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Noroviruses are the leading cause of acute gastroenteritis and foodborne disease in the United States (U.S.). About 1 in
5 reported norovirus outbreaks are spread through foodborne transmission, presenting opportunities for prevention. We
describe the epidemiology of U.S. foodborne norovirus outbreaks reported to national surveillance systems, including dif-
ferences between genotypes. Foodborne outbreaks that occurred during August 2009—July 2015 with norovirus reported as
a single confirmed etiology to the National Outbreak Reporting System (NORS) were matched with outbreaks reported to
CaliciNet, a U.S. laboratory norovirus outbreak surveillance network. We analyzed these matched outbreaks stratified by
genotype for epidemiologic characteristics, including setting, size and duration, health outcomes of case-patients, implicated
food, and outbreak contributing factors. Four hundred ninety-three confirmed foodborne norovirus outbreaks were reported
in both NORS and CaliciNet. The most common norovirus genotypes reported were GI1.4 (52%), GII.6 (9%), and GI.3 (8%).
Compared to non-GII.4 outbreaks, GII.4 outbreaks had higher hospitalization rates (12.8 vs. 4.8 per 1,000 cases, P < 0.01).
While contaminated foods were identified and reported in only 35% of outbreaks, molluscan shellfish (4% overall) were more
often implicated in non-GII.4 outbreaks than in GII.4 outbreaks (7% vs. 1%, P = 0.04). Of the 240 outbreaks reporting at
least one contributing factor, food workers were implicated as the source of contamination in 182 (76%), with no difference
between GII.4 and non-GI1.4 (73% vs 79%, P = 0.3). Foodborne norovirus outbreaks are frequently reported in the U.S., most
of which are caused by GII.4 noroviruses. Viruses of this genotype are associated with higher rates of hospitalization; non-
GII.4 noroviruses are more frequently associated with contaminated molluscan shellfish. These surveillance data highlight
the diversity of noroviruses causing foodborne disease and can help guide appropriate food safety interventions, including
worker hygiene, improved food handling and preparation, and further development of norovirus vaccines.
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1. Introduction

Noroviruses are the leading cause of acute gastroenteritis
globally"?). Each year in the United States (U.S.), norovirus
infections result in an estimated 19-21 million illnesses,
56,000-71,000 hospitalizations, and 570-800 deaths?.
Although a generally mild and self-limiting infection that af-
fects all ages, noroviruses can cause severe health outcomes
including hospitalization and death, particularly in the young
(<5 years), the elderly (> 65 years), and those with underlying
conditions®. Noroviruses are genetically diverse and can be
classified into at least seven known genogroups (GI-GVII),
of which three (GI, GII, and GIV) cause disease in humans®.
Norovirus genogroups can be further subdivided into at
least 32 genotypes, with GII.4 being the most commonly
reported®.

Noroviruses are transmitted primarily via the fecal-oral
route, specifically through direct person-to-person contact,
consumption of contaminated food or water, or contact with
contaminated environmental surfaces. Noroviruses can
also be spread through the vomitus-oral route, specifically
through aerosolization of virions bound to vomitus droplets.
Among the reported modes of transmission, about 1 in 5
norovirus outbreaks in the U.S. result from foodborne trans-
mission>®). Moreover, noroviruses are the most common of
31 major foodborne pathogens in the U.S., and the WHO
Foodborne Disease Burden Epidemiology Reference Group
recently reported that norovirus is also the leading cause of
foodborne illness worldwide!-”). In the U.S., noroviruses are
estimated to cause 58% of all domestically-acquired food-
borne illnesses from known agents, including 26% of food-
borne illness-associated hospitalizations and 11% of such
deaths”.

With more widespread use of molecular diagnostics,
including sequence-based genotyping, differences in the
epidemiologic and clinical characteristics of norovirus geno-
types have been identified®®. For example, a summary of
norovirus outbreaks reported to CaliciNet found non-GIIL.4
norovirus outbreaks were more often associated with food-
borne transmission compared to outbreaks caused by GII.4
noroviruses®). Additionally, a systematic literature review of
published norovirus outbreaks reported that GII.4 outbreaks
more frequently result in severe health outcomes, specifically
hospitalization and death®. As these studies demonstrate,
pairing of laboratory and epidemiologic data from outbreak
investigations provides greater insight into the mechanisms
by which noroviruses spread and can inform the develop-
ment of more effective prevention and control measures.
This report describes epidemiologic and genotypic charac-
teristics of U.S. foodborne norovirus outbreaks to help guide
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development of effective food safety interventions.
2. Methods

In 2009, the Centers for Disease Control and Prevention
(CDC) launched the National Outbreak Reporting System
(NORS), a web-based platform used by local, state, and
territorial health departments in the U.S. to report all
waterborne and foodborne disease outbreaks and enteric
disease outbreaks transmitted by contact with environmental
sources, infected persons or animals, or unknown modes
of transmission to CDC?. Also in 2009, CDC launched
CaliciNet, a norovirus outbreak laboratory surveillance
network of federal, state, and local public health laboratories
in the U.S., to collect information on norovirus including
genotype information®. Outbreaks reported to NORS and/
or CaliciNet are defined as two or more cases of a similar
illness epidemiologically linked to a common exposure,
such as a setting or food item. Primary mode of transmission
was determined by the reporting agency using information
obtained during the investigation and by referencing CDC
guidance documents®). Foodborne outbreaks that occurred
during August 2009—July 2015 with norovirus listed as the
single confirmed etiology reported to NORS were matched
with outbreaks reported to CaliciNet using an algorithm
based on outbreak identification numbers and a proximity
match based on reporting state and date of first illness for
multiple identification number matches.

Matched outbreaks were stratified into two groups based
on genotype (i.e., GI1.4 vs non-GII.4 outbreaks) for all analy-
ses. Chi-square or Fisher’s exact tests were used to perform
bivariate analyses on health outcomes of case-patients,
setting, food type, food contamination during processing
and preparation, outbreak contributing factors, level of
preparation, and point of contamination. Mann Whitney
U-test was used to compare outbreak size and duration.
Food contamination during processing and preparation and
outbreak contributing factors were analyzed in categories
pre-defined in NORS!®!D. Briefly, outbreak contributing
factors include factors that led to contamination of food by
an etiologic agent, proliferation or amplification of these
etiologic agents, or the survival of these etiologic agents'D.
Implicated food items were classified using a categorization
scheme developed by the Interagency Food Safety Analytics

Collaboration!?.

3. Results

During August 2009—July 2015, foodborne transmission
was reported in 975 (17%) of 5,734 confirmed norovirus
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Table 1. Foodborne norovirus outbreak characteristics reported to the National Outbreak Reporting System and CaliciNet, United States,

August 2009-July 2015.

Overall GIL.4* outbreaks non-GIL4" outbreaks ~ P-value!
n=493 n=258 n=235
Outbreak characteristics
Number of primary cases, median (range) 13 (2-294) 13 (2-210) 14 (2-294) 0.7587
Duration (in days), median (range) 3 (1-33) 3 (1-19) 3 (1-33) 0.3443
Case-patient health outcomes
Healthcare visit, n (per 100 case-patients) 492 (5.8) 278 (6.2) 214 (5.4) 0.1349
Emergency department visit, n (per 100 case-patients) 319 (2.5) 164 (3.7) 155 (4.0) 0.4781
Hospitalization, n (per 1,000 case-patients) 87 (8.8) 63 (12.8) 24 (4.8) <0.0001
Death, n (per 10,000 case-patients) 4(3.8) 4(7.5) 0 (0.0) 0.0651

*GI1.4 Sydney (163, 33.1%), GI1.4 New Orleans (86, 17.4%), GII1.4 Den Haag (8, 1.6%), GI1.4 Osaka (1, 0.2%)
TGIL6 (45, 9.1%), G1.3 (38, 7.7%), GL.6 (29, 5.9%), GIL.1 (22, 4.5%), GI1.2 (18, 3.7%), GI1.12 (16, 3.3%), GI1.7 (14, 2.8%), GI1.3 (12, 2.4%),
GIL.2 (11, 2.2%), GL.4 (7, 1.4%), GI.5 (4, 0.8%), GII.13 (4, 0.8%), GII.14 (4, 0.8%), G1.7 (3, 0.6%), GIL5 (3, 0.6%), GII.17 (3, 0.6%), GI.1

(1, 0.2%), GIL.25 (1, 0.2%)

IStatistical comparisons made between GII.4 and non-GI1.4 outbreaks. Mann-Whitney U-test was used to compare the median number
of primary cases and median outbreak duration; Fisher's exact test was used to compare the case-patient health outcomes

outbreaks reported to NORS and in 978 (14%) of 7,059
norovirus outbreaks reported to CaliciNet. A total of 493
foodborne norovirus outbreaks were matched in both NORS
and CaliciNet and had complete information on norovirus
genogroup and genotype. Ninety-three (19%) outbreaks were
caused by norovirus genogroup I (GI) and 400 (81%) were
caused by genogroup II (GII). The most common genotypes
reported were GII.4 (258, 52%), GIL.6 (45, 9%), and GI.3 (38,
8%). Among the 258 GII.4 outbreaks, GII.4 Sydney (163,
63%) and GIL.4 New Orleans (86, 33%) were most often
detected. A complete list of GII.4 and non-GIL.4 outbreaks
can be found in the footnote of Table 1.

Overall, 33 states identified and reported foodborne noro-
virus outbreaks that could be matched between NORS and
CaliciNet (Fig. 1). Among these states, per capita reporting
rates of GII.4 (Fig. 1A) and non-GIL.4 (Fig. 1B) norovirus
outbreaks did not significantly differ within the same state
(e.g., 4.9 GIL4 vs 7.0 non-GIL.4 outbreaks per 10,000,000
residents in Connecticut, P = 0.5). However, GII.4 outbreaks
were reported slightly more often during cooler months, with
171 of 258 (66%) occurring during October—March com-
pared to non-GIL.4 outbreaks (132 of 235 [56%], P = 0.03;
Fig. 2). Outbreak duration and size did not differ between the
two genotype categories. The 493 outbreaks lasted a median
of three (range: 1-33) days, and had a median outbreak size
of 13 (range: 2-294) primary cases (Table 1). There were
no differences between GII.4 and non-GII.4 outbreaks with
regard to most health outcomes, with at least 492 healthcare
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visits (5.8 per 100 case-patients), 319 emergency department
visits (2.5 per 100 case-patients), and 4 deaths (3.8 per 10,000
case-patients; Table 1) reported during the 493 outbreaks.
However, hospitalizations were significantly more frequent
among GII.4 outbreaks (12.8 per 1,000 case-patients) com-
pared to non-GIIL.4 outbreaks (4.8 per 1,000 case-patients,
P <0.0001).

Specific food items were implicated in only 173 (35%) of
outbreaks, of which 43 (25%) could be classified into a single
food commodity and the remaining 130 (75%) outbreaks
were either complex foods (i.e., multiple commodity foods)
or unable to be classified. The only single food commodity
implicated significantly more often in non-GIL.4 outbreaks
compared to GII.4 outbreaks was molluscan shellfish (7% vs
1%, P = 0.04; Fig. 3). Although not significantly different,
vegetable row crops were also implicated more frequently in
non-GII.4 outbreaks (11%) than in GII.4 outbreaks (5%, P =
0.1). Of the 173 outbreaks with a known food item, 140 (81%)
had information on the level of preparation (Table 2). Of
the 140, 108 (77%) outbreaks reported food was consumed
raw and 47 (34%) reported the food was heat processed.
Both raw and heat processed level of preparation could be
reported in the same outbreak due to multiple implicated
food items. There was no difference in level of preparation
between GII.4 and non-GII.4 outbreaks. GII.4 and non-GIL.4
outbreaks were similar with regard to outbreak setting (e.g.,
restaurants: 68% vs 66%, P = 0.4) and implication of food
workers as the source of contamination among outbreaks
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Fig. 1. Number and per capita rate of foodborne norovirus GII.4 (n = 258; A) and non-GII1.4 (n = 235;
B) outbreaks reported to the National Outbreak Reporting System and CaliciNet by state, United States,

August 2009—July 2015.

reporting contributing factor information (73% vs 79%,
P = 0.3; Table 2). Among the 182 outbreaks implicating
food workers, bare-hand contact with ready-to-eat food
was reported in 54 (57%) of GIL.4 outbreaks and 45 (51%)
of non-GIL.4 outbreaks (P = 0.5) and glove-hand contact
in 23 (24%) of GII1.4 outbreaks and 29 (33%) of non-GII.4
outbreaks (P = 0.3, Table 2). Two hundred seventy-five out-
breaks (56%) identified a point of contamination, of which
almost all stated contamination occurred during preparation
(264, 96%). Of the 275 outbreaks, 6% of non-GII.4 outbreaks
involved foods contaminated before preparation compared to
2% of GI1.4 outbreaks (P = 0.2), and 98% of GII.4 outbreaks
were contaminated during preparation compared to 94% of
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non-GII.4 outbreaks (P = 0.2, Table 2).
4. Discussion

This analysis highlights key features of foodborne noro-
virus outbreaks caused by different genotypes in the United
States to help guide the development of effective norovirus
prevention and control strategies. Overall, a majority of out-
breaks were caused by GII.4 noroviruses. GII.4 noroviruses
have been well documented as the most common norovirus
genotype for all modes of transmission; however, GIL.4 is
most frequently identified among person-to-person out-
breaks®). After stratifying by genotype, GI1.4 outbreaks were
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Fig. 2. Monthly distribution of foodborne norovirus GIL.4 (n = 258, black) and non-GII.4 (n = 235,
dashed gray) outbreaks reported to the National Outbreak Reporting System and CaliciNet, United

States, August 2009—July 2015.
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Fig. 3. Proportion of implicated single food commodities among 101 GII.4 and 72 non-GII.4 foodborne
norovirus outbreaks reported to the National Outbreak Reporting System and CaliciNet, United States,
August 2009—July 2015. One hundred thirty (81 GII.4 and 49 non-GIIL.4) outbreaks were either complex
foods (i.e., multiple commodity foods) or unable to be classified and are not shown on the figure. Food
commodities are grouped according to the categorization scheme developed by the Interagency Food

Safety Analytics Collaboration!?,

*The proportion of non-GII.4 outbreaks implicating molluscan shellfish was significantly greater than

that among GII.4 outbreaks (P = 0.04).

found to result in more severe health outcomes, specifically
hospitalizations, compared to non-GI1.4 outbreaks. This as-
sociation was similarly reported in a systematic literature
review of published norovirus outbreaks®. Since GII.4
noroviruses have been associated with longer viral shedding,
more vomiting, and have different environmental stability
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and disinfectant resistance, outbreaks of this genotype may
be more challenging to prevent and control'®. Such insights
from combined epidemiology and laboratory outbreak sur-
veillance may also help inform vaccine development efforts,
including formulation of antigenic targets (e.g., inclusion of
both GII.4 and non-GIIL.4) and impacts likely protective of
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Table 2. Contamination factors of foodborne norovirus outbreaks reported to the National Outbreak Reporting System and CaliciNet,

United States, August 2009—July 2015.

GIIL.4 outbreaks non-GII.4 outbreaks P-valuet
n =258 n=235

Outbreak contributing factor known, n (%)! 129 (50%) 111 (47%)

Contaminated raw product, n (%) 10 (8%) 8 (7%) 1.0
Cross-contamination, n (%) 6 (5%) 6 (5%) 1.0
Food worker implicated, n (%)? 94 (73%) 88 (79%) 0.3
Bare hand contact, n (%) 54 (57%) 45 (51%) 0.5
Gloved hand contact, n (%) 23 (24%) 29 (33%) 0.3
Other hand contact, n (%) 30 (32%) 24 (27%) 0.5
Level of preparation, n (%) 82 (81%) 58 (81%)

Eaten raw, n (%) 61 (60%) 47 (65%) 0.5
Heat processed, n (%) 32 (32%) 15 (21%) 0.1
Point of contamination, n (%)* 135 (49%) 140 (51%)

Before preparation, n (%) 3 (2%) 8 (6%) 0.2
Preparation, n (%) 132 (98%) 132 (94%) 0.2

1At least one contributing factor (not C-N/A, P-N/A, or S-N/A listed) is selected. Multiple contributing factors may be selected for each
outbreak; therefore, the sum of contributing factors may be larger than the number of outbreaks with a known contributing factor.
2Among the outbreaks with at least one known contributing factor (not C-N/A, P-N/A, or S-N/A listed) is selected (n = 244).

3Among the outbreaks with at least one implicated food item listed (n = 173). Multiple levels of preparation may be selected for each out-
break; therefore, the sum of level of preparation methods may be larger than the number of outbreaks with a known level of preparation
4Among the outbreaks where point of contamination listed as either before preparation or preparation (n = 275).

iStatistical comparisons made between GII.4 and non-GII.4 outbreaks. Chi-square test was used to compare the outbreak contributing

factors, level of preparation, and point of contamination.

public health (e.g., decreasing disease severity or viral shed-
ding).

Another association observed was between molluscan
shellfish and non-GII.4 norovirus outbreaks. A nine-year
study of norovirus contamination of shellfish in Italy also
detected non-GII.4 (36 samples, 53%) genotypes more often
than GIL4 (32 samples, 47%) in mollusks'¥. In the U.S., a
GII.12 norovirus outbreak implicating insufficiently steamed
oysters resulted in over 200 illnesses among both restaurant
patrons and their household members'>. Therefore, pro-
tecting against contamination of molluscan growing beds
and ensuring proper processing before consumption, with
methods such as high hydrostatic pressure, may prevent
the occurrence of large foodborne norovirus outbreaks!®),
Interestingly, vegetable row crops were also more commonly
implicated in non-GII.4 outbreaks. The higher number of
non-GII.4 norovirus outbreaks implicating these specific
single food categories may indicate contamination of these
products before preparation. As reported in a Danish investi-
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gation, a single lot of norovirus GI-contaminated lettuce from
a supplier resulted in 23 outbreaks!'”). Moreover, raspberries
are frequently implicated in foodborne norovirus outbreaks
with the source of contamination frequently occurring dur-
ing production'®. A study in the European Union found three
of 26 raspberry batches were contaminated with an average
of 4.3 log genomic equivalent copies of norovirus GI per 20
grams'?. Such sampling of fresh produce, like berries and
leafy greens, may provide an early indication of unsanitary
production or processing conditions and an opportunity to
intervene.

Contamination during preparation accounted for the vast
majority of reported foodborne norovirus outbreaks and
occurred somewhat more often with GII.4 outbreaks than
with outbreaks caused by non-GIL.4. Moreover, the most
frequently implicated food vehicles were those containing
multiple food categories, particularly among GII.4 outbreaks,
which usually require handling by a food worker immedi-
ately before consumption. This summary also found a ma-
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jority of implicated foods were consumed raw, which would
indicate no viral kill step, such as heat processing, occurred
before consumption. These observations are consistent with
previous accounts of GII.4 contamination during preparation
by a food worker since GII.4 is more commonly associated
with person-to-person transmission®. For example, guests
at a wedding fell ill after eating a mushroom dish prepared
by a GII.4-positive food worker who reported working while
ill with diarrhea®?). Additionally, a series of four norovirus
outbreaks occurred after event attendees consumed food re-
quiring manual preparation by a GII.4-positive food worker
who reported returning to work 45 hours after symptoms
subsided?".

The prominent role of infected food workers identified
in this analysis suggests that implementation of food safety
interventions focused on worker health and hygiene have the
potential to substantially reduce the burden of foodborne
norovirus outbreaks. First, hiring a certified kitchen man-
ager to supervise kitchen operations and staff has been dem-
onstrated to reduce the number of norovirus outbreaks??.
Currently, the U.S. Food and Drug Administration (FDA)
recommends as part of its 2013 model Food Code that res-
taurants have a kitchen manager certified in food safety?>.
Second, excluding food workers until at least 48 hours after
symptoms of norovirus have subsided is frequently recom-
mended to prevent further spread'®?3). This recommendation
is based on the principle that isolating an individual during
the acute phase of illness, which is also the peak of viral shed-
ding, reduces the opportunity for additional transmission
to occur?®. As outbreaks involving post-symptomatic food
workers have demonstrated, returning to work sooner than
48 hours after symptoms have subsided poses a risk of noro-
virus transmission?)). Unfortunately, a survey of restaurant
workers determined that one in five reported working while
ill with vomiting or diarrhea at least once during a single
year?®), Interviewed workers stated they feared they would
lose their job or place unnecessary burden on co-workers
by remaining at home while ill. Therefore, implementing
management practices to allay fears of repercussions and
encourage reporting of illness by food workers have been
recommended!®. Specifically, food establishments should
consider establishing measures to ensure paid sick leave and
adequate staffing to cover the ill food worker are in place
to encourage timely notification of illness and adherence to
work exclusion'®. Finally, several studies have demonstrated
washing hands frequently with soap and water is effective at
removing norovirus from contaminated hands?®). Moreover,
avoiding bare-hand contact with ready-to-eat foods has been
cited in the U.S. FDA Food Code as a key infection control
measure, specifically in food service settings?®. Although all
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states in the U.S. require food workers to wash their hands,
an observational study found that only 27% of food workers
do so when it is recommended and this decreases to 16%
when food workers wear gloves?”?®). Thus, additional efforts
are needed to encourage compliance with and enforcement
of worker exclusion and hand hygiene measures.

Though this summary advances the understanding of
foodborne norovirus outbreaks, the data are subject to at
least four limitations. First, outbreaks reported to NORS
and CaliciNet were incompletely matched. Although 493
outbreaks were matched, this represents only a fraction
of all foodborne norovirus outbreaks in NORS and in Ca-
liciNet. As such, additional risk factors may be assessed if
remaining NORS and CaliciNet reports could be matched.
To improve NORS and CaliciNet report matching, updates
to the surveillance systems are routinely implemented based
on discussions with reporting agencies about the ways they
detect, store, and report outbreaks. Moreover, an effort is
underway to link outbreak reports in NORS and the National
Environmental Assessment Reporting System (NEARS) to
gain additional data on environmental contributing factors
and illness prevention policies, such as food worker illness
reporting and exclusion?). Second, potential collinearity and
confounding may exist between the identified risk factors
and outcomes of interest. However, a systematic literature
review found that among foodborne norovirus outbreaks in
healthcare settings, GII.4 noroviruses were associated with
higher hospitalization rates than non-GII.4 viruses after
controlling for potential confounding factors®. Third, addi-
tional associations between food commodities and norovirus
genotype may exist, yet only 35% of reported outbreaks were
able to identify a food commodity. Identifying and implicat-
ing a food item is often challenging due to the inability of
an investigator to identify a common food exposure epide-
miologically, the limited availability of validated norovirus
detection assays for food matrices, and the rapid use or
discarding of potentially contaminated food products at the
implicated location. Therefore, reporting agencies should
strive to improve their ability to rapidly detect and respond to
a potential foodborne outbreak to minimize case-patient re-
call bias and increase the likelihood of collecting potentially
contaminated food samples. Presently, a validated norovirus
detection assay for shellfish is available through U.S. Food
and Drug Administration laboratories, and norovirus detec-
tion assays for select produce commodities (e.g., berries) are
under development3®3D), However, additional research into
developing and validating norovirus detection assays for
other food commodities would greatly enhance the ability
of an investigator to link an implicated food product and ill
case-patients. Finally, variability exists in the frequency and
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completeness of reporting to NORS and CaliciNet among
state and local health departments. Not all states reported
foodborne norovirus outbreaks, yet this may not indicate
a lack of outbreaks, rather different outbreak detection
capacities in state and local surveillance platforms. As a
result, the true number of foodborne norovirus outbreaks is
likely higher than those reported to NORS and CaliciNet,
which indicates a need to continue to build capacity of state
and local health departments to detect, investigate, and
report outbreaks. A recent evaluation of Norovirus Sentinel
Testing and Tracking (NoroSTAT), a collaborative network
with selected state health departments that report specific
epidemiologic and laboratory data on norovirus outbreaks,
found norovirus outbreak reporting and report completeness
has improved among both NoroSTAT and non-NoroSTAT
states since the implementation of NORS in 20093,

This analysis provides some important insights that can
help inform efforts to prevent foodborne norovirus outbreaks
in the United States. First, GI1.4 noroviruses were detected in
amajority of foodborne norovirus outbreaks. Moreover, food
workers were a significant source of norovirus contamination
among the matched outbreaks. Finally, GII.4 noroviruses
resulted in more hospitalizations and non-GII.4 noroviruses
were detected more often in outbreaks implicating molluscan
shellfish. These findings suggest that interventions targeting
food worker hygiene should be implemented, molluscan
growing waters should be protected from fecal contamina-
tion, and further development of effective vaccines against
both GII.4 and non-GII.4 noroviruses seems warranted to
help reduce norovirus circulation in human populations and
thereby prevent future foodborne norovirus outbreaks.
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