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Trends in Incidence of Norovirus-associated Acute
Gastroenteritis in 4 Veterans Affairs Medical Center
Populations in the United States, 2011-2015

Scott Grytdal,' Hannah Browne,"? Nikail Collins,' Blanca Vargas,® Maria C. Rodriguez-Barradas,* David Rimland,’ David 0. Beenhouwer,®’
Sheldon T. Brown,*® Matthew Bidwell Goetz,*’ Cynthia Lucero-Obusan," Mark Holodniy," Anita Kambhampati,""' Umesh Parashar,' Jan Vinjé,'
Ben Lopman,"' Aron J. Hall," and Cristina V. Cardemil’

'National Center for Imunization and Respiratory Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia; “Oak Ridge Institute for Science and Education, Tennessee; “Infectious
Diseases Section, Michael E. DeBakey Veterans Affairs Medical Center, and “Infectious Diseases Section, Baylor College of Medicine, Houston, Texas; *Atlanta Veterans Affairs Medical Center,
Georgia; Veterans Affairs Greater Los Angeles Healthcare System, California; "David Geffen School of Medicine, University of California, Los Angeles; %James J. Peters Veterans Affairs Medical
Center, and *Mount Sinai School of Medicine, Bronx, New York; '®Public Health Surveillance and Research, Department of Veterans Affairs, Palo Alto, California; and ""IHRC, Inc, and "Rollins
School of Public Health, Emory University, Atlanta, Georgia

Background. Norovirus is an important cause of epidemic acute gastroenteritis (AGE), yet the burden of endemic disease in
adults has not been well documented. We estimated the prevalence and incidence of outpatient and community-acquired inpa-
tient norovirus AGE at 4 Veterans Affairs Medical Centers (VAMC) (Atlanta, Georgia; Bronx, New York; Houston, Texas; and Los
Angeles, California) and examined trends over 4 surveillance years.

Methods. From November 2011 to September 2015, stool specimens collected within 7 days of AGE symptom onset for clini-
cian-requested diagnostic testing were tested for norovirus, and positive samples were genotyped. Incidence was calculated by mul-
tiplying norovirus prevalence among tested specimens by AGE-coded outpatient encounters and inpatient discharges, and dividing
by the number of unique patients served.

Results.  Of 1603 stool specimens, 6% tested were positive for norovirus; GIL.4 viruses (GIL.4 New Orleans [17%] and GIL.4
Sydney [47%]) were the most common genotypes. Overall prevalence and outpatient and inpatient community-acquired incidence
followed a seasonal pattern, with higher median rates during November-April (9.2%, 376/100 000, and 45/100 000, respectively)
compared to May-October (3.0%, 131/100 000, and 13/100 000, respectively). An alternate-year pattern was also detected, with
highest peak prevalence and outpatient and inpatient community-acquired norovirus incidence rates in the first and third years of
surveillance (14%-25%, 349-613/100 000, and 43-46/100 000, respectively).

Conclusions. 'This multiyear analysis of laboratory-confirmed AGE surveillance from 4 VAMCs demonstrates dynamic intra-
and interannual variability in prevalence and incidence of outpatient and inpatient community-acquired norovirus in US Veterans,

highlighting the burden of norovirus disease in this adult population.

Keywords.

norovirus; gastroenteritis; veterans; outpatients; inpatients.

Acute gastroenteritis (AGE) is a major cause of morbidity in the
United States. An estimated 179 million cases, >1 million hospi-
talizations, and >11 000 deaths associated with AGE occur an-
nually [1-4]. Norovirus is a leading cause of AGE [5]. Although
norovirus AGE is generally self-limiting in healthy adults, the
young, elderly, and immunocompromised can be severely af-
fected [3, 6-8]. Adults aged 265 years are estimated to account
for 320 000 outpatient visits and almost 1000 norovirus-associ-
ated deaths annually in the United States [9].
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Prior estimates of the US incidence of norovirus AGE in
adults have been based on extrapolations of etiologic fractions
from studies in other developed countries [2, 10], time-series
regression models using electronic healthcare database infor-
mation [3, 4, 11, 12], and passive surveillance [13-15]. Direct
assessments of laboratory-confirmed, age-specific incidence
of norovirus AGE in the United States are needed to assess the
potential impacts of targeted interventions, such as candidate
norovirus vaccines [16]. While norovirus outbreak surveil-
lance and model-based incidence estimates have shown year-
to-year variation in prevalence and incidence of norovirus as
well as winter seasonality 3, 4, 11, 17-19], previous direct lab-
oratory-based incidence estimates were limited to stool spec-
imens collected over the course of a single year [13-15]. We
describe trends in norovirus prevalence and incidence from
stool specimens collected from Veterans utilizing 4 Veterans
Affairs Medical Centers (VAMCs) between November 2011
and September 2015.
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METHODS

Study Population, Specimen Collection, and Testing

The US Department of Veterans Affairs (VA) healthcare
system serves 9 million enrollees at >1200 Veterans Health
Administration (VHA) sites. This study was conducted at 4
VAMC:s (Atlanta VA Medical Center, Atlanta, Georgia; Michael
E. DeBakey VA Medical Center, Houston, Texas; Greater Los
Angeles VA Healthcare System, Los Angeles, California; and
James J. Peters VA Medical Center, Bronx, New York). Each
site was selected based on their willingness to participate in
the study. This study protocol was reviewed and approved by
the institutional review board (IRB) at the Centers for Disease
Control and Prevention (CDC) and by the IRB and VA Research
and Development Office at each participating VAMC.

Three sites (Atlanta VAMC, Michael E. DeBakey VAMC,
and James J. Peters VAMC) participated in all 4 surveillance
years (November 2011-October 2012; November 2012-
October 2013; November 2013-October 2014; and November
2014-September 2015). Greater Los Angeles VAMC did not
participate during the second surveillance year (November
2012-October 2013) due to study personnel turnover.

From 1 November 2011 to 30 September 2015, stool spec-
imens collected for clinician-requested diagnostic testing at
each VAMC and associated community-based outpatient clin-
ics were shipped to CDC for supplemental norovirus testing.
Specimens were tested for norovirus RNA using the AgPath-ID
One-Step reverse-transcription polymerase chain reaction
(PCR) kit (Applied Biosystems, Foster City, California) on
the 7500 Real-Time PCR platform (Applied Biosystems) [20].
Norovirus-positive specimens were genotyped by comparing
region C sequences to reference strains using phylogenetic anal-
ysis per CaliciNet protocols [20].

Data Sources, Incidence Calculations, and Statistical Analysis
Clinical and epidemiological data associated with each stool
specimen (excluding personal identifiers) were extracted
from VAMC electronic medical records. These data included
age, race, and sex; presence of vomiting or diarrhea; dates of
specimen collection, AGE symptom onset, and admission (for
inpatients); if gastroenteritis was a reason for admission (for
inpatients); if the specimen was tested for Clostridium difficile
or C. difficile toxin, ova, parasites, or enteric bacteria by cul-
ture at the VAMC hospital laboratory; and results of those tests.
Patients were included in analyses if either vomiting or diarrhea
were noted in the medical chart and the specimen was collected
within 7 days of symptom onset. For inpatients, only specimens
from patients who presented for medical care with AGE symp-
toms were included in the analysis, and are thus referred to as
inpatients with community-acquired norovirus in this analysis.
Population estimates, including unique patients served and
AGE-related inpatient discharges and outpatient encounters,
were provided by VHA Public Health Surveillance and Research

and defined using a previously described set of International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes (Supplementary Table). We considered an
outpatient encounter or inpatient discharge to be an episode of
AGE if any of these ICD-9-CM codes were present at any outpa-
tient encounter code or discharge code position. Monthly AGE-
related inpatient discharges and outpatient encounters were
provided for November 2011 through September 2015, as well
as the annual numbers of unique patients served for fiscal years
2012 to 2015. Unique patients served includes all Veterans who
utilized any VA inpatient or outpatient services in a given year,
and is therefore the best indicator of population denominator
for incidence calculations.

Site-, age-, and surveillance season-specific norovirus inci-
dence among VAMC patients seeking care was calculated on
the basis of norovirus prevalence in outpatient or inpatient
specimens (p(noro,)), number of AGE outpatient encounters or
inpatient discharges (E,), and total number of unique patients
served (N). Outpatient norovirus incidence per 100 000 popula-
tion for a given age category or site (j) was calculated as:

(10” % p(1010) 5,0 3y * Eour(j)) /N -

Likewise, inpatient community-acquired norovirus incidence
per 100 000 patients for a given age category or site (j) was
calculated as:

(10°  p(noro),, ;y * Ein(j)) /N(j-

Annualized biannual (November-April, May-October) noro-
virus incidence was calculated with the formulas above, using
the cumulative number of unique patients served in the first
half of each fiscal year in the denominator. Combined noro-
virus season (ie, November 2011-April 2012; November 2012-
April 2013; November 2013-April 2014; November 2014-April
2015) and combined low norovirus transmission season (ie,
May-October 2012; May-October 2013; May-October 2014;
May-September 2015) incidence was calculated by adding
together (p(noro)), (E), and the estimated biannual unique
patients served for each specified period.

Statistical significance of categorical variables was assessed
by calculating univariate odds ratios (ORs) and x* P values.
For categorical variables with >2 categories, logistic regression
using indicator variables was used to calculate univariate ORs
and 95% confidence interval (Cls). External median quartile
calculations were used to calculate quartiles for norovirus prev-
alence by month. Confidence intervals for incidence calcula-
tions were obtained using bootstrapping.

RESULTS

Characteristics of Patients and Specimens
A total of 1603 stool specimens were collected from 1 November
2011 to 30 September 2015. Median patient age was 62 years

Norovirus Incidence Trends Among US Veterans « CID 2020:70 (1 January) « 41


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz165#supplementary-data

(range, 25-99 years). Ninety percent (n = 1443) of patients
were male (Table 1). Forty-nine percent (n = 788) were seen
in outpatient settings; 51% (n = 815) were inpatients admitted
to VAMCs for community-acquired AGE. Ninety-six percent
(n = 1041) had diarrhea only, 35% (n = 556) had diarrhea with
vomiting, and 4% (n = 58) had vomiting only. Median time be-
tween onset of AGE symptoms and of stool specimen collection
was 3 days. Eighty-two percent (n = 1320) of specimens were
tested for C. difficile toxin, 64% were tested using bacterial cul-
turing, and 49% (n = 749) were tested for the presence of ova
and parasites.

Norovirus Prevalence

Six percent (103/1603) of stool specimens were norovirus-pos-
itive; prevalence by site ranged from 5% to 10% (Table 1).
Prevalence varied by surveillance year, with higher norovirus
detection rates in the first (8%) and third (8%) years of surveil-
lance and lower rates in the second (5%) and fourth (4%) years.
Prevalence was significantly higher during the first (OR, 2.48

[95% CI, 1.29-4.76]) and third (OR, 2.26 [95% CI, 1.18-4.31])
years of surveillance compared to year 4. African-American
patients were half as likely to be infected with norovirus com-
pared to white patients (OR, 0.54 [95% CI, .35-.84]). Norovirus
prevalence was not significantly different by age, sex, or setting.

Most (75%) norovirus-positive stool specimens were col-
lected during November-April (Figures 1 and 2). Peak preva-
lence for norovirus was noted earlier (December-January) in
the first and third years of surveillance, and reached a seasonal
high of 20%-25%, while the second and fourth years of surveil-
lance had slightly later (March-April) and lower seasonal peaks
(14% for both years; Figure 2).

Coinfections and Genotyping

Fourteen percent (n = 14) of norovirus-positive patients were
coinfected with >1 additional pathogen, most frequently
C. difficile (n = 8). GII.4 New Orleans was the most common
genotype (17% [n = 17]) in the first year of surveillance.
GIIL.4 Sydney was most common in subsequent surveillance

Table 1. Characteristics of Patients on Whom Specimens Were Tested for Norovirus at 4 Veterans Affairs Medical Centers, November 2011-September

2015 (N = 1603)

Total No. (%) No. (%) Norovirus-positive
Characteristic (N = 1603) (n=103) Univariate OR (95% ClI) PValue
Age category, y
18-44 256 (16) 21 (8) Ref.
45-64 704 (44) 42 (6) 0.71 (.41-1.22) 218
65-84 556 (35) 32 (6) 0.68 (.39-1.21) 192
>85 83 (5) 8 (10) 1.19 (.61-2.81) .685
Not provided 4 (<1) 0 (0) NA NA
Race
White 752 (47) 62 (8) Ref.
African-American 689 (43) 32 (5) 0.54 (.35-.84) .006
Other® 162 (10) 9 (6) 0.66 (.32-1.36) 257
Sex
Male 1443 (90) 93 (6) 1.01 (.52-1.99) 971
Female 157 (10) 10 (6)
Not provided 3 (<1) 0 (0) Ref.
Setting
Outpatient 788 (49) 57 (7) 1.30 (.87-1.95) 195
Inpatient 815 (51) 46 (6) Ref.
Site
A (Bronx) 410 (26) 25 (6) 1.39 (.78-2.47) .261
B (Houston) 388 (24) 38 (10) 2.33 (1.37-3.95) .002
C (Los Angeles) 267 (17) 16 (6) 1.37 (71-2.62) .348
D (Atlanta) 538 (34) 24 (5) Ref.
Surveillance year (November—October)
2011-2012 410 (26) 36 (8) 2.48 (1.29-4.76) .007
2012-2013 363 (23) 18 (5) 1.39 (.67-2.87) .382
2013-2014 472 (29) 37 (8) 2.26 (1.18-4.31) .014
2014-2015 358 (22) 13 (4) Ref.
Clinical symptoms
Vomiting 556 (35) 65 (12) NA
Diarrhea 1545 (97) 101 (7) NA

Abbreviations: Cl, confidence interval; NA, not applicable; OR, odds ratio.

®Includes 21 Asian/Pacific Islanders, 8 American Indian/Alaska Natives, 7 with >1 reported race, and 126 individuals with no reported race.
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Figure 1.  Box-and-whisker plot of norovirus prevalence by month from stool specimens collected from patients at 4 Veterans Affairs Medical Centers, November 2011-September
2015. Boxes represent the interquartile range by surveillance year; horizontal lines indicate median prevalence; and “X" indicates mean norovirus prevalence for each month.

years, in 47% (n = 48) of norovirus-positive specimens norovirus-positive specimens could not be determined. Ten

(Figure 3). Other GII genotypes represented 21% (n = 22) percent (n = 10) of norovirus-positive specimens were posi-
of norovirus-positive specimens; the genotype of 6% (n = 6) tive for genotype GI.
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Figure 2. Number of stool specimens tested for norovirus and norovirus prevalence by month at 4 Veterans Affairs Medical Centers, November 2011-September 2015.
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Figure 3. Norovirus genotypes among positive stool specimens at 4 Veterans Affairs Medical Centers, by surveillance season, November 2011-September 2015.

Incidence Estimates corresponded with approximately 2% of all outpatient AGE-related
Approximately 38 000 AGE-associated outpatient encounters and  encounters and 15% of all inpatient AGE-related discharges.
5400 AGE-associated inpatient discharges were reported during Overall norovirus outpatient incidence was estimated at 252

November 2011-September 2015 (Table 2). Stool specimens  per 100 000 patient-years from November 2011 to September

Table 2. Estimates of Incidence Among Outpatients and Inpatients With Community-acquired Norovirus Infection at 4 Veterans Affairs Medical Centers,
November 2011-September 2015

Outpatient Inpatient Community-acquired
Outpatient No. of Stool Norovirus No. of Stool No. Norovirus
Total Annual AGE Specimens No. Noro- Incidence per Inpatient Specimens Norovirus  Incidence per
Unique Patients Encounters, Collected (% of  virus-pos- 100 000 Patient- ~ AGE Dis-  Collected (% of Positive 100 000 Patient-

Characteristic Served, No. No. AGE Encounters) itive (%) years (95% Cl) charges  AGE Discharges) (%) years (95% Cl)
Site

Bronx 97754 4826 166 (3.4) 15 (9.0) 446 (238-654) 683 244 (35.7) 10 (4.1) 29 (11-49)

Houston 384772 12963 224 (1.7) 22 (9.8) 331 (196-466) 2225 164 (7.4) 16 (9.8) 56 (28-85)

Los Angeles 253189 8356 152 (1.8) 4(2.6) 87 (22-174) 719 115 (16.0) 12 (10.4) 30 (15-49)

Atlanta 366961 12178 246 (2.0) 16 (6.5) 216 (121-324) 1839 292 (15.9) 8(2.7) 14 (5-24)
Age category, y

18-44 209904 8069 174 (2.2) 14 (8.0) 309 (1565-486) 508 82 (16.1) 7 (8.5) 21 (9-35)

45-64 410409 15769 313 (2.0) 30 (9.6) 368 (246-491) 2388 391 (16.4) 12/(3.1) 18 (9-30)

65-84 416835 12408 268 (2.2) 11 (4.1) 122 (56-200) 2178 288 (13.2) 21 (7.3) 38 (24-54)

>85 65528 2077 32 (1.5) 2(6.3) 198 (0-495) 392 51 (13.0) 6 (11.8) 70 (23-129)
Surveillance year

2011-2012 279152 7983 161 (2.0) 14 (8.7) 239 (124-382) 1298 249 (28.9) 21(8.4) 38 (24-54)

2012-2013" 208003 7364 190 (2.6) 12 (6.3) 234 (130-354) 1141 173 (15.2) 6 (3.5) 19 (6-35)

2013-2014 303630 11462 233 (2.0) 24 (10.3) 389 (243-535) 1516 239 (15.7) 13 (56.4) 28 (156-42)

2014-2015 311891 11514 204 (1.8) 7 (3.4) 129 (36-217) 1511 154 (10.1) 6 (3.9) 19 (6-35)
Total 1102676 38323 788 (2.1) 57 (72) 252 (194-313) 5466 815 (14.9) 46 (5.6) 28 (20-36)

Abbreviations: AGE, acute gastroenteritis; Cl, confidence interval.

“Data from Los Angeles for 2012-2013 were not available.
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2015 (range by site, 87-446/100 000 patient-years). Inpatient
community-acquired norovirus incidence was estimated at 28
per 100 000 patient-years (range by site: 14-56/100 000 patient-
years). Higher rates were observed in the first and third sur-
veillance years (outpatient: 239 and 389/100 000, respectively;
community-acquired inpatient: 38 and 28/100 000, respec-
tively), with lower rates in alternate years (outpatient: 234 and
129/100 000, respectively; community-acquired inpatient: 19
and 19/100 000, respectively).

Norovirus incidence peaked during the expected November—
April norovirus season. Outpatient norovirus incidence was
highest during November-April of each surveillance year, and
had higher peaks in the first and third years of surveillance
(356/100 000 [95% CI, 178-570/100 000 patient-years] patients
in 2011-2012 and 626/100 000 [95% CI, 395-922/100 000
patient-years] patients in 2013-2014). Inpatient communi-
ty-acquired norovirus incidence demonstrated a similar pat-
tern, with higher peaks in alternate years (48/100 000 [95%
CI, 24-71/100 000] and 45/100 000 [95% CI, 20-73/100 000]
in 2011-2012 and 2013-2014, respectively). Norovirus inci-
dence during November-April (annualized outpatient inci-
dence: 441/100 000 [95% CI, 321-561/100 000]; annualized
inpatient community-acquired incidence: 44/100 000 [95% CI,
31-58/100 000]) was higher than that during May-October
(outpatient incidence: 132/100 000 [95% CI, 61-203/100 000];

inpatient community-acquired incidence: 19/100 000 [95% CI,
10-29/100 000]) (Figure 4A and 4B). Median incidence rates
were 3 times higher during November-April (376/100 000 and
45/100 000 for outpatients and inpatients with community-ac-
quired norovirus infection, respectively) than May-October
(45/100 000 and 13/100 000 for outpatients and inpatients with
community-acquired norovirus infection, respectively).

Amongoutpatients, Veterans 45-64 years of age had the highest
estimated norovirus incidence (368/100 000 patient-years [95%
CI, 246-491/100 000 patient-years]); those 65-84 years of age had
the lowest (122/100 000 patient-years [95% CI, (56-200/100 000
patient-years]). Among inpatients with community-acquired
norovirus infection, Veterans 18-44 years and 45-64 years of age
had similar estimated incidence (21/100 000 patient-years [95%
CI, 9-35/100 000 patient-years] and 18/100 000 patient-years
[95% CI, 9-30/100 000 patient-years], respectively); estimated
incidence was higher among older patients (38/100 000 [95% CI,
24-54/100 000] among patients 65-84 years of age) and highest
in the oldest age group (70/100 000 [95% CI, 23-129/100 000]
among patients >85 years of age)

DISCUSSION

Among US Veterans utilizing 4 VAMCs from different ge-
ographic regions, norovirus was detected year-round with
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Figure 4. Biannual annualized norovirus incidence among outpatients (4) and inpatients with community-acquired infection (B) at 4 Veterans Affairs Medical Centers,
November 2011-September 2015. *Includes outpatient specimens collected during November 2011-April 2012; November 2012—April 2013; November 2013-April 2014;
and November 2014—April 2015. TIncludes outpatient specimens collected during May 2012—Qctober 2012; May 2013-October 2013; May 2014—0ctober 2014; and May
2015-September 2015. Yincludes inpatient specimens collected from patients admitted for acute gastroenteritis during November 2011-April 2012; November 2012—April
2013; November 2013—April 2014; and November 2014—April 2015. fIncludes inpatient specimens collected from patients admitted for acute gastroenteritis during May
2012—0ctober 2012; May 2013—Qctober 2013; May 2014—0ctober 2014; and May 2015-September 2015.
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distinct seasonal peaks. Consistent with previous observations,
norovirus incidence was higher among outpatients and ranged
from 129 to 389 per 100 000 patients by year, with seasonal
peaks up to 349 to 613 per 100 000, whereas inpatient commu-
nity-acquired norovirus incidence ranged from 19 to 38 per
100 000 patients by year, with seasonal peaks up to 43 to 46
per 100 000.

While overall norovirus prevalence in this study (6%)
among AGE specimens tested is similar to other single-year
studies conducted using passively collected stool specimens
(4%-12%)
over multiple norovirus seasons allowed us to examine fluc-

[13-15], conducting vyear-round surveillance

tuation in rates both within and between surveillance years.
Prevalence peaked in alternate years; prevalence was higher
and peaked earlier in December and January of 2011-2012
and 2013-2014, compared with lower and later spring peaks
in March and April of 2012-2013 and 2014-2015. In all 4 sur-
veillance years, winter seasonal highs were observed with a
peak prevalence of 14%-25%. While the winter seasonality of
norovirus in temperate climates has been well described, few
studies have demonstrated distinct peaks by alternate years
[21]. This biennial pattern is characteristic of US rotavirus
activity in the postvaccine era, with years of low activity and
erratic or absent seasonality alternating with years of moder-
ately increased activity and winter-spring seasonality [22-24].
The observed year-to-year variation in norovirus prevalence
could partly be an artifact of biennial reductions in rotavirus,
leading to a greater relative proportion of AGE attributable to
norovirus during those years [5, 25]. Continuing year-round
surveillance for norovirus over many years in different pop-
ulations and settings is therefore necessary to confirm these
observations and further characterize trends over time.

Norovirus incidence estimates varied between surveillance
years. Inpatient community-acquired norovirus incidence was
highest in 2011-2012 and 2013-2014 and lower in the alternate
years 2012-2013 and 2014-2015. Outpatient norovirus inci-
dence was highest in the 2011-2012 and 2013-2014 surveil-
lance years, and lowest in 2014-2015; however, the Cls for these
point estimates overlapped.

Outpatient incidence rates reported here are generally con-
sistent with results from the first year of surveillance of Veterans
at these 4 VAMCs (172-200 cases/100 000) [14], as well as
studies of outpatient norovirus incidence rates among adults in
the United States (172-790/100 000), United Kingdom (110-
380/100 000), and Germany (38-1340/100 000) [11, 13, 14, 26—
29]. The inpatient community-acquired norovirus incidence
estimates we report here are within the range reported from
studies that utilized retrospective regression models, prospec-
tive cohorts, or passive surveillance [4, 14, 30, 31]. Other studies
that examined laboratory-confirmed or physician-coded noro-
virus infections among active-duty personnel reported much
lower overall norovirus incidence estimates (1.3-5.7/100 000)

[32, 33], as did 2 studies that utilized only ICD codes (0.04-
6/100 000) [34, 35]; however, these studies were limited by low
stool specimen collection and norovirus testing rates and poor
utilization of norovirus-specific ICD codes. Another study that
utilized time-series regression models among dependent ben-
eficiaries of members of active-duty military reported much
higher rates among adults (240-370/100 000) [36]; methods
can greatly affect the magnitude of estimates, even when con-
ducted in similar populations.

Some variation in estimates can be attributed to differences
in the burden by age group, with young children and older
adults (=65 years of age) disproportionately affected. In our
study, the highest rates among inpatients with community-ac-
quired norovirus infection were in older adults (38/100 000 in
65- to 84-year-olds, and 70/100 000 in those =85 years old),
compared to 18 per 100 000 observed among 18- to 64-year-
olds. However, rates among outpatients did not follow this pat-
tern, with the highest outpatient norovirus incidence in 45- to
64-year-olds (368/100 000) and lower rates in those aged 65-84
and >85 years (122/100 000 and 198/100 000, respectively). This
finding could be in part due to the small sample size of patients
in hospitalized oldest age groups, or it could represent increased
risk among younger Veterans due to differences in exposures.

Norovirus prevalence was significantly lower among African
American patients compared with white patients, possibly due
to differences in secretor or Lewis status, which is associated
with susceptibility to norovirus infection [37, 38]. Ancestral dif-
ferences in fut2 gene expression and susceptibility to norovirus
infection have also been shown to be significantly associated with
Hispanic ethnicity [37]. Although in this study, Hispanic ethnic-
ity was not systematically collected and therefore prevalence in
this group of patients was not assessed, future studies may exam-
ine the relationship between secretor status, race, and ethnicity to
better understand risk factors for norovirus susceptibility.

This study has limitations. Our estimates rely on passive col-
lection of stool specimens from clinician-ordered diagnostic
tests for gastrointestinal pathogens. Providers may be less likely
to order diagnostic tests for patients with suspected viral AGE
due to the self-limiting nature of the illness as well as treatment
limitations, which may have biased our sampled populations to-
ward underestimation of norovirus prevalence. In this study, pro-
portions of collected stool specimens among all AGE encounters
were low (1.5%-12% by age group and setting). Additionally, no-
rovirus incidence may be underestimated as norovirus-positive
patients may have had other symptoms of AGE (eg, vomiting),
but not diarrhea or loose stools [39]. While inclusion of mul-
tiple years of surveillance allowed us to develop time- and age
group-specific norovirus incidence estimates, we still had rela-
tively low numbers of specimens among some categories of time
and/or age; consequently, some incidence estimates may be rel-
atively imprecise. Our norovirus incidence estimates are limited

to Veterans who utilized the VA for gastroenteritis-associated
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medical care; some may have sought care through non-VA pro-
viders, which would also bias our estimates downward. However,
most Veterans utilize VA health services exclusively [40]. We
intentionally used a population estimate of Veterans who have
utilized VA inpatient or outpatient services in their catchment
area within the past year rather than the total number of enrolled
Veterans, and excluded patients who only used VA services for
prescriptions or laboratory services, to limit this bias. Third, our
results may not be generalizable to all US Veterans, as our study
included 4 VAMCs classified as “high complexity” facilities,
meaning they have high patient volumes, high levels of teaching
and research, and the largest number and breadth of physician
specialists [41].

This study demonstrates dynamic variability in prevalence
and incidence of norovirus AGE by season and between sur-
veillance years for US Veterans seeking care in outpatient and
inpatient VAMCs. Our approach demonstrates the feasibility
of conducting passive surveillance for norovirus AGE, as well
as advantages of conducting systematic, year-round surveil-
lance over multiple years. Ongoing surveillance is needed to
further characterize temporal trends identified during passive
surveillance, and will allow for refinement of norovirus inci-
dence estimates. Additional surveillance will facilitate detection
of emergent strains of norovirus. Future norovirus surveillance
among US Veterans will be especially helpful in the event of
norovirus vaccine introduction, as older adults are considered
an important potential target group for vaccination efforts.
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