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Abstract

Background.—Globally, noroviruses cause infections year-round but have recognized winter
seasonality in the Northern Hemisphere and yearly variations in incidence. With candidate
norovirus vaccines in development, understanding temporal and geographic trends in norovirus
disease is important to inform potential vaccination strategies and evaluate vaccine impact.

Methods.—We analyzed data from the National Outbreak Reporting System (NORS) and
CaliciNet on single-state norovirus outbreaks that occurred during August 2009-July 2019 in

the contiguous United States. We defined norovirus season onset and offset as the weeks by which
10% and 90% of norovirus outbreaks in a surveillance year occurred, respectively, and duration
as the difference in weeks between onset and offset. We compared norovirus seasons across
surveillance years and geographic regions.

Results.—During August 2009-July 2019, 24 995 single-state norovirus outbreaks were reported
to NORS and/or CaliciNet. Nationally, the median norovirus season duration was 24 weeks, with
onset occurring between October and December and offset occurring between April and May.
Across all years combined, we observed a west-to-east trend in seasonality, with the earliest onset
(October) and latest offset (May) occurring in western regions and the latest onset (December) and
earliest offset (April) occurring in northeastern regions.

Conclusions.—Timing and duration of the US norovirus season varied annually but generally
occurred during October—May. Norovirus wintertime seasonality was less distinct in western
regions and was progressively more pronounced moving east. Further understanding the drivers
of spatiotemporal dynamics of norovirus could provide insights into factors that promote virus
transmission and help guide future interventions.
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Noroviruses are the leading cause of acute gastroenteritis among all ages in the United States
[1]. Noroviruses are genetically diverse viruses and can be grouped into 10 genogroups and
at least 49 genotypes [2], although variants of Gl1.4 norovirus have caused the majority

of illnesses worldwide since 2001 [3]. Virus transmission can occur through multiple
routes including ingestion of aerosolized vomitus, direct contact with an infected person,
consumption of contaminated food or water, or contact with contaminated environmental
surfaces [4, 5]. Gaps remain in our understanding of duration of immunity after norovirus
infection. Modeling studies have suggested that immunity can last between 4 and 9 years
[6], while other studies suggest a much shorter duration of immunity of 2 months-2 years
[7]. On average, each person in the United States is estimated to experience 5 norovirus
episodes during his or her lifetime [1].

Noroviruses circulate year-round but have a recognized seasonal pattern in the Northern
Hemisphere, with norovirus cases peaking during the winter months (December—February)
[8]. However, factors that contribute to this pattern are not well understood. Previous studies
have suggested that norovirus activity can be influenced by climatic factors, with increases
in norovirus transmission associated with both cold, dry temperatures [9] and rainfall [8, 10].
Transmission may further be mediated by host behavioral factors such as time spent indoors
with other individuals, as often occurs during periods of colder and wetter conditions, and by
circulation of new GllI.4 variants [9].

As several candidate norovirus vaccines are currently in development [11], it is important
to characterize seasonal, temporal, and geographic patterns in norovirus disease in order to
evaluate potential vaccine impacts and inform vaccination strategies, including timing of
vaccination. Here, we describe trends in norovirus disease in the United States based on an
analysis of 10 years of outbreak data.

METHODS

Data for this study were extracted from 2 surveillance systems that were launched in 2009
by the US Centers for Disease Control and Prevention (CDC). The National Outbreak
Reporting System (NORS) is used by state, local, and territorial health departments in the
United States to voluntarily report to CDC all foodborne and waterborne outbreaks, as
well as enteric outbreaks transmitted through contact with infected people, animals, and
contaminated environmental surfaces or by an unknown mode of transmission. CaliciNet
is a national laboratory surveillance network that collects data on confirmed norovirus
outbreaks in the United States. Outbreaks in both CaliciNet and NORS are defined

as =2 cases of illness associated with a common exposure (eg, food, setting). Health
departments may report outbreaks to NORS, CaliciNet, or both systems, as applicable.
Reports in NORS and CaliciNet can be linked using a common identifier to provide more
complete data on norovirus outbreaks. We extracted epidemiologic data on 18 March 2021
for all suspected (<2 laboratory-confirmed norovirus cases) and confirmed (=2 laboratory-
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confirmed norovirus cases) norovirus outbreaks spread by any mode of transmission and
reported to NORS with onset of the first illness occurring from 1 August 2009 through 31
July 2019. Data on all confirmed norovirus outbreaks during the same time were extracted
from CaliciNet. Reports were linked and de-duplicated.

Outbreaks were assigned to an August through July surveillance year according to date
of onset of the first reported illness and categorized into 52 epidemiologic weeks (EW),
with the first EW of each surveillance year starting on 1 August. Seasonal parameters
were defined previously by Rha et al [12]. Norovirus season onset was defined as the

EW by which 10% of all norovirus outbreaks for that surveillance year had occurred, and
season offset was defined as the EW by which 90% of norovirus outbreaks had occurred.
Season duration was thus the difference in weeks between season onset and offset during
which approximately 80% of outbreaks in the surveillance year occurred. We used season
duration as the primary indicator of season strength, or the increase in norovirus activity
during certain months of the year, with shorter seasons representing a greater clustering
of outbreaks over a shorter period of time. The peak week was the first EW of each
season during which the highest number of norovirus outbreaks occurred. We also used a
peak-to-mean ratio, defined as a ratio of the number of outbreaks that had occurred during
the peak week to the mean number of outbreaks that had occurred per week to serve as a
secondary indicator of season strength.

As we sought to examine geographical trends in norovirus outbreak activity, outbreaks
included in this analysis were limited to those that occurred in a single state within the 48
contiguous United States and the District of Columbia; multistate outbreaks were excluded.
To examine differences in spatiotemporal dynamics from season to season, outbreak

data from all included states were analyzed together by surveillance year. Data from all
surveillance years were then combined and analyzed by region! to examine geographic
variations in norovirus outbreak activity across time. Regions were defined as the following:
Mid-Atlantic: Delaware, Maryland, New Jersey, Pennsylvania, Virginia, Washington, DC,
West Virginia; Northeast: Connecticut, Maine, Massachusetts, New Hampshire, New York,
Rhode Island, Vermont; Midwest: Illinois, Indiana, Michigan, Ohio; Northwest: Idaho,
Montana, Oregon, Washington, Wyoming; Midcentral: Minnesota, North Dakota, South
Dakota, Wisconsin; Southcentral: Arkansas, Colorado, lowa, Kansas, Louisiana, Missouri,
Nebraska, New Mexico, Oklahoma, Texas; Southeast: Alabama, Florida, Georgia, Kentucky,
Mississippi, North Carolina, South Carolina, Tennessee; and West: Arizona, California,
Nevada, Utah. Regional groupings were based on proximity and were developed to evenly
distribute the number of reports per region and allow for more stable estimates of seasonality
indicators.

Sensitivity analyses were conducted to examine potential areas for surveillance bias and
examine potential factors contributing to seasonal patterns by repeating analyses after
restricting the dataset to outbreaks within certain strata: outbreaks reported to NORS and/or
CaliciNet during 1 August 2012-31 July 2019, outbreaks reported to NORS (excluding
those that were only reported to CaliciNet), outbreaks spread via person-to-person
transmission, foodborne outbreaks, confirmed norovirus outbreaks, confirmed norovirus
outbreaks with a Gl11.4 capsid (GI1.4 norovirus outbreaks), and confirmed norovirus
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outbreaks with a non-Gll1.4 capsid (non-Gll.4 norovirus outbreaks). We also examined
an alternate regional grouping developed by the US National Oceanic and Atmospheric
Administration, known as the Climate Extremes Index (CEI) [13]. All analyses were
conducted in SAS version 9.4 (SAS Institute, Cary, NC) and ArcGIS (ESRI, Redlands,
CA).

RESULTS

During 1 August 2009-31 July 2019, 24995 norovirus outbreaks were reported to NORS
(16707 outbreaks), CaliciNet (3721 outbreaks), or both systems (4567 outbreaks) from the
48 contiguous United States and the District of Columbia. In total, 8409 (33.6%) outbreaks
were confirmed due to norovirus. Outbreaks were predominantly spread through person-to-
person transmission (19 031, 76.1%), with 3448 outbreaks (13.8%) spread by foodborne
transmission and 83 outbreaks (0.33%) spread through environmental contamination or
waterborne transmission. The mode of transmission was not determined for 2433 outbreaks
(9.7%). The number of reported outbreaks ranged from 1201 during the 2009-2010
surveillance year to 3215 reported during the 2018-2019 surveillance year, with a median of
2773 outbreaks reported per surveillance year (Figure 1).

National norovirus season duration varied by surveillance year (Table 1). The median
season duration was approximately 24 weeks (range, 22—28). National season onset
occurred earliest (week of October 31) during the 2010-2011, 2015-2016, 2017-2018,
and 2018-2019 surveillance years and latest (week of December 12) during the 2009-
2010 surveillance year. National season offset occurred earliest (week of April 10) during
the 2010-2011 surveillance year and latest (week of May 15) during the 2009-2010
surveillance year. The median peak week occurred during mid-February, with a range from
late December to late March.

When examined by region across all surveillance years combined, norovirus wintertime
seasonality was most distinct, with 80% of outbreaks clustering over a duration of 20

weeks and a peak-to-mean ratio of 3.0 in the eastern regions, specifically the Northeast and
Mid-Atlantic (Figure 2, Figure 3C). This seasonality became less distinct moving westward,
with the longest season duration (36 weeks) and lowest peak-to-mean ratio (1.9) in the West.
The earliest norovirus season onset occurred in the western states during the week starting
October 3 and occurred progressively later moving east, with the season starting latest

in the Northeast region during the week starting December 5 (Figure 3A). Season offset
first occurred in the Mid-Atlantic region during the week starting April 10 and occurred
progressively later moving west, with the season ending latest in the West region during

the week of June 5 (Figure 3B). While peak activity did not follow a distinct geographical
pattern, the peak week occurred between the week starting December 26 and the week
starting February 27 in all regions.

Sensitivity analyses that limited norovirus outbreaks to those reported during August 2012—
July 2019, those reported to NORS, those spread by person-to-person transmission, and
those that were laboratory-confirmed as norovirus all indicated the same overall pattern;
seasonality was strongest in in the northeastern states and became progressively less
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distinct moving west (Supplementary Appendix). This pattern in seasonality was also
visible when all outbreaks grouped into CEI regions were examined. When stratified

by genotype, laboratory-confirmed Gl1.4 norovirus outbreaks had stronger seasonality

than non-Gll1.4 norovirus outbreaks, though geographical patterns in seasonality were less
evident. Similarly, when limited to norovirus outbreaks spread via foodborne transmission,
season strength was overall less distinct and did not follow a discernible geographic pattern
(Supplementary Appendix).

DISCUSSION

Our findings in this analysis of nearly 25 000 norovirus outbreaks indicate that the timing
and duration of the norovirus season in the United States varies annually but generally
occurs during October—May. The seasonal increase in prevalence of norovirus activity
during the winter months also varies geographically; seasonality is less pronounced in
western regions and is progressively more distinct moving east. These findings were not
impacted by limiting observations to those reported to NORS, those that had a laboratory-
confirmed etiology of norovirus, and those outbreaks spread through person-to-person
transmission. These results also remained consistent after regional groupings were varied.
However, the spatiotemporal pattern in norovirus seasonality was not apparent when limited
to those outbreaks spread by foodborne transmission, nor when stratified by genotype. This
may indicate that the spatiotemporal trends are driven, at least in part, by person-to-person
transmission, which comprises the majority of norovirus outbreak transmissions [5].

Nationally, the number of reported norovirus outbreaks increased steadily during the 5 years
after inception of NORS in 2009 and stabilized during the 2014-2015 surveillance year. As
previously described, the increase in outbreaks reported from 2009 to 2014 may be generally
attributable to improvements to the NORS platform and outreach efforts to expand reporting,
including the inception of an enhanced surveillance network in 2012 [14, 15]. Our findings
were not impacted by these shifts in reporting, as evidenced by our sensitivity analysis that
limited data to outbreak reporting after 2012.

National norovirus season duration also varied, with the longest norovirus season occurring
during the 2015-2016 surveillance year. While our study did not specifically assess the
impact of emerging or predominantly circulating norovirus types on norovirus outbreak
incidence, it should be noted that the GlI.4 Sydney[P31] variant emerged during the 2012—
2013 surveillance year and the GI1.4 Sydney[P16] variant emerged during the 2015-2016
surveillance year [2, 16]. Previous studies have suggested that emergence of new Gll.4
variants can contribute to increased norovirus activity and contribute to seasonal changes

as a result of decreased population immunity to the new variant [9, 17]. While we found
that the 2015-2016 norovirus season was longer than other surveillance years, the peak-to-
mean ratio and number of reported norovirus outbreaks reported during the 2012-2013 and
2015-2016 surveillance years were generally similar to those from other surveillance years,
consistent with previous analyses that did not find associations between emergence of Gll.4
Sydney[P31] and Gl11.4 Sydney[P16] and the severity or magnitude of norovirus outbreaks in
the United States [18, 19].
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Though wintertime seasonality of norovirus has been well established in the temperate
Northern Hemisphere [8], our findings suggest that this seasonal pattern is not uniform
across the United States. States in the West, Northwest, and Southcentral regions had
weaker, less distinct seasonality compared with states in the Midwest, Mid-Atlantic, and
Northeast regions. An apparent lack of seasonal pattern has been described in other studies
conducted in relatively warmer regions including Peru [20] and on the African continent
[21], further reinforcing the need for additional research on factors that contribute to
transmission, such as temperature, humidity, and rainfall.

Variations in seasonal trends across the continental United States were similarly observed

in prevaccine detections for rotavirus. Prior to the introduction and widespread use of the
vaccine in 2006, rotavirus was the most common cause of severe gastroenteritis in children
aged <5 years [22]. Peak rotavirus detections each year followed an eastward-moving

trend, beginning in southwestern states from October—December and ending in the northeast
from April-May [23, 24]. This pattern became less apparent in the 2 years following
vaccine introduction, and studies have suggested that the pattern was driven by geographical
variability in birth rates, leading to accumulation of susceptible individuals (ie, newborns)
in the population [25, 26]. However, unlike rotavirus, which predominantly affects children
[27], norovirus infections occur among persons of all ages, and reinfections can occur
multiple times during a lifetime [1].

Our findings should be interpreted within the context of some limitations. First, reporting
to both NORS and CaliciNet is voluntary and may thus represent an underestimate of

true norovirus outbreak activity in the United States, the degree of which may vary

by individual state reporting to each system. We attempted to address potential biases
through sensitivity analyses, which largely confirmed our primary findings. The analysis
also includes norovirus outbreak data reported from 48 states and the District of Columbia
over a 10-year period, providing a robust dataset. Second, only about one-third of reported
norovirus outbreaks were laboratory-confirmed. Though the remaining outbreaks were
reported as suspected norovirus based on epidemiological and clinical evidence, it is
possible that some outbreaks may have been caused by another epidemiologically similar
pathogen, such as sapovirus [28]. Despite this, our findings remained consistent even when
limited to confirmed norovirus outbreaks. Finally, this analysis was based on data reported
through July 2019. During the COVID-19 pandemic and, specifically, beginning in March
2020, norovirus outbreak incidence in the United States dropped dramatically, disrupting
typical seasonal patterns [29]. While additional years of surveillance data are needed to
determine long-term effects of the pandemic on norovirus outbreak incidence, these data
provide a baseline for understanding these impacts.

The results of this analysis suggest that while norovirus outbreaks typically occur most
frequently during the winter months in the United States, the specific timing of elevated
norovirus activity and corresponding need for enhanced prevention measures may vary by
region. Continued surveillance, particularly in the context of the coronavirus disease 2019
pandemic, and further understanding of the spatiotemporal dynamics of norovirus could
provide insights into factors that promote virus transmission and help guide future norovirus
prevention strategies, including seasonal education campaigns and vaccinations.
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Figure 1.
Reported norovirus outbreaks by epidemiologic week and surveillance year, United States,

August 2009-July 2019. The weekly number of outbreaks is represented by the line and
presented on the left y~axis. The cumulative number of outbreaks reported each surveillance
year is represented by the gray bars and presented on the right y~axis.
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Figure 2.
Epidemiologic curves of norovirus outbreak activity by region, United States, August 2009—

July 2019. The number of outbreaks are reported by epidemiologic week (listed by month)
among all years, from 2009-2019. Regions are presented in approximate geographic order,
along with the total number of outbreaks reported per region and PMR. Abbreviation: PMR,
peak-to-mean ratio.
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Norovirus outbreak season onset (4), offset (B), and duration (C) by region, United States,

August 2009-July 2019.
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