.7% 
Proportion of servings w/  > 1,000 NoV = 0.54% 
74 infected customers over 2,000 servings 
 90% Variability interval: [2.1, 233.7] infected customers  

1.7 sick customers over 2,000 servings 
 90% Variability interval: [0.0, 7.9] sick customers  

Presenter
Presentation Notes
Current practice in restrooms and when engaging in food preparation (CDC, 2011)--Current practice when engaging food preparation (CDC, 2011)--Restrooms and NFCS washed before shift each day--FCS are washed every 4 hours---Current compliance regarding exclusion of ill food employeeThe estimated mean number of infected customers and the proportion of highly contaminated servings (>1,000 GEC NoV) for each scenario were normalized to the scenario 1 (baseline of this study), to provide a relative measure.   In the baseline scenario, including an exclusion period of 24h after symptom resolution and a compliance rate PC of 74%, the expected proportion of contaminated servings (>0 GEC NoV) is 9.7% and the proportion of highly contaminated servings (> 1,000 GEC NoV) is 0.5%, leading to an expected number of infected and sick customers of 74 and 1.7, respectively, over a total number of 2,000 servings. In this scenario, as it is true for all scenarios, a high variability in the number of contaminated servings and in the number of resulting infections and illnesses is observed from store to store, as a function of the specific set of parameters characterizing this store. As an example, the 2.5th, the median, and the 97.5th quantile of the numbers of infected customers estimated from the 1,000,000 simulated stores are 0.69, 48 and 284, respectively, in the baseline. This variability reflects notably the variability in the characteristics of the sick food employee (illness duration, shedding level, compliance with exclusion period). 
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Presenter
Presentation Notes
Transmission of norovirus in the retail environment over 5 shifts for scenario 1 (baseline) Thickness and color of arrows and objects represent the mean value of 1,000 iterations of norovirus transmitted over 5 shifts. The main route of contamination is the direct contact with hands in the restrooms (during defecation and vomiting) of the ill food employee (FE-1), with high levels of norovirus removed during handwashing (>6 log10 over 5 shifts) in the three scenarios. Figure above shows a high level of norovirus transmission to FE-2 hands (>5 log10 over 5 shifts) and to FE-3 hands (>4 log10 over 5 shifts) while this food employee is not in contact with FCS and foods. The high levels of infected customers when food employees worked while ill are explained by the high level of norovirus introduced in the retail environment by the ill food employee (FE-1) due to frequent visits to the restrooms to vomit or defecate. Those visits to the restrooms lead to hand contamination of the ill employee (FE-1) who then directly contaminates his gloves, the FCS, the NFCS and the food, or indirectly contaminates the hands of the other food employees.  The impact of a symptomatic food employee in contaminating ready-to-eat food items is so strong that other prevention strategies cannot prevent the norovirus contamination of RTE food if a symptomatic food employee is in the food establishment
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Presenter
Presentation Notes
Figure above show s  the level of  reduction in NoV transmission to food servings and non-ill employees with full compliance with handwashing and NBHC prevention strategies.scenario 18: no barehand contact, 100% compliance with changing gloves and handwashing while changing gloves according to the FDA food Code.  Food employee 1 is sick and considered non compliant;2 regarding exclusion period, food employee 2 and food employee 3 are non shedders. The three prevention strategies leading to the smallest numbers of infected customers included either full compliance with handwashing and glove use and no bare hand contact (scenario 18, estimated as 58% of infected customers relative to the baseline) or increased handwashing efficiency (additional 1 or 2 log10 reduction during handwashing, scenarios 19 (62%) and 20 (53%), respectively).
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Presenter
Presentation Notes
The contamination of hands in the restrooms, directly from the source or from objects, is the major route of norovirus transmission to the retail environment. Removing hand contact in the restrooms through the installation of touch-less faucets and doors (scenario 13) is much more efficient in reducing the mean number of infected customers (75% compared to the baseline) than increasing the frequency of cleaning restrooms (scenario 10, 97% compared to the baseline). In contrast to earlier studies, emesis in the restroom in addition to diarrhea were incorporated in our model. Vomiting has been recognized to contribute significantly to norovirus transmission, especially in confined environments such as food establishment settings.  Our analysis found that norovirus particle transfer to objects through aerosolization is much less important than direct hand contact. This is because a very small number of norovirus particles are transferred through the aerosol to surfaces that the food employees touch.
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What is the impact of the compliance with exclusion during active 
symptoms plus an additional post-symptomatic exclusion period? 
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Presenter
Presentation Notes
In the lower baseline (scenario 2), in which no food employee is sick but 15% are asymptomatic shedders, the proportion of contaminated servings was evaluated at 1.3%, the proportion of highly contaminated servings at 0.04%, and the mean number of infections and illness at 9.6 and 0.1, respectively.  In the upper baseline (scenario 3), where all ill FE-1 didn’t declare illness and worked while ill (“non-compliant 3”), the mean number of infected customers increased by 226 % compared to the baseline scenario. 
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Presenter
Presentation Notes
An increase of the exclusion period from 24 hours to 48 hours after symptom resolution leads to a relatively small decrease in estimated numbers of infected customers when compared with other prevention strategies explored in this risk assessment. This is true whether food employees are fully compliant with the exclusion requirement (8% reduction, scenarios 4 and 5) or not (8% reduction, baseline and scenario 6, or 4% reduction, scenarios 21 and 22).  The small decrease in estimated numbers of infected customers when extending the exclusion period to 48h primarily arises via the decrease in the level of norovirus in feces during these additional 24h away from work, and results from recent human volunteer challenge studies suggest that this decrease is slow. Moreover, norovirus shedding continues long after symptoms have resolved. The larger impact of the exclusion period extension predicted for the 24 h (baseline)/48 h (scenario 6) pair compared with that for the 24 h (scenario 21)/48 h (scenario 22) pair arises from preventing some food employees who would have had active symptoms (returned to work too soon before symptom resolution) in the food establishment from working while ill (shift of food employees from NC-2 to NC-1 category). In other words, requiring food employees to stay away from work an extra 24 h could reduce the impact of food employees prematurely declaring the end of symptoms and this is reflected in the overall 8% reduction predicted for scenario 6 as compared with the baseline. The impact of extending the exclusion period depends on the distribution of food employees working while ill among categories NC-2 and NC-3.If implementation of an extended exclusion period to 48h after symptom resolution leads to a reduction in compliance with the exclusion, the reduction of norovirus transmission associated with the extended exclusion period shown in scenario 6 could be completely eliminated (scenario 7) or could even lead to an increase in infections and illnesses (scenario 8), depending on the magnitude of the reduction in compliance and the distribution of food employees working while ill among categories NC-2 and NC-3. More data are needed to quantify the impact of an extended exclusion period on food employee compliance. Previous studies suggested that as many as 60% of food employees have worked while ill and 20% while experiencing diarrhea or vomiting. Many of the influential factors cited by food employees leading to working while ill, such as loss of pay, (lack) of severity of illness and not wanting to leave coworkers short staffed may become even more important when the period of exclusion is extended. 
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Presenter
Presentation Notes
The public health benefit from extending the exclusion period after symptom resolution  may be eliminated or may result in an increase in the burden of illness if compliance decreases
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What is the Impact of exclusion period after symptom 
resolution? What is the impact of extending it to 48 hours?  
 
 “Indirect and Direct Transmission Potential of NoV Over Time” 
   

Adapted from Lopman, B., et al. (2012).  
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What is the impact of hand washing efficacy, hand washing 
frequency and frequency of glove changing? ? 

Presenter
Presentation Notes
Our results suggest that handwashing and sanitation (scenario 19 and 20), no bare hand contact with RTE food via glove-use in addition to handwashing (scenario 18), and no contact in the restrooms between faucet, door handle and hands (scenario 13) are highly effective in reducing the transmission of norovirus compared to the baseline.Interestingly, an increase in the efficiency of handwashing appears to be very successful in reducing the risk linked to norovirus transmission in the retail food service setting (scenario 19 and 20).  A typical handwashing procedure usually removes 1-2 logs of norovirus from the hands. Improving this efficiency, through better training, improved handwashing efficacy (such as through the use of soap that increases the level of friction on the hands, without damaging the skin), or other means would reduce the risk of norovirus transmission and foodborne illness in food establishments. 
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Presenter
Presentation Notes
The contamination of hands in the restrooms, directly from the source or from objects, is the major route of norovirus transmission to the retail environment. Removing hand contact in the restrooms through the installation of touch-less faucets and doors (scenario 13) is much more efficient in reducing the mean number of infected customers (75% compared to the baseline) than increasing the frequency of cleaning restrooms (scenario 10, 97% compared to the baseline). In contrast to earlier studies, emesis in the restroom in addition to diarrhea were incorporated in our model. Vomiting has been recognized to contribute significantly to norovirus transmission, especially in confined environments such as food establishment settings.  Our analysis found that norovirus particle transfer to objects through aerosolization is much less important than direct hand contact . This is because a very small number of norovirus particles are transferred through the aerosol to surfaces that the food employees touch.
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Results 

Compliance with 
exclusion 74% 74% 74% 74% 

Exclusion period 24h 24h 24h 24h 

Baseline 

Restrooms 
washed 
every 4 
hours 

Always wear 
gloves, don’t 
necessarily 

change gloves 

24h 
Restriction, 

FE-1 doesn’t 
touch food, 

less frequent 
handwashing 

%Baseline Number of infected 
customers 

100% 97%  114%  104% 

Some interventions  
are not sufficient by 

themselves and 
some could even 

increase the risk if 
not properly 
implemented 

Presenter
Presentation Notes
Glove wearing alone (scenario 11) with current compliance with changing gloves and handwashing when engaging food preparation does not have a clear impact on decreasing the risk of norovirus transmission. Interestingly, our results suggest that this scenario would increase to 114% the mean number of infected customers, while reducing to 91% compared to the baseline the number of heavily contaminated products (>1,000 GEC NoV). Note that, in our model, we consider norovirus transfer  from hands to gloves while the food employee is putting on gloves, as observed in Casanova et al.  and Ronnqvist et al. This unexpected outcome may be explained by the higher norovirus transfer coefficients from gloves to surface and food items than from bare hands (see meta-analysis results in Table 1), as shown previously for bacteria. This supports that wearing gloves without compliance with handwashing and changing gloves when engaging food preparation is not enough to reduce the transmission of norovirus in retail settings and highlights the necessity to change gloves and wash hands as recommended in the FDA Food Code. Indeed, the scenario 18 shows it is highly efficient if the food employees regularly changes their gloves and washes their hands when they engage in preparation and, importantly, wash their hands in the restrooms.  
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Impact of Compliance with Exclusion  
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Mean # of Sick Customers & Proportion of Servings Contaminated 
(% with >0 NoV)/  2000 Food Servings) 

5 

Presenter
Presentation Notes
An increase of the exclusion period from 24 hours to 48 hours after symptom resolution leads to a relatively small decrease in estimated numbers of infected customers when compared with other prevention strategies explored in this risk assessment. This is true whether food employees are fully compliant with the exclusion requirement.  The small decrease in estimated numbers of infected customers when extending the exclusion period to 48h primarily arises via the decrease in the level of norovirus in feces during these additional 24h away from work, and results from recent human volunteer challenge studies suggest that this decrease is slow. Moreover, norovirus shedding continues long after symptoms have resolved.Requiring food employees to stay away from work an extra 24 h could reduce the impact of food employees prematurely declaring the end of symptoms and this is reflected in the overall 8% reduction predicted for scenario 6 as compared with the baseline. The impact of extending the exclusion period depends on the distribution of food employees working while ill among categories NC-2 and NC-3.If implementation of an extended exclusion period to 48h after symptom resolution leads to a reduction in compliance with the exclusion, the reduction of norovirus transmission associated with the extended exclusion period shown in scenario 6 could be completely eliminated (scenario 7) or could even lead to an increase in infections and illnesses (scenario 8), depending on the magnitude of the reduction in compliance and the distribution of food employees working while ill among categories NC-2 and NC-3. More data are needed to quantify the impact of an extended exclusion period on food employee compliance. Previous studies suggested that as many as 60% of food employees have worked while ill and 20% while experiencing diarrhea or vomiting. Many of the influential factors cited by food employees leading to working while ill, such as loss of pay, (lack) of severity of illness and not wanting to leave coworkers short staffed may become even more important when the period of exclusion is extended. The model results indicate that a decrease in infected customers comparable to that achieved by extending the exclusion period from 24h to 48h could be achieved if compliance with the current 24h exclusion period is increased .  
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Mean # of Sick Customers & Proportion of 
Servings Contaminated (% with >0 NoV) 
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* Includes Current Food Code Practices  

Presenter
Presentation Notes
9.4%= Wash Restrooms Every 4 hrs. + Baseline Compliance Exclusion + Baseline Handwash/NBHC/Surface Sanitize7.3% = Touchless faucet and door in restroom + Baseline Compliance Exclusion + Baseline Handwash/NBHC/Surface Sanitize9.7% = 74% Compliance Exclusion (Baseline) + Baseline handwash/NBHC/Surface Sanitize8.7% = 84% Compliance Exclusion + Baseline handwash/NBHC/Surface Sanitize7.4% = 100% Compliance Exclusion + Baseline handwash/NBHC/Surface Sanitize9.2% = 100% Compliance Handwashing in Restrooms only+ only baseline levels of handwashing in Food Prep/ Kitchen Area + Baseline NBHC/ Surface Sanitize5.7% = 100% Compliance Handwashing + 100% Compliance NBHC + Baseline 24 hr. Exclusion/ Surface Sanitize4.1% = 100% Compliance handwashing + 100% Compliance NBHC + 100% Compliance 24 hr. Exclusion + 100% Compliance Surface Sanitize



Results support the current recommendations of the FDA 
 Food Code--Better compliance with current Food Code 
interventions would reduce Nov transmission  

2 

Excluding symptomatic food employees at the peak of their 
infectiousness* is the priority to reduce the burden to public 
health associated with norovirus transmission in food 
establishments  
   *see Lopman et al 2012, Zelner et al. 2013, Teunis 2013 

Summary of Risk Assessment Results 

1 

Presenter
Presentation Notes
The impact of a symptomatic food employee in contaminating ready-to-eat food items is so strong that other prevention strategies cannot prevent the norovirus contamination of RTE food if a symptomatic food employee is in the food establishment.Our results confirm the importance of removing symptomatic employees from food establishment as recommended by Hall et al.  For example, the model estimates a 226% increase in the numbers of infected customers when ill food employees are not excluded  and a decrease to 75% compared to the baseline with full compliance with the exclusion period . The importance of removing ill food employees from work can be further illustrated by the mean number of infected customers according to the category of ill food employee present in the store. In fact if an ill employee was compliant with the exclusion period, or “non-compliant 1”, and hence did not work while ill, the mean number of infected customers was estimated to 56 or 60 in the baseline scenario, respectively. However, for the categories “non-compliant 2” and “non-compliant 3” who worked while ill, the mean number of infected customers was estimated to 109 and 164, respectively. The high levels of infected customers when food employees worked while ill are explained by the high level of norovirus introduced in the retail environment by the ill food employee (FE-1) due to frequent visits to the restrooms to vomit or defecate. Those visits to the restrooms lead to hand contamination of the ill employee (FE-1) who then directly contaminates his gloves, the FCS, the NFCS and the food, or indirectly contaminates the hands of the other food employees . In contrast to earlier studies, emesis in the restroom in addition to diarrhea were incorporated in our model. Vomiting has been recognized to contribute significantly to norovirus transmission, especially in confined environments such as food establishment settings.  Our analysis found that norovirus particle transfer to objects through aerosolization is much less important than direct hand contact . This is because a very small number of norovirus particles are transferred through the aerosol to surfaces that the food employees touch.



Summary of Results Continued: 

Handwashing and No Bare Hand Contact are Highly 
Effective Preventive Strategies in reducing the 
transmission of NoV 

3 

Improving Handwashing Efficacy by Just 1 additional 
log reduction is also an effective preventive strategy 

Eliminating hand-contact in the restrooms between the 
faucet, door handle and hands is an effective additional 
preventive strategy to the transmission of NoV & is more 
effective than washing and sanitizing the restrooms every 
4 hours 

4 

5 

Presenter
Presentation Notes
The contamination of hands in the restrooms, directly from the source or from objects, is the major route of norovirus transmission to the retail environment . Removing hand contact in the restrooms through the installation of touch-less faucets and doors (scenario 13) is much more efficient in reducing the mean number of infected customers (75% compared to the baseline) than increasing the frequency of cleaning restrooms (scenario 10, 97% compared to the baseline). 
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Lessons Learned  

1 
• Considering compliance is critical when 

evaluating the effectiveness of preventive 
measures  

2 

• More research is needed on Food Employee 
Behavior/ How to Improve Food Code 
Compliance 3 

• Both the efficacy and the level of compliance 
with an intervention are needed to determine 
effective control measures, and any 
improvement in either can have a large impact 
in reducing NoV foodborne illness 

Presenter
Presentation Notes
Our results suggest that handwashing and sanitation (scenario 19 and 20), no bare hand contact with RTE food via glove-use in addition to handwashing (scenario 18), and no contact in the restrooms between faucet, door handle and hands (scenario 13) are highly effective in reducing the transmission of norovirus compared to the baseline. However, glove wearing alone (scenario 11) with current compliance with changing gloves and handwashing when engaging food preparation does not have a clear impact on decreasing the risk of norovirus transmission. Interestingly, our results suggest that this scenario would increase to 114% the mean number of infected customers, while reducing to 91% compared to the baseline the number of heavily contaminated products (>1,000 GEC NoV). Note that, in our model, we consider norovirus transfer  from hands to gloves while the food employee is putting on gloves, as observed in Casanova et al. and Ronnqvist et al. This unexpected outcome may be explained by the higher norovirus transfer coefficients from gloves to surface and food items than from bare hands, as shown previously for bacteria.  This supports that wearing gloves without compliance with handwashing and changing gloves when engaging food preparation is not enough to reduce the transmission of norovirus in retail settings and highlights the necessity to change gloves and wash hands as recommended in the FDA Food Code. Indeed, the scenario 18 shows it is highly efficient if the food employees regularly changes their gloves and washes their hands when they engage in preparation and, importantly, wash their hands in the restrooms.Interestingly, an increase in the efficiency of handwashing appears to be very successful in reducing the risk linked to norovirus transmission in the retail food service setting (scenario 19 and 20).  A typical handwashing procedure usually removes 1-2 logs of norovirus from the hands.  Improving this efficiency, through better training, improved handwashing efficacy (such as through the use of soap that increases the level of friction on the hands, without damaging the skin), or other means would reduce the risk of norovirus transmission and foodborne illness in food establishments. 
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Lessons Learned, Continued 

4 

While the general impact of individual 
interventions may seem intuitive, the net impact of 
combined interventions along with potential levels 

of compliance with these interventions are not 
always what one might assume  

Presenter
Presentation Notes
This risk assessment provides a better understanding of the norovirus transmission pathway from infected food employees to RTE food in food establishments and supports the importance of removing symptomatic food employees to prevent norovirus foodborne illnesses.  Infected food employees who return to work too soon before full symptom resolution may continue to spread the virus and contaminate food.  The effectiveness of exclusion as a preventive control depends on the level of compliance, which in turn depends on the reasons and motivations of why food employees may work while ill. This study evaluated the impact of extending the exclusion period after symptom resolution from 24h to 48h and found that (1) reduction in mean numbers of infected customers is relatively small when compared with the other prevention strategies; (2) a comparable reduction could be achieved by increasing compliance with the 24h exclusion period and; (3) if compliance with the exclusion requirement is reduced as a consequence of the extension of the post-symptomatic exclusion period, the public health benefit could be reduced, eliminated, or lead to an increase in the mean number of infected customers. Whether or not a public health benefit results from the extension of the post-symptomatic exclusion period and the magnitude of that benefit/harm depend on the food employee behavior and more specifically on the level of compliance with the exclusion provision and, among those not-complying, the extent to which the change results in these food employees being excluded longer from the food establishment. This risk assessment identified major areas of improvement to prevent norovirus transmission in these settings including (1) avoiding the presence of any symptomatic food employees; (2) avoiding the transfer of norovirus from feces or vomit to the hands of food employees by using touchless faucets and eliminating hand contact with the door in restrooms; (3) avoiding the transfer of norovirus from the hands of food employees to food through proper hand hygiene and the prevention of bare hand contact with ready-to-eat food. Results of the impact of all preventive strategies on controlling norovirus foodborne illness are largely in line with what was expected in these settings such as the large impact of compliance with exclusion from work while ill, hand washing, or glove use when engaging in food preparation.  This research has demonstrated that when evaluating the impact of preventive controls, level of compliance with each preventive strategy should be evaluated separately. More research is needed to identify factors influencing compliance with existing prevention strategies.
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Wrap-Up: Risk Assessments: A New 
Tool for Retail Food Safety 

• Identifies the problem: Tells us where to focus our 
attention 

• Risk Assessments provide a data-driven system to help us analyze large 
quantities of data with transparency   

• Evaluates potential controls 
• Helps us focus on areas with greatest likelihood of pathogen contamination 

and/or growth in food preparation/distribution and,  
• Identifies knowledge gaps: Helps us prioritize research 

needs 
• Identifies effective interventions for the reduction of foodborne illness  

Presenter
Presentation Notes
Other discussion Points:  A Discrete Event model can help evaluate interventions in retail settings	Impact of interventions , but also	Impact of compliance with interventions , and	Interactions between interventions Data and Computer intensive	Meta-analyses	High Performing Computers More data needed: Food Worker behavior 	Current, and future following changes in the regulationsBetter model needed: Dose Response 	However, other outputs can be used (prevalence, prevalence of highly contaminated products)
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For more information, see full report:   
•Quantitative Risk Assessment of Norovirus Transmission in Food...  
Available free from  
Risk Analysis 2017 Mar 1. doi: 10.1111/risa.12758.  

http://r.search.yahoo.com/_ylt=A0LEVj5YoclY.fsAfosnnIlQ;_ylu=X3oDMTByOHZyb21tBGNvbG8DYmYxBHBvcwMxBHZ0aWQDBHNlYwNzcg--/RV=2/RE=1489637849/RO=10/RU=https:/www.ncbi.nlm.nih.gov/pubmed/28247943/RK=0/RS=xrSWRnikyysoO89tOiaF8.2ZMz8-
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