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Abstract

Norovirus is the leading cause of foodborne illness outbreaks in the United States, and restaurants 

are the most common setting of foodborne norovirus outbreaks. Therefore, prevention and control 

of restaurant-related foodborne norovirus outbreaks is critical to lowering the burden of foodborne 

illness in the United States. Data for 124 norovirus outbreaks and outbreak restaurants were 

obtained from Centers for Disease Control and Prevention surveillance systems and analyzed to 

identify relationships between restaurant characteristics and outbreak size and duration. Findings 

showed that restaurant characteristics, policies, and practices were linked with both outbreak size 

and outbreak duration. Compared with their counterparts, restaurants that had smaller outbreaks 

had the following characteristics: managers received food safety certification, managers and 

workers received food safety training, food workers wore gloves, and restaurants had cleaning 

policies. In addition, restaurants that provided food safety training to managers, served food items 

requiring less complex food preparation, and had fewer managers had shorter outbreaks compared 

with their counterparts. These findings suggest that restaurant characteristics play a role in 

norovirus outbreak prevention and intervention; therefore, implementing food safety training, 

policies, and practices likely reduces norovirus transmission, leading to smaller or shorter 

outbreaks.
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Norovirus is the leading cause of foodborne illness outbreaks in the United States. From 

2009 to 2015, norovirus was the most common cause of single-etiology foodborne outbreaks 

(38%) and outbreak-associated illnesses (41%) (11). Restaurants are the most common 

settings of foodborne norovirus outbreaks (81%) (15) and almost half (46%) of restaurant-

related foodborne outbreaks are caused by norovirus (1). These data indicate that prevention 

and control of restaurant-related foodborne norovirus outbreaks are critical to lowering the 

burden of foodborne illness in the United States.

Infected food workers are the most frequent source of food contamination in foodborne 

norovirus outbreaks (70%) (15). Food workers’ barehand contact with ready-to-eat food 

(food that requires no further preparation) is frequently the cause of contamination (15). 

Consequently, in addition to preventing ill or infectious staff from working, proper hand 

hygiene (appropriate hand washing and using gloves or utensils to prevent barehand contact 

with ready-to-eat foods) is key to preventing norovirus outbreaks and illness (15). Cleaning 

and sanitizing surfaces that come into contact with food are also important to reduce 

norovirus transmission in food service settings, because norovirus can persist on surfaces for 

long periods and be transferred to foods prepared on those surfaces (12).

The U.S. Food and Drug Administration (FDA) Food Code, a model set of science-based, 

comprehensive food safety guidelines, provides the basis for state and local food codes that 

regulate retail food service in the United States. The FDA Food Code contains guidelines 

aimed at preventing foodborne illness in food establishments and is revised periodically 

(25). Food Code provisions prohibit food workers from handling ready-to-eat foods with 

their bare hands (and suggest using barriers such as gloves), prohibit ill food workers from 

working or from handling food, and specify when and how food contact surfaces should be 

cleaned and sanitized.

The purpose of this article is to examine relationships between restaurant food safety 

policies and practices and norovirus outbreak characteristics. More specifically, we examine 

associations between policies and practices, particularly those associated with norovirus 

prevention, and outbreak size and duration in restaurants in which a norovirus outbreak 

occurred. In particular, we focus on policies and practices related to glove use, ill workers, 

and cleaning and sanitizing processes. We also examine additional restaurant characteristics 

that have been hypothesized or found to be associated with restaurant food safety. The 

results of these analyses will contribute to identifying and understanding restaurant 

characteristics that may mitigate norovirus outbreaks.

MATERIALS AND METHODS

We obtained data for this study from the two Centers for Disease Control and Prevention 

(CDC) foodborne outbreak reporting systems: the National Environmental Assessment 

Reporting System (NEARS) and the Foodborne Disease Outbreak Surveillance System 

(FDOSS). The study data set included only outbreaks that were reported in both systems. 

For both systems, a foodborne outbreak is defined as two or more cases of a similar illness 

linked to a common exposure (e.g., a setting or a food).
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NEARS: outbreak establishment characteristics.

We obtained data on characteristics of food establishments that experienced a foodborne 

outbreak from the NEARS. NEARS is a voluntary reporting system through which 

environmental health programs in state and local health departments report data to CDC 

from the environmental health component of their investigations of food establishment 

outbreaks (10). This component is designed to describe the environment in which the 

outbreak occurred and identify the factors and antecedents contributing to outbreaks. In a 

typical environmental assessment, an environmental health investigator visits the outbreak 

establishment and interviews the manager about establishment characteristics, such as food 

safety policies and practices and worker practices that may have contributed to the outbreak. 

The assessment also typically involves observing worker food preparation practices, 

specifically preparation of food items suspected to be linked to the outbreak. At the end of 

their investigation, participating health departments report selected data points from their 

environmental assessment through the NEARS Web-based reporting system.

Table 1 lists the variables extracted from NEARS and included in this study, along with data 

collection methods for the variables. They include establishment characteristics 

hypothesized or found to be associated with food safety at retail food establishments, such as 

staff food safety training and certification and establishment ownership (2, 3, 5, 8, 16, 20, 

23, 24). They also include establishment policies and practices designed to prevent 

contamination of food, focusing on hand hygiene (e.g., glove-use policy), preventing ill 

workers from working (e.g., policy requiring workers to inform their manager when they are 

ill), and cleaning and sanitizing (e.g., cleaning policy for food prep tables). Policies were 

coded as verbal (the policy is verbally conveyed to workers but is not written) or written.

FDOSS: outbreak characteristics.

We obtained data on foodborne outbreak characteristics from the FDOSS (Table 1). 

Outbreaks are voluntarily reported to FDOSS through the National Outbreak Reporting 

System, a Web-based platform used by state and local health departments to report 

epidemiologic and laboratory data from their foodborne outbreak investigations to CDC. 

Typically, epidemiology or communicable disease control programs within health 

departments collect and report these data, which include outbreak characteristics such as 

confirmed or suspected etiologies, implicated food, outbreak settings, and reported illnesses, 

hospitalizations, and deaths associated with the outbreak. We extracted data from FDOSS on 

outbreak size (number of suspected and confirmed primary illness cases associated with the 

outbreak), outbreak duration in days (date of last reported illness onset minus date of first 

reported illness onset), and cohort or case-control studies conducted as part of the outbreak 

investigation.

Final data set.

From 1 January 2014 through 31 December 2016, 16 state and local health departments 

reported 404 foodborne illness outbreaks to NEARS. We matched 341 (84.4%) of the 404 

NEARS outbreak records with FDOSS outbreak records; matches were based on outbreak 

identification numbers reported in the systems and manual review of pertinent outbreak 

characteristics (e.g., mode of transmission, location, etiology, and dates). Of the 341 
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matched outbreaks, 95.6% (326) of those had exposure that took place at a single location. 

To limit variability, we chose to include only outbreaks associated with restaurants and 

exclude other food establishments from our analyses (hereafter, we use the term 

“restaurant”). Of the 326 single-setting outbreaks, 270 (82.8%) were associated with a 

restaurant. Outbreak etiologies for both outbreak reporting systems were classified as 

confirmed if they were confirmed according to CDC laboratory and clinical guidelines (9); 

otherwise, they were classified as suspected. Among the 270 restaurant outbreaks, norovirus 

was reported as the sole etiology in 135 (50.0%). Eleven outbreaks were excluded from 

analysis because restaurant manager interviews were not conducted. The final data set 

contained 124 norovirus outbreaks associated with a restaurant. These outbreaks occurred in 

Connecticut, Minnesota, New York City, New York State (excluding New York City), Rhode 

Island, Tennessee, Washington, and Wisconsin.

Potential control variables.

Two potential control variables were included in the multiple-variable models. The first was 

whether a cohort or case-control study was conducted as part of the investigation. Such 

epidemiologic studies can help implicate specific foods and can potentially identify more 

cases or be used in outbreaks with a larger number of cases. Therefore, we corrected for the 

influence of epidemiologic studies to test the unique relationships between restaurant 

characteristics and outbreak size and duration. The second potential control variable was 

whether the restaurant was part of a chain or was independently owned. Previous research 

has shown a consistent relationship between ownership and food safety (2, 3, 6, 14, 17, 20). 

Again, we corrected for the influence of ownership to test the unique relationships between 

restaurant characteristics and outbreak size and duration. We also considered controlling for 

the number of meals the restaurant served daily, assuming this variable would be linked with 

outbreak size. However, no evidence supported this assumption, so we did not control for 

number of meals served in the analyses.

Regressions.

We first calculated descriptive statistics on all continuous restaurant characteristic variables 

(e.g., number of critical violations) and dichotomized them using approximate median splits. 

Next, we calculated the frequency and mean size and duration of each characteristic option 

(Table 2). We then conducted truncated simple negative binomial regression models to 

examine the relationships of each of the 22 characteristics with outbreak size and duration 

(Tables 3 and 4). Finally, we conducted multiple-variable, truncated, negative binomial 

regression models examining the relationship between each of the characteristic variables 

and each of the two outcomes, controlling for ownership type and investigation methods 

(Tables 3 and 4). The outcome distributions are negative binomial, because they are 

positively skewed, made up of count data, and have variances greater than their means (i.e., 

overdispersion). Both outcomes are truncated, because their minimum values must be 

greater than zero. An outbreak, by definition, must involve at least two people (outbreak size 

≥ 2) and must last for a minimum of 1 day (outbreak duration ≥ 1).

Results are presented in terms of predicted values, predicted value ratios (i.e.,eβi), and the 

nonstandardized beta weight P values. The results and discussion focus on the multiple-
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variable models, but we included the single-variable models to put effects into context. 

Characteristics significant at P < 0.05 are discussed below. All analyses were conducted with 

SAS 9.4 with advance modeling using PROC NLMIXED.

RESULTS

Outbreak characteristics.

The median outbreak size was 11.5 ill people (Q1 = 7.0, Q3 = 23.5, min = 2, max = 112). 

The mean outbreak size was 18.7 ill people (variance = 375.0, skewness = 2.5, n = 124). The 

median outbreak duration was 3.0 days (Q1 = 2.0, Q3 = 4.0, min 1, max = 13). The mean 

outbreak duration was 3.5 days (variance = 5.9, skewness = 2.0, n = 124). Outbreak size and 

duration were moderately positively correlated (r = 0.63, P < 0.001).

Investigators identified at least one contributing factor in 92 outbreaks (74.2%). Outbreaks 

can have more than one contributing factor, and 112 were identified altogether, all related to 

contamination. The most frequent contributing factor was barehand contact by a food worker 

suspected to be infectious (44.6%, 41 of 92), followed by contamination (other than by 

hands) by a food worker suspected to be infectious (32.6%, 30) and gloved-hand contact by 

a food worker suspected to be infectious (16.3%, 15). Altogether, 93.5% of outbreaks (86) 

had one of these three infectious food worker contributing factors. Other contributing factors 

were contamination by a nonfood worker suspected to be infectious (3.3%, 3), contaminated 

raw product (1.1%, 1), storage in a contaminated environment (1.1%, 1), and other source of 

contamination (2.1%, 2).

Restaurant characteristics.

Most restaurants reporting norovirus outbreaks were independently owned (73.4%), had 

complex food preparation processes (processes requiring a kill step, which include holding 

beyond same-day service or a combination of holding, cooling, reheating, and freezing) 

(87.9%), and served 200 or fewer meals a day (52.1%) (Table 4). Most restaurants had at 

least one food safety–certified kitchen manager (84.6%) and provided food safety training to 

managers (95.2%) and food workers (92.7%). The largest category of training provided to 

managers was both on-the-job and classroom training (47.6%), whereas the largest category 

of training provided to food workers was on the job (49.6%). Investigators observed food 

workers wearing gloves while handling food in most restaurants (85.5%) but observed food 

workers handling ready-to-eat foods with their bare hands in almost a third of restaurants 

(27.4%). Most restaurants (91.1%) had a verbal or written disposable glove-use policy, but 

less than a third (30.9%) had a written policy. Most restaurants (93.4%) had a verbal or 

written policy requiring workers to tell managers when they were ill; about 60% (59.3%) 

had a written policy. Most restaurants (>92.7%) had a verbal or written cleaning policies for 

the kitchen floor, cutting boards, and food prep tables, but less than half of restaurants 

(<47.6%) had written cleaning policies. Table 4 contains data on additional characteristics.

Restaurant characteristics predictive of outbreak size.

Simple regression analysis identified seven characteristics that significantly predicted (P < 

0.05) restaurants’ outbreak size (Table 2). The following characteristics predicted smaller 
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outbreaks: lack of case control or cohort studies, one or more critical violations on the last 

routine inspection, at least one food safety–certified manager, food safety training for 

kitchen managers and for food workers, glove-use, and cleaning policies.

Multiple regression models, controlling for ownership and outbreak investigation methods, 

identified seven characteristics that significantly predicted restaurants’ average outbreak size 

(Table 2). Outbreak size was significantly smaller in restaurants with at least one food 

safety–certified kitchen manager than in restaurants in which no kitchen managers were 

certified (ratio [outbreak size for restaurants with at least one certified manager divided by 

outbreak size for restaurants with no certified managers] = 0.57). Compared with when no 

food safety training was provided to managers, outbreak size was significantly smaller for 

restaurants in which manager food safety training was provided in the classroom (ratio = 

0.48), on the job (ratio = 0.27), and both in the classroom and on the job (ratio = 0.34). 

Compared with when only classroom training was provided to managers, outbreak size was 

also significantly smaller for restaurants in which both classroom and on-the-job training 

were provided (ratio = 0.72) and when only on-the-job training was provided (ratio = 0.47). 

The pattern of results differed for food safety training for food workers. Outbreak size was 

significantly smaller in restaurants that provided classroom and on-the-job training to food 

workers than in restaurants that provided no training (ratio = 0.43), only classroom training 

(ratio = 0.50), and only on-the-job training (ratio = 0.61). Outbreak size was significantly 

smaller for restaurants in which investigators saw food workers wearing gloves while 

handling food than in restaurants in which glove use was not seen (ratio = 0.56). Restaurants 

that had a verbal or written cleaning policy for kitchen floors had significantly smaller 

outbreaks than restaurants that had no cleaning policy for kitchen floors (ratios = 0.31 or 

0.29, respectively). Outbreak size was also significantly smaller for restaurants that had a 

written cleaning policy for cutting boards (ratio = 0.68) and food prep tables (ratio = 0.63) 

compared with restaurants with verbal policies only. None of the general restaurant 

characteristics or ill worker characteristics were significantly associated with outbreak size.

Restaurant characteristics predictive of outbreak duration.

Simple regression analysis identified four characteristics that significantly predicted (P < 

0.05) restaurants’ outbreak duration (Table 3). Characteristics that predicted shorter 

outbreaks included complexity of the food preparation process, number of managers, and 

food safety training for kitchen managers and for food workers. Multiple regression models, 

controlling for ownership and outbreak investigation methods, identified three characteristics 

that significantly predicted restaurants’ outbreak duration (Table 3). Outbreak duration was 

significantly shorter for restaurants for which cook-serve (food items requires a kill step, 

such as cooking) was their most complex food preparation process compared with 

restaurants that served foods requiring complex food preparation (food item requires a kill 

step and holding beyond same-day service or a combination of holding, cooling, reheating, 

and freezing) (ratio = 0.52) and for restaurants with one or two managers compared with 

three or more managers (ratio = 0.65). Compared with when no food safety training was 

provided to managers, outbreak duration was significantly shorter for restaurants in which 

manager food safety training was provided in the classroom and both in the classroom and 

on the job (classroom ratio = 0.55, both classroom and on-the-job ratio = 0.47).
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DISCUSSION

More than 90% of outbreaks with identified contributing factors in this study involved 

contamination by ill workers; these data indicate that contamination by ill workers is the 

most common contributing factor in foodborne norovirus outbreaks associated with 

restaurants. This finding is consistent with previous analyses of national outbreak data (19). 

The descriptive data also highlight some gaps in restaurant policies and practices that might 

play a role in outbreak prevention and mitigation. These include gaps in food safety training 

for managers and workers, in cleaning and ill worker policies, and in glove use. The 

regression findings presented here support the contention that these gaps may be related to 

outbreak size and duration. Compared with their counterparts, restaurants that had smaller 

outbreaks had food safety–certified managers, provided food safety training to their 

managers and workers, required food workers to wear gloves, and had cleaning policies. 

Restaurants had shorter outbreaks if they provided food safety training to managers.

The finding that norovirus outbreaks were smaller in restaurants with food safety–certified 

managers and restaurants providing food safety training to managers and workers supports a 

growing body of research showing that food safety training and certification is important to 

retail food safety. Much of this research has documented links between food safety training 

and certification and safer retail food preparation practices, such as appropriate hand 

washing, food storage temperatures, and frequent slicer cleaning (3, 5, 8, 13, 17, 25). The 

data presented here suggest that this link between training and practices may translate to 

reduced outbreak size.

Our findings on relationships between food safety training and outbreak size further support 

the importance of training to food safety. Outbreak size was smaller when food safety 

training was provided than when it was not; this finding was particularly pronounced for 

manager training. The findings that outbreak size is smaller for restaurants providing both 

on-the-job and classroom training than for restaurants providing only one type of training 

suggests that multiple delivery methods may improve the impact of training. Specifically, 

this finding suggests that on-the-job training is preferable to classroom training; on-the-job 

training can provide context and allow real-world application of training principles, likely 

facilitating understanding and adoption of food safety practices. Alternatively, this finding 

may simply indicate that more training is better than less training. Recent reviews on the 

effectiveness of food safety training are inconclusive on these specific issues (21, 27) and 

more research is needed to explore this relationship.

The finding that norovirus outbreaks were smaller in restaurants that had cleaning policies 

suggests the potential benefits of such policies in mitigating outbreak size. Proper cleaning 

and sanitizing are important in preventing norovirus outbreaks, because these practices 

reduce contamination risk and worker exposure to viruses persistent on surfaces (12). 

Because norovirus is resistant to many common cleaners, has a low infectious dose, and can 

persist in the environment for days to weeks (18) the existence of (and though unmeasured 

in this study, adherence to) specific procedures for cleaning and sanitizing is likely a critical 

measure to control further spread. A recent study found that delis with slicer cleaning 

policies cleaned their slicers more frequently than delis without such policies (3).
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The finding that outbreak size was significantly smaller in restaurants in which food workers 

were wearing gloves suggests that glove use may mitigate outbreak size. Although the 

finding was nonsignificant, the directionality of the glove-use policy finding supports this 

assertion; greater policy formality was related to smaller outbreaks. That is, outbreaks were 

largest when there was no glove-use policy and smallest when there was a written glove-use 

policy.

Observed worker barehand contact with ready-to-eat food was not related to outbreak size 

and duration, even though barehand contact by an infectious worker was the most common 

contributing factor to the outbreaks in this study. Worker barehand contact with ready-to-eat 

foods may cause outbreaks but may not substantially influence outbreak size or duration. 

Minimizing barehand contact with ready-to-eat food is an important step in preventing 

norovirus transmission and outbreaks, and glove use is a common way to prevent that 

contact in restaurants. Further investigation is warranted to explore these relationships.

One relationship between establishment characteristics and outbreak duration mirrored 

outbreak size relationships. Outbreaks were shorter in restaurants where managers were 

provided food safety training. However, two relationships were unique to outbreak duration. 

Restaurants that only served food items not involving temperature control processes (such as 

holding and cooling) had shorter outbreaks than restaurants serving food items that did 

involve these processes. Although possible temperature abuse during these processes does 

not lead to proliferation of norovirus as it does with bacteria, food items involving complex 

food preparation may involve more handling and thus may create more risk of cross-

contamination. These complex food items may also be stored and served for longer periods 

than less complex foods, leading to extended exposure. For example, workers may cook a 

large batch of food, serve some, and then cool it and place it in cold storage overnight before 

reheating it for service the next day. Finally, restaurants with one or two managers had 

shorter outbreaks than restaurants with three or more managers. One possibility is that 

having more managers may lead to inconsistent interventions and messaging with food 

workers and thus a delay in outbreak resolution. More research is needed to explore this 

relationship.

These results suggest that establishment characteristics affect the duration of norovirus 

outbreaks less than they affect the size of outbreaks. Norovirus has a short incubation period 

(12 to 48 hours), and norovirus outbreaks are often point-source outbreaks, originating with 

an ill food worker; once the worker is removed, the outbreak typically ends. However, the 

size of the outbreak is likely affected by several factors, including policies and practices. For 

example, restaurants with workers who do not touch ready-to-eat food with their bare hands 

and clean food contact surfaces often and well are likely to reduce food contamination, 

thereby reducing the number of people who get sick.

No ill worker policy characteristics were significantly related to outbreak size or duration. 

Several potential explanations may account for this lack of relationship. This study did not 

measure policy enforcement, only policy existence. Enforcing ill worker policies is possibly 

more difficult and less effective than enforcing other policies, such as cleaning policies. For 

example, enforcing ill worker policies requires knowledge about the worker that may not be 
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observable, unlike enforcing cleaning policies. In addition, appropriately implementing ill 

worker policies can lead to worker absenteeism, which can negatively affect restaurants 

(e.g., understaffing) (22). Managers may therefore be less likely to adhere to ill worker 

policies than to other policies for which adherence has less negative impact. Workers may 

also be averse to missing work; they may fear negative impacts for themselves (e.g., loss of 

income or job) or have other concerns (e.g., concerns about leaving their coworkers short 

staffed) (7); these factors may lead to lack of adherence to these policies. Given the 

complexity of these interventions, not finding a relationship between them and outbreak 

characteristics is perhaps not surprising.

This study has several limitations. First, the study collected cross-sectional data, which do 

not allow causal inferences about the relationships among outbreak establishment 

characteristics, size, and duration. Characteristics we did not measure, such as restaurant 

revenue or other food safety policies and practices, may be driving these relationships. 

Second, restaurant characteristic data were primarily collected through manager interviews; 

these data might be subject to social desirability bias, in which respondents overreport 

socially desirable conditions (e.g., the existence of food safety policies). Third, the findings 

are based on data reported by a limited number of sites and may not represent all U.S. 

outbreaks. A final limitation is the time frame of data collection. Investigators collected data 

on restaurant characteristics during outbreak investigations, not before the outbreak. 

Although investigators try to collect these data as soon as possible after they become aware 

of a potential outbreak, the data collection timeframe varies depending on circumstances (4). 

Restaurant managements can change their policies and practices once they become aware of 

a potential outbreak but before or during data collection and investigation activities. Thus, 

we cannot assume that the assessed policies and practices in place during the investigation 

were in place during pathogen transmission. Lack of food safety training, policies, and 

practices can be environmental antecedents to foodborne outbreaks; for example, lack of 

glove use can lead to hand contamination of foods, subsequent pathogen transmission, and 

outbreaks. However, implementing training, policies, and practices once outbreaks are 

identified (i.e., during outbreak investigations) could also reduce transmission during the 

outbreaks, leading to smaller or shorter outbreaks. In either case, our findings suggest that 

these restaurant characteristics likely play a role in outbreak prevention and intervention.

Food safety training and certification and food safety policies are considered important 

contributors to strong food safety management systems in restaurants; strong food safety 

management systems are critical to retail food safety (25). The retail industry and food 

safety officials should support and encourage food safety certification for managers, food 

safety training for retail food staff, and the development and implementation of strong food 

safety policies. In addition, states should consider incorporating the most recent version of 

the FDA Food Code into their food safety regulations, specifically the provisions related to 

norovirus prevention (e.g., hand hygiene). Finally, research comparing restaurants that have 

had norovirus outbreaks with restaurants that have not had such outbreaks can contribute 

significantly to our knowledge about outbreak prevention.
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HIGHLIGHTS

• Restaurant policies and practices are related to smaller and shorter norovirus 

outbreaks.

• Outbreaks were smaller and shorter in restaurants with staff food safety 

training.

• Outbreaks were smaller in restaurants with cleaning policies.

• Outbreaks were smaller in restaurants in which workers were observed 

wearing gloves.
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