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Abstract

Noroviruses are the leading cause of foodborne disease in the United States. Foodborne
transmission of norovirus is often associated with contamination of food during preparation by
an infected food worker. The U.S. Food and Drug Administration’s Food Code provides model
food safety regulations for preventing transmission of foodborne disease in restaurants; however,
adoption of specific provisions is at the discretion of state and local governments. We analyzed
the food service regulations of all 50 states and the District of Columbia (i.e., 51 states) to
describe differences in adoption of norovirus-related Food Code provisions into state food service
regulations. We then assessed potential correlations between adoption of these regulations and
characteristics of foodborne norovirus outbreaks reported to the National Outbreak Reporting
System from 2009 through 2014. Of the 51 states assessed, all (100%) required food workers

to wash their hands, and 39 (76%) prohibited bare-hand contact with ready-to-eat food. Thirty
states (59%) required exclusion of staff with vomiting and diarrhea until 24 h after cessation

of symptoms. Provisions requiring a certified food protection manager (CFPM) and a response
plan for contamination events (i.e., vomiting) were least commonly adopted; 26 states (51%)
required a CFPM, and 8 (16%) required a response plan. Although not statistically significant,
states that adopted the provisions prohibiting bare-hand contact (0.45 versus 0.74, £=0.07),
requiring a CFPM (0.38 versus 0.75, P=0.09), and excluding ill staff for =24 h after symptom
resolution (0.44 versus 0.73, P=0.24) each reported fewer foodborne norovirus outbreaks per
million person-years than did those states without these provisions. Adoption and compliance with
federal recommended food service regulations may decrease the incidence of foodborne norovirus
outbreaks.
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Noroviruses are the leading cause of acute gastroenteritis and foodborne disease in the
United States (11). From 2009 through 2012, approximately 48% of foodborne disease
outbreaks reported to the National Outbreak Reporting System (NORS) that had a single
known etiology were caused by noroviruses (15). Symptoms of norovirus infection generally
include vomiting and diarrhea; however, infected individuals can be asymptomatic (13).
Noroviruses can be spread by ingestion of contaminated food or water, contact with
contaminated fomites, direct person-to-person contact, and inhalation and subsequent
ingestion of aerosolized vomitus (13, 21). Norovirus can be shed in high quantities by
infected individuals, and shedding can occur before, during, and after presentation of
symptoms (1). The virus has a low infectious dose (18 to 2,800 viral particles) (2, 24),

can withstand freezing temperatures and heating, and is difficult to kill with common
disinfectants (13). Therefore, norovirus can spread quickly in food service settings, where a
contaminated food item can potentially expose hundreds of people.

Foodborne norovirus outbreaks are typically associated with contamination of food during
preparation by an infected food service worker, often involving bare-hand contact with
ready-to-eat (RTE) foods or working while ill (3, 11). Among foodborne norovirus
outbreaks occurring from 2009 through 2012, infected food workers were implicated as the
source of contamination in 70% of outbreaks in which factors contributing to contamination
were reported; bare-hand contact was specifically implicated in over half of these outbreaks
(15). Of the reported foodborne norovirus outbreaks, 90% involved foods prepared in food
service facilities, most commonly in restaurants (15).

The U.S. Food and Drug Administration (FDA) Food Code provides model food safety
regulations for preventing transmission of foodborne disease in food service facilities

(31). Since 2009, the Food Code has been published every 4 years, based on stakeholder
input from the food industry, consumer groups, academia, and government through the
Conference for Food Protection (7). Before 2009, the Food Code was revised every 2 years.
Updates or revisions to Food Code provisions may be released between published versions
in the form of a supplement to the previously published version. Although the Food Code
represents current guidelines for food safety, adoption of the Food Code provisions, in whole
or in part, is at the discretion of state and local governments; consequently, adoption varies
widely among states (30).

Uniform adherence to food service guidelines has significant potential to improve food
safety in the United States. Identification of gaps in adherence to these guidelines would
allow lawmakers and the food industry to determine appropriate areas for improvement.

The primary objective of our study was to assess adoption of specific norovirus-related

food service provisions of the 2013 FDA Food Code (31) that were previously identified as
important in decreasing transmission of foodborne norovirus (15) and to describe differences
in the adoption of these provisions among states. \We also evaluated associations between
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the adoption of select provisions and the rate and characteristics of foodborne norovirus
outbreaks reported by each state.

MATERIALS AND METHODS

Food service provisions.

We searched the government Web sites of all 50 states and the District of Columbia
(hereinafter referred to as 51 states) to obtain the most recent food code regulations

that were in effect as of 31 December 2014. Publicly accessible regulations (Table 1)

were downloaded from government Web sites and/or obtained through contact with state
public health departments. Regulations were assessed by two independent reviewers for the
presence of provisions on hand washing, bare-hand contact with RTE food, exclusion of ill
workers, certified food protection manager (CFPM), and a response plan for contamination
events, as described in the 2013 FDA Food Code. Descriptions of each provision and the
specific criteria used for assessment of state regulations in this analysis are provided in Table
2.

Outbreak data.

Analysis.

Data on all foodborne disease outbreaks with a first illness onset date of 1 January 2009

to 31 December 2014 and that listed norovirus as the only epidemiologically suspected or
laboratory-confirmed etiology were obtained from NORS on 4 December 2015. NORS is

an Internet-based voluntary surveillance system used by local, state, and territorial public
health agencies to report to the Centers for Disease Control and Prevention (CDC) all
foodborne and waterborne disease outbreaks and enteric disease outbreaks that are spread by
person-to-person contact or environmental contamination or have other or unknown modes
of transmission (6, 14). Foodborne outbreaks are defined as two or more cases of a similar
illness associated with a common exposure in which food is reported as the primary mode of
transmission. The following outbreak characteristics were extracted from NORS: outbreak
size and duration, implication of food workers as the source of the outbreak, implication of
bare-hand contact by an infected worker, and whether an analytic study (i.e., case-control or
cohort) was conducted as part of the outbreak investigation.

NORS data were cleaned and analyzed using SAS 9.3 (SAS Institute, Cary, NC) and R

(20, 23). State-specific population-based reporting rates (i.e., the number of NORS reports
per population in each state during the 6-year reporting period) of foodborne norovirus
outbreaks were calculated using 2014 state population estimates from the U.S. Census
Bureau (26), under the assumption that each state’s population did not change significantly
from 2009 through 2014. Reporting rates were presented in person-time, which combines
the number of persons at risk (i.e., number of people in each state) and the study period (i.e.,
6-year reporting period) and standardized to 1 million persons per year. NORS data were
then merged with the data from our assessment of state regulations.

For the analysis, continuous variables (i.e., outbreak size and duration) were dichotomized
using the median. An outbreak was defined as large when the estimated number of primary
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RESULTS

cases was 12 or more persons and small when the estimated number of primary cases was
less than 12. An outbreak was considered to be of long duration when the dates of illness
onset spanned three or more days and of short duration when dates of illness onset spanned
less than 3 days.

We were unable to assess associations with the provision on hand washing because all
states had adopted some form of this provision. We also did not assess associations with
the provision requiring a contamination response plan because few states had adopted this
provision. We used the Wilcoxon rank-sum test to independently compare the outbreak
reporting rates of states with and without the specified provisions and used multivariate
linear regression to simultaneously assess associations between outbreak reporting rate and
adoption of these provisions. We used multivariate logistic regression models to assess
associations between adoption of each specific provision and the outbreak characteristics
extracted from NORS, controlling for reporting rate and adoption of other provisions. We
also controlled for whether a cohort or case-control study was conducted, as an indication
of investigation intensity. Statistical significance was determined by the 95% confidence
interval (ClI) for all analyses.

Food service provisions.

Of the 51 states assessed, all adopted at least one of the five norovirus-related food service
provisions in their respective food codes. A majority (33 states, 65%) adopted three or fewer
provisions (Fig. 1). Thirteen states (25%) adopted four provisions, and five states (10%)
adopted all five of the selected provisions.

Hand hygiene provisions, specifically requiring hand washing and prohibiting bare-hand
contact, were most widely adopted (Fig. 2). All states had provisions requiring hand
washing, and 39 (76%) prohibited bare-hand contact with RTE food; an additional 8

states (16%) did not completely prohibit bare-hand contact but called for limitation or
minimization of bare-hand contact with RTE food. Although all states included some type
of provision regarding hand washing, not all components outlined in the Food Code were
adopted by all states. The Food Code describes nine situations in which a food worker
should wash his or her hands (Table 3). All states adopted the subprovision requiring hand
washing after using the restrooms, but other subprovisions were not as widely adopted. The
subprovision requiring food workers to wash their hands “before donning gloves to initiate a
task that involves working with food” was least commonly included in state food codes, with
only 40 states (78%) including this subprovision in their respective food codes.

Wide variation was observed in the adoption of ill staff exclusion policies. Overall, all but
one of the 51 states assessed (98%) included some type of provision requiring exclusion or
restriction of employees that were ill with vomiting and diarrhea; however, guidelines for
the postsymptomatic period differed among states. Thirty states (59%) required employees
to be excluded until 24 h after cessation of vomiting and diarrhea, as described in the

2013 FDA Food Code (Fig. 2). Two states (6%) did not explicitly require a 24-h exclusion
period but required at a minimum restriction of employees from food handling activities
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until 24 h after symptoms have resolved (Fig. 3). Restriction allows ill workers to report

to work but restricts them from certain food handling activities that may contribute to
illness transmission. Seven states (14%) required exclusion or restriction while employees
are experiencing vomiting or diarrhea but allowed employees to return to duties when
these symptoms ceased. An additional 11 states (22%) required exclusion or restriction
while employees are experiencing vomiting or diarrhea but did not specify a length of time
for exclusion or restriction. Thirty states (59%) included an additional norovirus-specific
exclusion period in their respective food codes, requiring exclusion of those with a lab-
confirmed norovirus diagnosis until 24 h after cessation of symptoms then restriction for
another 24 h (Fig. 3).

The least commonly adopted provisions were those requiring food establishments to have at
least one CFPM and to have a plan in place for responding to contamination events (Fig. 2);
only 26 states (51%) included the requirement for a CFPM in their food codes, and only 8
states (16%) required a contamination event response plan.

Associations with outbreak characteristics.

In total, 1,475 suspected or confirmed foodborne norovirus infection outbreaks that were
reported to NORS occurred between 1 January 2009 and 31 December 2014. Individual
states reported 0 to 173 (median, 10) foodborne norovirus outbreaks during the 6-year
period, with a median reporting rate of 0.47 outbreaks per million person-years (range, 0.00
to 5.25 outbreaks per million person-years). Three states did not report any foodborne
norovirus outbreaks in the 6-year period; therefore, these states were not included in

our analysis of associations with outbreak reporting rates or characteristics. Although not
statistically significant, states that adopted the provisions prohibiting bare-hand contact (0.45
versus 0.74, P=0.07), requiring a CFPM (0.38 versus 0.75, A= 0.09), and excluding ill
staff for =24 h after symptom resolution (0.44 versus 0.73, P=0.24) each reported fewer
outbreaks per million person-years than did those states that did not adopt these provisions
(Fig. 4). When analyzed in a multivariate model, controlling for the adoption of 24-h ill staff
exclusion and the requirement for a CFPM, states that prohibited bare-hand contact had a
significantly lower reporting rate (£ < 0.0001) than did states without the provision.

Controlling for reporting rate, adoption of other provisions, and type of investigation
conducted, we found significant associations between certain provisions and specific
outbreak characteristics (Table 4). States that adopted the provision requiring a CFPM were
1.7 times (95% Cl, 1.3, 2.1) more likely to implicate a food worker as the source of a
reported outbreak that were those states without the provision. States that adopted the 24-h
ill staff exclusion provision were 0.5 times (0.4, 0.6) more likely to have a smaller outbreaks,
0.7 times (0.5, 0.9) more likely to have shorter outbreaks, and 1.7 (1.0, 2.9) times more
likely to implicate bare-hand contact by a food worker suspected to be infectious than were
states without the provision.

DISCUSSION

In this assessment of state food codes, we found that provisions related to hand hygiene were
the most widely adopted. Although some requirement for hand washing was adopted by
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all states, we found variation in adoption of subprovisions that specify times at which food
workers should wash their hands. The least commonly adopted of these subprovisions was
the requirement to wash hands before donning gloves. Adoption of hand hygiene provisions
is crucial to food safety; poor hand hygiene has been cited as a key factor in the transmission
of foodborne disease. A systematic review of 81 foodborne disease outbreaks attributed to
food contaminated by food workers revealed that nearly all outbreaks were associated with
poor hand hygiene, such as improper hand washing and bare-hand contact with food (22).
When used properly, gloves can decrease pathogen transmission between food items and
the hands of food workers (19). However, gloves are not always used appropriately, which
should include changing gloves when necessary and washing hands before and after glove
use. In an observational study of over 300 food workers, appropriate hand washing was less
likely when gloves were worn (10).

The provisions regarding ill staff exclusion differed considerably among the states assessed.
About 60% of states assessed adopted the 2013 Food Code requirement of exclusion of
workers with diarrhea or vomiting until 24 h after symptom resolution. The same number
of states included the norovirus-specific exclusion period in their codes, requiring that
employees with a laboratory-confirmed diagnosis be excluded for 24 h after cessation of
symptoms and then restricted for another 24 h after exclusion. Although all but one state
required exclusion or restriction of ill food workers while symptomatic, compliance and
enforcement may be lacking. In a survey of over 400 restaurant workers, nearly 60%
reported working while ill in the previous year, and 20% had worked while ill with vomiting
and diarrhea specifically (4). Nearly half of those who worked while ill indicated that their
managers, to whom the responsibility of ill staff exclusion belongs, were not aware of their
illness (4). This finding suggests that effective enforcement of the recommended regulations
requires proper education of food handlers to foster appreciation of the health hazards of
working while ill and the importance of reporting illnesses.

The timing of addition of provisions to the Food Code may affect the inclusion of these
provisions in state regulations, because there may be a considerable lag between addition

of provisions to the Food Code and state adoption due to state rule-making processes. The
two least commonly adopted provisions included in this assessment were those requiring a
CFPM and a contamination event response plan. These provisions were also the most recent
ones incorporated into the Food Code; the provisions were added in 2011 as a supplement
to the 2009 FDA Food Code (29) and were subsequently included in the 2013 Food Code.
In contrast, the more commonly adopted provision requiring exclusion of ill staff until 24

h after symptoms was added to the Food Code in 2005 (28). Although a CFPM was not
explicitly required in previous versions of the Food Code, previous versions allowed for this
certification to fulfill the requirement that a person in charge demonstrate knowledge of food
safety. Unlike the provision requiring a CFPM, the contamination response plan provision
was not mentioned in previous versions of the Food Code. This provision is important for
norovirus infection prevention because public vomiting events have been recognized as a
cause of outbreaks (18, 32), and without proper cleaning the virus can persist on food
preparation surfaces such as stainless steel and ceramic for up to 42 days (17).
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The provisions requiring hand washing and prohibiting bare-hand contact with RTE food,
which were the two most commonly adopted provisions, were included in Food Code
versions as early as 1997 (previous versions of the Food Code were not available on the
Internet for analysis). However, the least commonly adopted hand washing subprovision,
requiring food workers to wash their hands before donning gloves, was added to the Food
Code in 2001 (27). These comparisons revealed that although the year that the provision was
incorporated into the Food Code may impact the uptake of these provisions into state food
service regulations, other factors may influence state adoption of a provision.

Because the ultimate goal of food safety regulations is to decrease foodborne disease,

we sought to explore potential associations between adoption of specific provisions and
the frequency and characteristics of reported outbreaks. When we compared the outbreak
reporting rates of states, we found that those states that adopted the specified provisions
(requirement of a CFPM, prohibition of bare-hand contact with RTE foods, and 24-h
exclusion of ill food workers) had lower median outbreak reporting rates than did those
states that did not adopt these provisions, although these associations did not reach statistical
significance. Controlling for adoption of the 24-h ill staff exclusion provision and the
requirement for a CFPM, we found that adoption of the provision prohibiting bare-hand
contact was significantly associated with decreased outbreak reporting rate. These findings
suggest that adoption of these specific food service provisions may have an impact on
reducing the rates of reported norovirus outbreaks.

States that adopted the requirement for a CFPM were significantly more likely than those
without this requirement to implicate an ill food worker as the source of a reported outbreak.
Because the responsibilities of a CFPM include ensuring that food workers are observing
proper food safety protocols (31), including reporting of worker illness, this finding suggests
that the presence of a CFPM is helpful for identifying workers who are in violation of

the protocols by working while ill. In previous studies, the presence of a CFPM has had

a protective effect on foodborne disease outbreaks, including those specifically caused by
norovirus, and the identification of critical violations during restaurant inspections (5, 16).

We also found that states that had adopted the 24-h ill staff exclusion provision were
significantly less likely to have outbreaks of a smaller size and shorter duration. This
association may reflect the preferential reduction of shorter, smaller outbreaks caused by
the relatively brief exposure period from ill food workers as opposed to outbreaks with
more protracted periods of exposure, such as those involving foods contaminated during
production or processing. Our analyses also indicated that states with the 24-h exclusion
provision were significantly more likely to implicate bare-hand contact by an infectious food
worker. However, these same states were not significantly associated with implication of ill
food workers. Because outbreaks in which bare-hand contact by an infectious food worker
was implicated are a subset of those in which an infectious food worker was implicated,

this association may be spurious. However, one potential explanation is that those states that
are excluding ill food workers are also more actively evaluating the activities of individuals
in the kitchen to determine whether those individuals should be excluded and therefore
identifying critical violations such as bare-hand contact with food. Another possibility is
that the 24-h exclusion period may not be long enough to prevent transmission from a
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postsymptomatic infected food worker; although individuals infected with norovirus may
have symptoms for only 1 to 3 days, they may shed the virus for an average of 4 weeks
after infection (1). Therefore, these findings may indicate outbreaks in which ill food
workers were excluded in accordance with the regulations but were still shedding infectious
virus when they returned to work, suggesting that the 24-h postsymptomatic exclusion
period for vomiting and diarrhea may not be sufficient because most norovirus infections
are not diagnosed (9, 12, 25). This issue was further reinforced at the 2016 Conference
for Food Protection (8), where the Conference voted to increase the postsymptomatic
exclusion period for vomiting and diarrhea to 48 h in the 2017 Food Code to align with
the postsymptomatic exclusion period for individuals actually diagnosed with norovirus
infection.

Although the findings in this study are generally consistent with the notion that adoption

of food safety provisions is associated with decreased incidence and improved management
of foodborne outbreaks, some associations, such as that observed between the adoption

of the 24-h ill staff exclusion and implication of bare-hand contact by an infectious food
worker, were contradictory to other observed associations. This discrepancy suggests that
the presence of other potential confounders, including variable compliance with these
provisions and various reporting biases, may have resulted in spurious associations, and
these results should be interpreted with caution. Because NORS is a passive surveillance
system, reporting rates may not reflect the true number of outbreaks that occur in a
particular state. Although all outbreaks are notifiable events and state health departments
are strongly encouraged to report outbreaks to NORS, competing priorities and limited
resources may restrict the number of outbreaks that are investigated and reported. These
issues are likely reflected in the 100-fold difference in foodborne norovirus outbreak
reporting rates between the highest and lowest reporting states (15). Additional food safety
provisions may also be adopted at municipal levels that exceed the requirements adopted at
the state level, and some restaurants, such as larger chains, may have their own policies that
are more stringent than those stipulated by the state food service regulations. Promulgation
of regulations or policies on any level does not guarantee compliance by employees or
enforcement by management. Finally, our data were collected from outbreaks that occurred
during 2009 through 2014, and many of these outbreaks predated adoption of provisions first
introduced in the 2011 Food Code supplement (29). However, we analyzed the most recent
regulations adopted as of September 2014, because regulations are subject to change at any
point and changes do not necessarily follow a calendar year schedule. Therefore, a state’s
food code may have changed several times during the time period of outbreak analysis,
creating difficulties in determining the presence or absence of provisions in place during a
specific outbreak.

Despite these limitations, to our knowledge, this study is the first analysis of adoption of
specific food service provisions related to norovirus with an attempt to assess potential
correlations between adoption of these provisions and reports of outbreaks. The results of
this analysis highlight gaps in state adoption of key food service provisions for prevention
of norovirus transmission in food service settings and reemphasize the importance of
adopting the most recently recommended food service provisions as these are updated in
accordance with the latest science. These results also highlight the difficulties of conducting
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an ecological analysis including numerous unobservable confounders. Improved reporting
of foodborne norovirus outbreaks may provide more opportunities for the identification
of effective prevention and control measures. Further research is needed to examine
barriers to state adoption of recommended provisions, as well as municipal and restaurant
implementation of and compliance with state regulations to better elucidate associations
with foodborne transmission of norovirus and opportunities for prevention.
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FIGURE 1.
Adoption of selected food service provisions (described in Table 2); n = 51 states (50 states

plus District of Columbia).

J Food Prot. Author manuscript; available in PMC 2022 April 08.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

KAMBHAMPATI et al. Page 12

Prohibition of bare-hand contact 24-hour exclusion of ill food workers

Certified Food Protection Manager Contamination event response plan

FIGURE 2.
Adoption of selected food service provisions by state.
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Require exclusion OR restriction of staff while
worker is ill with vomiting /diarrhea (N=50)
Only exclusion of staff with
vomiting/diarrhea until 24
hours after cessation of
symptoms (n=30)

Either exclusion or
restriction of staff
with
vomiting/diarrhea
until 24 hours after
cessation of
symptoms (n=2)

Exclusion, then
restriction of staff
with a laboratory-
confirmed norovirus
diagnosis (n=30)

FIGURE 3.
Adoption of specific ill staff exclusion requirements.
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Foodborne norovirus outbreak reporting rate (per million person-years)
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FIGURE 4.

Outbreak reporting rates among 48 states with and without selected food service provisions
(three states with no reported outbreaks from 2009 through 2014 were excluded). Solid

diamonds denote the median foodborne norovirus outbreak reporting rate among states that
did or did not adopt the specified provision; tails indicate the range of reporting rates; open

circles indicate outliers.
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Adoption of specific hand washing provisions; n = 51 states (50 states plus District of Columbia)

No. (%) of statesthat have

When to wash adopted
After using the restroom 51 (100)
After coughing, sneezing, using a handkerchief or disposable tissue, using tobacco, eating, or drinking 50 (98)
During food preparation, as often as necessary to remove soil and contamination and to prevent cross-
contamination when changing tasks 51 (100)
When switching between working with raw food and working with ready-to-eat food 48 (94)
After engaging in other activities that contaminate the hands 47 (92)
After touching bare human body parts other than clean hands and clean exposed portions of arms 46 (90)
After caring for or handling service animals or aquatic animals 46 (90)
After handling soiled equipment or utensils 45 (88)
Before donning gloves to initiate a task that involves working with food 40 (78)
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