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Noroviruses are the leading cause of epidemic acute gastroenteritis in the United States. From September 2009 through August
2013, 3,960 norovirus outbreaks were reported to CaliciNet. Of the 2,895 outbreaks with a known transmission route, person-to-
person and food-borne transmissions were reported for 2,425 (83.7%) and 465 (16.1%) of the outbreaks, respectively. A total of
2,475 outbreaks (62.5%) occurred in long-term care facilities (LTCF), 389 (9.8%) in restaurants, and 227 (5.7%) in schools. A
total of 435 outbreaks (11%) were typed as genogroup I (GI) and 3,525 (89%) as GII noroviruses. GII.4 viruses caused 2,853
(72%) of all outbreaks, of which 94% typed as either GII.4 New Orleans or GII.4 Sydney. In addition, three non-GII.4 viruses,
i.e., GII.12, GII.1, and GI.6, caused 528 (13%) of all outbreaks. Several non-GII.4 genotypes (GI.3, GI.6, GI.7, GII.3, GII.6, and
GII.12) were significantly more associated with food-borne transmission (odds ratio, 1.9 to 7.1; P < 0.05). Patients in LTCF and
people >65 years of age were at higher risk for GII.4 infections than those in other settings and with other genotypes (P < 0.05).
Phylogeographic analysis identified three major dispersions from two geographic locations that were responsible for the GI.6
outbreaks from 2011 to 2013. In conclusion, our data demonstrate the cyclic emergence of new (non-GII.4) norovirus strains,
and several genotypes are more often associated with food-borne outbreaks. These surveillance data can be used to improve viral
food-borne surveillance and to help guide studies to develop and evaluate targeted prevention methods such as norovirus vac-
cines, antivirals, and environmental decontamination methods.

Norovirus is the most common cause of epidemic and endemic
gastroenteritis in people of all ages (1, 2). In the elderly, no-

rovirus gastroenteritis is associated with increased hospitalization
and mortality rates (3, 4). Recent studies have also shown that,
with the increased use of rotavirus vaccine, norovirus has become
the primary cause of medically attended acute gastroenteritis in
U.S. children (2). Although outbreaks occur throughout the year,
80% occur between November and April (5). Noroviruses are a
group of genetically diverse viruses that belong to the family Cali-
civiridae and that can be classified into 6 different genogroups (6),
of which viruses from genogroup I (GI), GII, and GIV are respon-
sible for disease in humans. GI includes nine genotypes based on
the complete major capsid protein (VP1) (7), whereas to date, GII
contains 22 genotypes, including three genotypes (GII.11, GII.18,
and GII.19) that have been uniquely detected in swine (8). Over
the past 15 years, GIV viruses have been detected as the cause of
only a handful of outbreaks in humans, while other GIV genotypes
have been observed in canine species (9). In humans, GII.4 viruses
cause the majority of norovirus-related gastroenteritis outbreaks
worldwide (10); in the past decade, new GII.4 strains have been
emerging every 2 to 3 years (11, 12). The cyclic emergence of new
strains and the displacement of previously predominant strains
are believed to be driven by genetic drift and population immunity
(13). These new strains are often, but not always, associated with
increases in the number of outbreaks (14–16).

The norovirus genome consists of a 7.5-kb, single-stranded,
positive-sense RNA containing three open reading frames (ORFs)
that encode both structural (ORF2, coding for VP1, and ORF3,
coding for VP2) and nonstructural (ORF1) proteins. The icosahe-
dral norovirus particles contain 180 copies of VP1, whereas VP2 is
incorporated in lower numbers (17). VP1 is divided into two do-
mains, i.e., the shell (S) and protruding (P) domains. The P do-
main is subdivided into two subdomains, P1 and P2, with P2 being
the hypervariable region of the capsid, containing both the anti-

genic and histo-blood group antigen binding sites. These features
make the P2 region one of the best targets to distinguish norovirus
strains and to determine if outbreaks are related (11, 18–21). To
better understand epidemiologic and genotypic trends of norovi-
rus outbreaks in the United States, we describe and analyze data
reported to CaliciNet between September 2009 and August 2013.

MATERIALS AND METHODS
CaliciNet. Since 2009, laboratory-based outbreak surveillance of norovi-
rus outbreaks in the United States has been conducted using CaliciNet,
which is a surveillance network of state and local public health laborato-
ries coordinated by the CDC (11). Nucleotide sequences of small regions
of the VP1 gene (regions C and D) (11) and epidemiologic data (outbreak
date, city or county, setting, transmission route, number sick, and ages of
patients) were downloaded from the national CaliciNet database. All no-
rovirus outbreak data and investigation results were uploaded by certified
state or local public health laboratories (Table 1). In 2011, six certified
CaliciNet laboratories, including CDC, were established as CaliciNet Out-
break Support Centers (OSCs) to assist in the genotyping of norovirus
outbreaks from states not participating in CaliciNet.

P2 amplification and sequencing of GI.6 viruses. Fecal specimens
from 43 GI.6 outbreaks were selected based on geographic origin, out-
break date, and availability. The P2 subdomain was amplified using the
Qiagen One-Step reverse transcription (RT)-PCR kit (Qiagen, Valencia,
CA), in a final reaction volume of 25 �l, according to the manufacturer’s
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recommended reaction conditions. RNase inhibitor (Applied Biosystems,
Carlsbad, CA) was added to a final concentration of 15 to 20 U/reaction.
The oligonucleotide primers P2I6F (5=-CCC AGA TGT YAA YCA GTC
AGT CCA G-3=) and P2I6R (5=-CCC ACA GGC TTR AGT TGA TAR

AAT C-3=) were added at a final concentration of 0.6 �M. RT-PCR cycling
conditions included reverse transcription at 50°C for 30 min, denatur-
ation at 95°C for 15 min, 40 cycles of 94°C for 30 s, 55°C for 30 s, and 68°C
for 2 min, and a final extension step at 68°C for 10 min. GI.6 P2 amplicons
were purified using QIAquick gel extraction or PCR purification kits
(Qiagen) and cycle sequenced using a BigDye Terminator kit (version 1.1;
Applied Biosystems). Unincorporated fluorescent nucleotides were removed
using a BigDye Xterminator kit (Applied Biosystems), and sequences were
analyzed with a 3130XL automated sequencer (Applied Biosystems).

Data analysis. All outbreak and specimen information was down-
loaded from the CaliciNet database and imported into R (http://www.r
-project.org/) for data formatting, statistical analysis, and graphing. State,
county, and city data from GI.6-positive outbreaks were matched with
U.S. Geological Survey data (http://geonames.usgs.gov/domestic) for lat-
itude and longitude coordinates. Cruise ship outbreaks were excluded
from the geographic analysis. For statistical analyses, we used the Kruskal-
Wallis test to compare patient ages by outbreak setting, the Mann-Whit-
ney test to determine differences between outbreak sizes for person-
to-person versus food-borne transmission outbreaks, and pairwise com-
parison of patient ages by setting with the Bonferroni correction. Odds
ratios (ORs) were calculated to determine the odds of transmission route
by genotype, while Pearson’s r and linear regression were used to deter-
mine the linearity of GI.6 dispersion by distance and time. The �2 test was
used to determine significant differences between GII.4 outbreaks by set-
ting, numbers of outbreaks in elderly patients by genotype, differences in
transmission routes by genotype, and seasonal differences between trans-
mission routes. Phylogenetic analysis of the GI.6 P2 region was performed
with PhyML 3.0 (http://www.atgc-montpellier.fr/phyml/versions.php)
using the approximate likelihood ratio test for branch support with the best
model, TIM3ef�I, as determined by jModelTest (http://code.google.com/p
/jmodeltest2) using the corrected Akaike information criterion.

RESULTS
Epidemiologic characteristics of norovirus outbreaks in the
United States in 2009 to 2013. The number of states that partici-
pated in CaliciNet increased from 10 states in 2009 to 28 states and
four local public health laboratories in 2013 (Table 1). In addition,
at least 16 states submitted outbreak specimens to one of the six
CaliciNet OSCs. Between September 2009 and August 2013, a to-
tal of 3,960 norovirus outbreaks were reported, of which 2,254
(57%) occurred in seven states in the Pacific (California and Or-
egon), Midwest (Wisconsin, Michigan, and Ohio), and South
(Tennessee and Virginia) regions. No outbreak information from
Oklahoma, Nebraska, New Jersey, North Dakota, or Pennsylvania
was available for analysis. A total of 367 outbreaks (9.3%) were
reported via the OSCs.

Information on the number of sick people was available for
2,712 outbreaks (68.5%) and ranged from 3 to 1,090 people per
outbreak, with a median of 18 people (Table 2). A total of 2,475
norovirus outbreaks (62.5%) occurred in long-term care facilities
(LTCF), 389 (9.8%) in restaurants, 227 (5.7%) in schools and
communities (schools), 213 (5.4%) at parties or events (parties),
and 144 (3.6%) in hospitals (Table 3). The transmission route was
reported for 2,895 outbreaks (73%); person-to-person transmis-
sion and food-borne transmission were involved in 2,425 (83.7%)
and 465 (16.1%) of the outbreaks, respectively. Waterborne trans-
mission was involved in 5 outbreaks (0.1%), and no transmission
route was reported for 1,065 (27.0%) outbreaks. A total of 407
food-borne outbreaks (87.5%) were reported for restaurants, par-
ties, schools, and correctional facilities (Fig. 1). The median num-
bers of people affected were 21 for person-to-person outbreaks
and 11 for food-borne outbreaks (P � 0.001).

Person-to-person transmission was reported in 86% of the

TABLE 1 Norovirus outbreaks reported to CaliciNet in 2009 to 2013

State, county, or city
laboratory

No. of outbreaksf reported from September through
August

2009–2010 2010–2011 2011–2012 2012–2013

Alabamaa — 5 27 15
Alaskab 2 8 4 4
Arizonab — 11 28 22
Arkansas — — 6 7
Californiac 204 82 219 193

Los Angeles County — — — 36
Orange County — — — 12

Colorado 41 33 4 7
Connecticutb — 1 — 3
District of Columbia — — 1 —
Delaware 2 16 14 11
Florida — 2 25 30
Georgiab 9 4 19 29
Hawaii 20 6 10 24
Idahoc 6 10 11 18
Iowab — 7 13 20
Illinoisb 4 9 10 8
Indiana — 3 9 17
Kansasb — 5 7 3
Kentuckya — 2 5 —
Louisianab 9 3 5 5
Mained 9 46 5 26
Massachusettsa 1 3 6 6
Maryland 47 53 76 36
Michigan 27 58 52 60
Minnesota 18 9 17 32
Mississippib — 1 4 9
Missourib 5 15 9 17
Montanab — 3 4 8
North Carolina 9 10 28 17
New Hampshire — 30 36 3
New Mexico 5 12 9 13
Nevada 2 — — 1
New Yorkc 1 15 37 40
Ohio 44 55 80 108
Oregon 70 23 79 102
Rhode Islandb 14 13 16 15
South Carolina 1 2 50 35
South Dakotab — 4 — 2
Tennesseec 34 28 23 46
Texas 13 — 4 8
Utahb — 3 3 6
Virginia 58 63 84 106
Vermont 1 2 13 5
West Virginiab — 6 5 2
Wisconsinc 43 61 61 121

Milwaukee — 8 11 3

Washingtonb — 2 1 —
Wyominga — 5 9 3

Totale 699 737 1,139 1,294
a States that previously submitted data to CaliciNet OSCs that became certified during
the study period.
b Laboratories that report norovirus outbreaks through a CaliciNet OSC or the National
Calicivirus Laboratory at the CDC.
c CaliciNet OSCs are regional laboratories that sequence norovirus outbreaks from non-
CaliciNet states.
d State that is no longer certified but submits outbreak data to a CaliciNet OSC.
e Totals do not include 88 cruise ship outbreaks and 3 outbreaks from Puerto Rico.
Oklahoma, Nebraska, New Jersey, North Dakota, or Pennsylvania did not submit data
to CaliciNet.
f “—” indicates that laboratories were not part of CaliciNet during the indicated years.
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outbreaks with known transmission routes that occurred during
the fall-winter season (fourth and first quarters). During the
spring and summer seasons, significantly fewer person-to-person
outbreaks occurred than in the expected distribution (P � 0.001),
whereas food-borne outbreaks occurred more frequently (P �
0.001) during these months.

Genotypes. GI and GII norovirus types were detected as the
cause of 435 (11%) and 3,525 (89%) of the outbreaks, respectively.
Overall, all nine recognized GI genotypes and 14 of the 19 human
GII genotypes were detected (Table 3). Most GI outbreaks were
caused by three genotypes, i.e., GI.6 (n � 216 [49.7%]), GI.3 (n �
107 [24.6%]), and GI.4 (n � 43 [9.9%]) (Table 3). In all, 2,853
outbreaks (72%) were caused by GII.4 viruses (Den Haag 2006b,
Osaka 2007, New Orleans 2009, and Sydney 2012). GII.4 New
Orleans 2009 caused 1,737 outbreaks (44%) (Table 3) and was the
predominant virus during three consecutive years (2009 to 2012),
with the greatest numbers of outbreaks occurring in January 2010
(n � 97), February 2011 (n � 119), and January 2012 (n � 227)
(Fig. 2). GII.4 Den Haag 2006b was detected throughout all four
winter seasons, albeit at low levels, with a gradually decreasing
number of outbreaks, i.e., from 61 outbreaks between October
2009 and March 2010 to six outbreaks between October 2012 and
April 2013. GII.4 Sydney 2012 was first detected in September
2011 (Fig. 2) and became the predominant virus in the next winter
season (2012 to 2013), causing 896 (72.8%) of the 1,098 outbreaks
between September 2012 and April 2013, compared with 74 out-
breaks (6.2%) caused by GII.4 New Orleans 2009 (Fig. 2). In ad-
dition to the GII.4 viruses, three non-GII.4 genotypes were ob-

served, including a novel GII.12 virus that emerged during 2009-
2010 (Fig. 3) (21), a novel GII.1 virus that emerged during 2011-
2012, and a new GI.6 virus that gradually increased until the 2012-
2013 fall-winter season, causing 67 outbreaks (Fig. 3). Unlike
outbreaks caused by GII.12 and GII.1 viruses, GI.6 outbreaks did
not exhibit winter seasonality (22). GI.1, GI.2, GI.5, GI.7, GI.8,
GII.5, GII.13, GII.14, GII.15, GII.16, GII.17, and GII.21 viruses
each caused less than 1% of all outbreaks (Table 3). GII.8, GII.9,
GII.10, GII.20, and GII.22 viruses were not detected.

Correlation of genotypes with transmission route. To deter-
mine whether certain genotypes were more often associated with
food-borne outbreaks, we analyzed the transmission route of out-
breaks caused by 11 different genotypes (GI.3, GI.4, GI.6, GI.7,
GII.1, GII.2, GII.3, GII.4, GII.6, GII.7, and GII.12), each having
�5 outbreaks per transmission route (Table 4). GII.4 outbreaks
were more likely to involve person-to-person transmission than
food-borne transmission (OR, 3.0; P � 0.05). Of the non-GII.4
outbreaks, GI.4, GII.1, GII.2, and GII.7 outbreaks were not asso-
ciated with a particular transmission route (P � 0.05), whereas
GI.3, GI.6, GI.7, GII.3, GII.6, and GII.12 outbreaks were more
likely to be associated with food-borne transmission (OR, 1.93 to
7.1; P � 0.05). Of these, GI.7 and GII.12 were 7 and 4 times more
likely, respectively, to be associated with food-borne outbreaks
than with person-to-person outbreaks.

Correlations of genotypes with outbreak setting, season, and
age. A total of 2,081 (84%) of the 2,475 LTCF outbreaks were
caused by one of four GII.4 variants (Den Haag 2006b, Osaka
2007, New Orleans 2009, or Sydney 2012), whereas GI viruses
caused 159 (6.4%) of the outbreaks in this setting (Table 3). GII.4
food-borne outbreaks were underrepresented (12.3%; P � 0.006)
during the spring-summer seasons, based on the overall number
of outbreaks. Non-GII.4 person-to-person outbreaks occurred
significantly less in the fall and winter seasons (17%; P � 0.001)
and significantly more in the spring-summer seasons (7.3%; P �
0.001).

Because GII.4 was the only genotype significantly associated
with person-to-person transmission, we decided to investigate the
roles of setting and age in the transmission of viruses of this geno-
type. All outbreaks with known transmission routes (n � 2,909)
were grouped into GII.4 and non-GII.4 outbreaks and stratified by
setting. The number of GII.4 outbreaks was dependent on the
setting (P � 0.001), and outbreaks occurred more often in LTCF
and hospitals (P � 0.001) than in other settings such as schools.
Non-GII.4 outbreaks were significantly associated with child care
centers, parties, restaurants, and schools (P � 0.001). Patient age
information was available for 7,519 patients from 3,593 outbreaks
(90.7%). Overall, the patient age range was 0.3 to 111 years, with a
median age of 77 years. There was a significant difference in the
median ages of the patients from several different outbreak set-
tings (P � 0.001). The median patient ages in LTCF (85 years) and
child care centers (4 years) were significantly different from those
in all other settings (P � 0.001). For norovirus outbreaks in hos-
pitals and cruise ships, the median ages of patients were 66 years
and 61 years, respectively, statistically different (P � 0.001) from
the median ages of patients in outbreaks in restaurants (46 years),
parties (44 years), and correctional facilities (41 years). To further
investigate a possible association between patient age and geno-
type, genotype-specific outbreak counts for patients �65 years
and �65 years of age were compared. Overall, there was a direct
correlation between certain genotypes and patient ages (P �

TABLE 2 Numbers of people with norovirus gastroenteritis per
outbreak according to genotype

Genotype

No. of ill
people
(range)

No. of
outbreaks

Median no. of
ill people per
outbreak

GI.1 8–19 2 13.5
GI.2 3–18 7 12
GI.3 3–1,090 75 19
GI.4 4–134 27 18
GI.5 3–121 21 31
GI.6 3–1,029 161 19
GI.7 3–74 12 23.5
GI.9 8–21 3 11
GII.1 3–778 159 19
GII.2 3–250 49 15
GII.3 3–60 13 16
GII.4 Den Haag 2006ba 3–126 81 16
GII.4 Osaka 2007a 8–48 5 26
GII.4 New Orleans 2009 3–698 1,025 20
GII.4 Sydney 2012 3–660 802 17
GII.4 3–698 1,913 18
GII.5 4–307 9 30
GII.6 3–250 110 19
GII.7 3–106 39 18
GII.12 3–235 42 17.5
GII.13 3–89 19 18
GII.14 7–69 3 15
GII.15 109 1 109
GII.16 16–77 3 26
GII.17 5–23 4 11.5
a GII.4 Den Haag 2006b and GII.4 Osaka 2007 viruses are referred to as GII.4 Minerva
and GII.4 Riviera, respectively, in CaliciNet.
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0.001). For example, GI.2, GI.3, GI.6, and GI.7 outbreaks affected
proportionally fewer patients �65 years of age (P, �0.01 to
�0.001), whereas GI.4 and GI.5 outbreaks were not significant in
the �65-year-old age group. Except for GII.4, GII outbreaks had
proportionally fewer outbreaks in the �65-year-old group (P val-
ues of �0.04 to �0.001). GII.4 was the only genotype with pro-
portionally more outbreaks in the �65-year-old group. Further-

more, analysis of �2 results show a linear relationship between the
median ages of patients in outbreak settings and deviation from
expected GII.4 outbreak counts, indicating that older age is asso-
ciated with GII.4 outbreaks in schools, parties, restaurants, cruise
ships, hospitals, and long-term care facilities.

Phylogeography of GI.6 outbreaks. Of the three emerging
non-GII.4 strains, GI.6 was further analyzed because it is a rare

TABLE 3 Genotype distribution of norovirus outbreaks from 2009 to 2013 according to setting

Genotypea
Total no. of
outbreaks

No. (%) of outbreaks in:

Child
care
centers

Correctional
facilities

Cruise ships and
vacation locales Hospitals

Long-term care
facilities

Parties and
events Restaurants

Schools and
communities

Unknown
settings

GI.1 5 (0.1) 0 0 0 1 (0.7) 3 (0.1) 0 0 0 1 (0.3)
GI.2 10 (0.3) 0 0 0 0 3 (0.1) 0 4 (1.0) 2 (0.9) 1 (0.3)
GI.3 107 (2.7) 1 (1.6) 0 2 (2.0) 2 (1.4) 28 (1.1) 7 (3.3) 26 (6.7) 21 (9.3) 20 (6.5)
GI.4 43 (1.1) 1 (1.6) 0 1 (1.0) 0 23 (0.9) 3 (1.4) 4 (1.0) 5 (2.2) 6 (2.0)
GI.5 24 (0.6) 0 0 4 (4.0) 0 11 (0.4) 2 (0.9) 4 (1.0) 2 (0.9) 1 (0.3)
GI.6 216 (5.5) 4 (6.6) 1 (2.3) 5 (5.0) 1 (0.7) 83 (3.4) 21 (9.9) 34 (8.7) 33 (14.5) 34 (11.1)
GI.7 26 (0.7) 1 (1.6) 0 2 (2.0) 1 (0.7) 5 (0.2) 1 (0.5) 9 (2.3) 3 (1.3) 4 (1.3)
GI.8 1 (�0.1) 0 0 0 0 0 0 1 (0.3) 0 0
GI.9 3 (0.1) 0 0 0 0 3 (0.1) 0 0 0 0
GII.1 214 (5.4) 5 (8.2) 1 (2.3) 1 (1.0) 1 (0.7) 90 (3.6) 26 (12.2) 35 (9) 42 (18.5) 13 (4.2)
GII.2 69 (1.7) 6 (9.8) 0 0 2 (1.4) 4 (0.2) 15 (7.0) 13 (3.3) 25 (11.0) 4 (1.3)
GII.3 23 (0.6) 3 (4.9) 0 1 (1.0) 1 (0.7) 6 (0.2) 3 (1.4) 6 (1.5) 2 (0.9) 1 (0.3)
GII.4 2,853 (72.0) 21 (34.4) 40 (93.0) 76 (75.2) 125 (86.8) 2,081 (84.1) 99 (46.5) 193 (49.6) 39 (17.2) 179 (58.3)
GII.4 2006bb 152 (3.8) 2 (3.3) 0 1 (1.0) 6 (4.2) 109 (4.4) 2 (0.9) 18 (4.6) 1 (0.4) 13 (4.2)
GII.4 2007c 10 (0.3) 0 0 0 0 6 (0.2) 1 (0.5) 1 (0.3) 1 (0.4) 1 (0.3)
GII.4 2009d 1,737 (43.9) 11 (18.0) 20 (46.5) 52 (51.5) 80 (55.6) 1,273 (51.4) 61 (28.6) 88 (22.6) 17 (7.5) 135 (44)
GII.4 2012e 954 (24.1) 8 (13.1) 20 (46.5) 23 (22.8) 39 (27.1) 693 (28) 35 (16.4) 86 (22.1) 20 (8.8) 30 (9.8)
GII.5 11 (0.3) 0 0 1 (1.0) 0 3 (0.1) 0 4 (1.0) 2 (0.9) 1 (0.3)
GII.6 151 (3.8) 10 (16.4) 0 3 (3.0) 5 (3.5) 57 (2.3) 13 (6.1) 29 (7.5) 27 (11.9) 7 (2.3)
GII.7 64 (1.6) 5 (8.2) 0 2 (2.0) 1 (0.7) 23 (0.9) 10 (4.7) 7 (1.8) 12 (5.3) 4 (1.3)
GII.12 98 (2.5) 3 (4.9) 0 1 (1.0) 4 (2.8) 35 (1.4) 7 (3.3) 17 (4.4) 11 (4.8) 20 (6.5)
GII.13 30 (0.8) 1 (1.6) 1 (2.3) 2 (2.0) 0 12 (0.5) 3 (1.4) 1 (0.3) 1 (0.4) 9 (2.9)
GII.14 3 (0.1) 0 0 0 0 1 (�0.1) 1 (0.5) 1 (0.3) 0 0
GII.15 1 (�0.1) 0 0 0 0 0 0 1 (0.3) 0 0
GII.16 3 (0.1) 0 0 0 0 1 (�0.1) 2 (0.9) 0 0 0
GII.17 4 (0.1) 0 0 0 0 2 (0.1) 0 0 0 2 (0.7)
GII.21 1 (�0.1) 0 0 0 0 1 (�0.1) 0 0 0 0

Total 3,960 61 (1.5) 43 (1.0) 101 (2.6) 144 (3.6) 2,475 (62.5) 213 (5.4) 389 (9.8) 227 (5.7) 307 (7.7)
a Different GII.4 variants.
b GII.4 Den Haag 2006b.
c GII.4 Osaka 2007.
d GII.4 New Orleans 2009.
e GII.4 Sydney 2012.

FIG 1 Norovirus outbreaks by setting and transmission route. The numbers of norovirus outbreaks in different settings are shown for food-borne (�) and
person-to-person (�) transmissions.
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genotype, had atypical seasonality, and had not been analyzed
previously, unlike GII.12 (21). We decided to amplify the P2 re-
gion of this virus and to compare the sequences to investigate
whether outbreaks could be directly linked or were closely related.
P2 sequences from 43 GI.6 outbreaks that spread throughout the
United States in 2011 to 2012 could be grouped into southern
(Tennessee) and northeastern (New York) subclusters, based on
the earliest observed outbreak for each phylogenetic cluster (Fig.
4). The Tennessee cluster had a simple dispersal trend, with a
linear relationship between the distance and time from the first
outbreak (Pearson’s r � 0.92, R2 � 0.85). The New York subclus-
ter was more complex, with at least two dispersions, from Mas-
sawepie, NY, to Portland, OR (Pearson’s r � 0.85, R2 � 0.72), and
from Brooklyn, NY, to Farmington Hills, MI (Pearson’s r � 0.86,
R2 � 0.73), and two outbreaks (in New York in February 2011 and
in Virginia in March 2012) that were not directly related (by date
and phylogenetic distance) to the New York subcluster. In sum-
mary, phylogeographic analysis of GI.6 outbreaks indicated time
and distance dependence of GI.6 outbreaks.

DISCUSSION

From September 2009 through August 2013, epidemiologic and
virologic data from 3,960 norovirus outbreaks in the United States

were reported to CaliciNet. A total of 16.1% of the known out-
breaks were reported to have resulted from food-borne transmis-
sion. Outbreaks affected a median of 18 people overall, 21 people
in person-to-person outbreaks, and 11 people in food-borne out-
breaks. A total of 2,475 (63%) of all norovirus outbreaks occurred
in LTCF, 389 (9.8%) in restaurants, 227 (5.7%) in schools, 2,131
(5.3%) at parties, and 144 (3.6%) in hospitals.

Two new GII.4 variants, i.e., GII.4 New Orleans 2009 in October
2009 (11) and GII.4 Sydney 2012 in October 2012, replaced previ-
ously predominant GII.4 strains. Although certain states reported
increased outbreak activity associated with these new variants, such
increases could not be confirmed nationally (14, 23–26). In addition,
three non-GII.4 strains (GII.12, GII.1, and GI.6) emerged succes-
sively and caused between 11 and 15% of all outbreaks for their re-
spective time periods. Using phylogeographic analysis, we identified
that the GI.6 strains consisted of two related genetic clusters that
spread throughout the United States from two distinct geographic
locations. We further observed that outbreaks caused by GI.3, GI.6,
GI.7, GII.3, GII.6, and GII.12 were more often associated with food-
borne outbreaks, whereas GII.4 was primarily associated with per-
son-to-person transmission.

GII.4 outbreaks occurred disproportionally among older pa-

FIG 2 Distribution of norovirus GII.4 variants from September 2009 through August 2013. Area graphs represent GII.4 Sydney 2012 (black) and GII.4 New
Orleans 2009 (gray). The lines track GII.4 Den Haag 2006b (dashed line) from 2009 to 2012 and GII.4 New Orleans 2009 (solid line) from September 2012
through August 2013.

FIG 3 Norovirus GII.12, GII.1, and GI.6 outbreaks reported to CaliciNet from September 2009 through August 2013. The numbers of outbreaks are shown for
spring through summer (April through September) or fall through winter (October through March).
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tients in settings such as LTCF, hospitals, and cruise ships, com-
pared with outbreak settings with younger patients (�65 years
old) such as schools, which had proportionally fewer GII.4 out-
breaks. Moreover, the settings with the fewest GII.4 outbreaks
were schools and child care centers, both settings populated nearly
exclusively by younger people. Increasing age has been reported as
a risk factor for nosocomial gastrointestinal infections (27). Why
age is a risk factor is not fully known, but waning immunity or
immunosenescence in the elderly population has been suggested
to play an important role for viral infections (28, 29). Age by itself
may not fully explain why the majority of outbreaks (72%) were
caused by GII.4 viruses. Aside from patient age, GII.4 viruses may
contain a currently unknown virulence factor that is not present in
other norovirus genotypes. Modern GII.4 noroviruses have an
amino acid insertion in epitope D, which has been present in GII.4
noroviruses only since the Farmington Hills 2002 variant, and this
epitope has been shown to be a blockade epitope for post-2002
GII.4 noroviruses (30). The presence of epitope D in GII.4 noro-
viruses, along with the inability of aging immune systems to
mount robust immune responses (29), may favor GII.4 norovi-
ruses over non-GII.4 noroviruses in people �65 years of age. An-
tigenic changes over time have been shown to be specifically asso-
ciated with GII.4 blockade epitopes (30), which supports the
hypothesis that the emergence of new GII.4 strains, including
GII.4 Sydney 2012, is driven by evolutionary escape from herd
immunity (30, 31).

Over the 4 years of data, 16.1% of all outbreaks were epidemi-
ologically linked to the consumption of food. This percentage is in
the same range as that reported from a comprehensive study in
Europe (32) and slightly lower than that reported by the National
Outbreak Reporting System (NORS), which is an Internet-based
system for local, state, and territorial U.S. health departments to
report all enteric disease outbreaks (33). We identified several ge-
notypes that were more frequently associated with food-borne
transmission, including GI.3, GI.6, GI.7, GII.3, GII.6, and GII.12.
Our data confirm recent findings that certain non-GII.4 geno-
types are more frequently detected in food-borne outbreaks in
Europe (34). Interestingly, our data did not show an association
between GI.2 or GI.4 viruses and food-borne outbreaks (34).
These different findings could reflect temporal variations in the

circulation of non-GII.4 genotypes in the population, with spe-
cific genotypes emerging only in certain years, as we reported for
GII.12 and GI.6 in the United States (21, 22). Interestingly, of the
three emergent non-GII.4 genotypes (GII.12, GII.1, and GI.6),
GII.1 caused the greatest number of outbreaks, whereas GII.12
and GI.6 outbreaks were 2 to 4 times more likely to be caused by
contaminated food than by person-to-person transmission.

Phylogeographic analyses indicated that, in 2011 to 2012, GI.6
viruses spread from the first reported outbreaks in Tennessee and
New York. P2 sequences have been used to trace norovirus outbreaks
in hospitals and nursing homes (18–20, 35), as well as to establish the
number of mutations over the course of a norovirus infection (20).
Within an outbreak, sequence diversity between subjects is small (0 to
0.3%); however, viruses collected later in an infection of the same
person accumulated several mutations, compared to viruses shed at
the onset of the infection (20). P2 sequence data for the GI.6 out-
breaks in our study differed 0 to 2%, which could indicate that at least
several outbreaks might have had a common source or, alternatively,
had minimal circulation. Mutations in the P2 subdomain can affect
both antigenic and histo-blood group antigen binding sites and, if
favorable for the virus, are likely to be sustained (30, 36, 37). GI.6
outbreaks that do not have 100% identical sequences may still be
related, and therefore, the slightly different P2 sequences of the out-
breaks that occurred in the southern and northeastern United States
might have had a single food-borne source.

From 2009 through 2013, three non-GII.4 viruses (GII.12,
GII.1, and GI.6) caused 13% of all outbreaks. These novel strains
likely emerged after recombination events (5, 11, 38). Although
molecular determinants of virulence are difficult to discern, the
increase in the number of outbreaks reported after the emergence
of a recombinant norovirus strain (21, 39) suggests that nonstruc-
tural proteins may be involved. Recent reports have also indicated
that the emergence of the GII.4 pandemic variants are derived
from recombination events (40) and the current major variant,
GII.4 Sydney 2012, has already started to recombine with other
GII.4 variants (24). This would suggest that the major capsid pro-
tein is not the sole virulence factor in norovirus disease and that
population immunity and genetic drift of the major capsid protein
are not the only factors involved in norovirus immune evasion
(38, 41). Complete norovirus genome sequence data have shown
that changes of several unique amino acid residues within non-
structural protein 4 (NS4) have occurred over time (6, 41), indi-
cating that NS4 may be important in immune evasion. The emer-
gence of GII.12 in 2009 to 2010, GII.1 in 2010 to 2011, and most
recently GI.6 in 2011 to 2012 indicates that a combination of cap-
sid and nonstructural proteins may be responsible for a surge of
outbreaks from year to year in addition to the major GII.4 variant
outbreaks, which occur mainly in the winter. Sequence data
clearly show the increase and decrease of these variants in the last
4 years and confirm that the cyclic emergence of new norovirus
strains is a global phenomenon (10, 23–27).

Our study has several limitations. First, the epidemiologic in-
formation that is entered into CaliciNet for the outbreaks may be
preliminary in some cases, as the outbreak investigation might not
have been finalized. Final information, including additional epi-
demiologic, demographic, and clinical details, is captured by the
NORS (33), and efforts are under way to integrate NORS and
CaliciNet. Second, norovirus genotyping is performed by ampli-
fication of a small region of ORF2 (11). However, amplification of
the P2 subdomain has been shown to have better resolution to

TABLE 4 Genotype frequency distributions of 3,616 norovirus
outbreaks reported in 2009 to 2013

Genotype

No. of outbreaks of the
indicated transmission type:

P (�2 test)
Odds ratio
(95% CI)a

Food-
borne

Person-to-
person Unknown

GI.3 20 56 30 0.01 1.93 (1.12–3.21)
GI.4 7 18 17 0.1 2.1 (0.8–4.9)
GI.6 49 109 55 �0.01 2.5 (1.8–3.6)
GI.7 8 6 12 �0.01 7.1 (2.41–22.1)
GII.1 36 141 36 0.1 1.38 (0.93–2.0)
GII.2 14 41 14 0.05 1.84 (0.96–3.3)
GII.3 8 10 5 �0.01 4.3 (1.6–11.1)
GII.4 239 1,838 764 �0.01 0.33 (0.27–0.40)
GII.6 34 85 32 �0.01 2.2 (1.45–3.30)
GII.7 12 36 16 0.08 1.79 (0.88–3.40)
GII.12 22 31 45 �0.01 3.89 (2.20–6.98)
a The reference for odds ratios is food-borne transmission. CI, confidence interval.
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distinguish between norovirus strains (18–21, 24). Unfortunately,
because of the high level of genetic variation in ORF2 of norovi-
ruses, P2 assays that detect all norovirus genotypes are difficult to
implement in CaliciNet. An additional limitation is the entangle-
ment of age and setting data. Although every effort was made to
analyze patient age and outbreak setting data independently, there

is a strong correlation between the two, making separate analysis
of the parameters difficult. Third, we could not detect differences
between genotype profiles of the rarer genotypes. However, rare
strains are of interest because they may have the potential to
emerge quickly with public health consequences, as was reported
for the recombinant ORF1 GII.b viruses, which were reported first

FIG 4 Time-ordered geographic distribution of GI.6 outbreaks in the eastern half of the United States by P2 subdomain phylogenetic analysis. The phylogenetic
nucleotide tree of the GI.6 P2 subdomain was run in PhyML using the custom model TIM3ef�I, as determined by jModelTest using the corrected Akaike
information criterion. Branch support was provided by the approximate likelihood ratio test. The distance of the root GI.6 VA497 (GenBank accession no.
AF538678) is 1.46 nucleotides between the node of the two GI.6 clusters and reference GI.6. The truncated P2 tree shows the two main clusters of GI.6 circulating
primarily in the eastern United States. The complete phylogenetic tree and corresponding outbreaks can be provided upon request. Outbreak information was
downloaded from CaliciNet, and outbreaks from the eastern United States were mapped according to the latitude and longitude coordinates of the outbreak
(squares). Overlapping outbreaks were jittered for clarity. The outbreak dates were time ordered, and the sizes of the squares indicate the order of the outbreaks
within the cluster of the same color as the phylogenetic tree. Smaller squares indicate earlier outbreaks and larger squares indicate later outbreaks. The dates
(month/day/year) and cities of the mapped outbreaks are listed in the tree.
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after a large waterborne outbreak (42) and then were transmitted
through different routes, including food-borne distribution,
throughout Europe, causing up to 13% of the outbreaks between
1999 and 2004 (34). Lastly, P2 sequences were obtained from 34%
of the reported GI.6 outbreaks, which may not have been repre-
sentative, and links to a possible seeding event may have been
missed.

Since 2009, CaliciNet has captured data from 45 states, allow-
ing for comprehensive national norovirus outbreak surveillance.
Information on circulating norovirus genotypes in the United
States will provide much-needed data for the development and
potential reformulation of a norovirus vaccine (43). Improved
understanding of which genotypes are preferentially associated
with food-borne outbreaks, as well as the continued tracking of
newly emerging strains, will facilitate better understanding of no-
rovirus disease. Because food-borne disease may be associated
with certain genotypes, rapid typing of outbreaks will allow for
quick implementation of control measures specific for food-
borne disease, to limit the spread of norovirus. The data provided
in our study will also help to provide enhanced disinfection and
prevention strategies, such as focusing on early control and inter-
vention measures in LTCF, the single most important setting for
GII.4 norovirus outbreaks. Although it is currently not feasible for
routine analysis, future typing methods may include sequencing
of the complete genome, which will allow better resolution of
outbreaks and detection of emerging variants (44). In addition to
tracking of norovirus genotypes based on the viral capsid, the
continuous emergence of new recombinant norovirus strains will
provide an impetus to identify which nonstructural proteins are
important in norovirus virulence and possible immune evasion.
Continuous surveillance of changing trends, norovirus strains,
and genotype distributions will be helpful in continued efforts to
reduce the burden of norovirus gastroenteritis.
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