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Background.  Norovirus is a leading cause of epidemic acute gastroenteritis (AGE), with most outbreaks occurring during winter. 
The majority of outbreaks are caused by GII.4 noroviruses; however, data to support whether this is true for sporadic medically at-
tended AGE are limited. Therefore, we sought to compare the clinical characteristics and seasonality of GII.4 vs non-GII.4 viruses.

Methods.  Children aged 15 days -17 years with AGE symptoms were recruited from the outpatient, emergency department, and 
inpatient settings at Vanderbilt Children’s Hospital, Davidson County, Nashville, Tennessee, from December 2012 -November 2015. 
Stool specimens were tested using qRT-PCR for GI and GII noroviruses and subsequently genotyped by sequencing a partial region 
of the capsid gene.

Results.  A total of 3705 patients were enrolled, and stool specimens were collected and tested from 2885 (78%) enrollees. Overall, 
636 (22%) samples were norovirus-positive, of which 567 (89%) were GII. Of the 460 (81%) genotyped GII-positive samples, 233 
(51%) were typed as GII.4 and 227 (49%) as non-GII.4. Compared with children with non-GII.4 infections, children with GII.4 
infections were younger, more likely to have diarrhea, and more likely to receive oral rehydration fluids. Norovirus was detected 
year-round and peaked during winter.

Conclusions.  Approximately 40% of sporadic pediatric norovirus AGE cases were caused by GII.4 norovirus. Children infected 
with GII.4 had more severe symptoms that required more medical care. Seasonal variations were noticed among different genotypes. 
These data highlight the importance of continuous norovirus surveillance and provide important information on which strains pe-
diatric norovirus vaccines should protect against.
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Norovirus is a major cause of acute gastroenteritis (AGE) 
outbreaks [1] and is associated with recurrent infections 
throughout life among all age groups [1, 2]. After the introduc-
tion of rotavirus vaccine led to a substantial reduction in pedi-
atric rotavirus AGE, norovirus has emerged as the leading cause 
of pediatric AGE, with more than 1 million pediatric health-
care visits attributed to norovirus infections every year in the 
United States [1, 3–5]. Recent studies from the New Vaccine 
Surveillance Network documented norovirus as the leading 

cause of AGE hospitalization and emergency department (ED) 
visits in children aged <5  years, and they also reported that 
GII.4 was the most common genotype among these medically 
attended pediatric infections [5]. Noroviruses are genetically 
and antigenically diverse single-stranded RNA viruses that can 
now be classified into at least 10 genogroups (GI–GX), of which 
GI and GII viruses cause the majority of infections in humans. 
Genogroups are further subdivided into at least 49 genotypes 
based on complete capsid protein sequences [6], with GII.4 vir-
uses being responsible for the majority of outbreaks over the last 
15 years worldwide [7–10]. New GII.4 strains typically emerge 
every 2–4 years and replace previous predominant strains, often 
causing more severe AGE [11].

Since several norovirus vaccines are currently under devel-
opment [12–14], understanding the burden and severity of 
norovirus disease, including which genotypes predominate, is 
important [5]. Identifying which genotypes could be associ-
ated with more severe presentations that warrant hospitaliza-
tion in young children compared with the genotypes that are 
associated with milder presentation that can be managed in 
the outpatient (OP) settings will provide essential information. 
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Therefore, we compared the clinical characteristics and distri-
bution among norovirus genotypes in children aged <18 years 
who presented with AGE symptoms and sought medical care 
in 3 medical settings over 3 consecutive seasons. We also com-
pared demographics, clinical characteristics, and genotype dis-
tributions between norovirus-positive AGE cases and healthy 
controls (HC).

METHODS

Study Design

We retrospectively analyzed a cohort of norovirus-positive chil-
dren who were part of a 3-year, prospective, active, population-
based AGE surveillance study [15]. Children who resided in 
Davidson County, Tennessee, and presented to Monroe Carrell 
Jr Children’s Hospital at Vanderbilt University Medical Center 
(VUMC) in Nashville, Tennessee, were enrolled from 3 set-
tings: OP, ED, and inpatient (IP) between 1 December 2012 and  
30 November 2015 [16]. AGE was defined as diarrhea (≥3 epi-
sodes of loose stools within 24 hours) and/or vomiting (≥1 epi-
sode in 24 hours) within 10 days of enrollment [5].

Study Population
AGE Cases
Children aged 15  days–17  years with AGE who presented to 
ED or OP clinic settings and admitted children aged 15 days–
10  years were approached and enrolled if eligible and if the 
parent or guardian consented. Patients were excluded if they 
had a noninfectious cause of diarrhea, were immunocompro-
mised, previously enrolled for the same AGE episode (defined 
as ≤3 symptom-free days), or transferred from another hospital 
after 48 hours of admission. Children enrolled in the ED and 
OP settings were reclassified as IP if they were hospitalized for 
their illness and had no alternative diagnosis noted upon med-
ical chart review.

Healthy Controls
Children aged 15  days–17  years who resided in Davidson 
County were approached during scheduled well-child visits at 
the VUMC pediatric OP clinic. HC were frequency-matched 
by age, race/ethnicity, and the time of enrollment based on 
AGE case patients who provided a stool sample, with a case-
control ratio of 2:1 in the first 2 study years and 3:1 in the third 
study year. Children were deemed ineligible if they reported 
acute respiratory infection symptoms within 3 days of enroll-
ment, AGE symptoms within 14 days of enrollment, or clinical 
immunodeficiency.

After obtaining informed written consent from a parent or 
guardian, demographic and clinical data were collected through 
parent/guardian interviews, and chart reviews were performed 
to determine outcome data. Institutional review board ap-
proval was obtained from the Centers for Disease Control and 

Prevention [2], Tennessee Department of Health (TDOH), and 
VUMC.

Specimen Collection and Testing

Whole stool specimens were collected within 5 and 10  days 
of enrollment for HC and AGE cases, respectively. Those who 
provided a stool sample outside this window were excluded. 
Norovirus testing was performed by TDOH using quantita-
tive reverse-transcription polymerase chain reaction as previ-
ously described [10, 15, 17]. Norovirus-positive specimens were 
genotyped by sequencing a partial region of the capsid gene [15, 
18].

Data Analyses
Baseline Demographics and Clinical Characteristics
Descriptive statistics were summarized as frequency (per-
centage), median (interquartile range), or mean (standard 
deviation) where appropriate. Only typable norovirus GII 
strains were included in strain analyses; GI, mixed GI/GII, and 
nontypable GII viruses were excluded from the analyses. GII.4 
and non-GII.4 genotypes were compared using the Pearson 
χ2 test for categorical variables. The 2-sample t test, allowing 
unequal variances or 1-way analysis of variance, was used for 
continuous variables. A significance level of 0.05 (2-tailed) was 
used for all analyses. All statistical analyses were performed 
using Stata version 15.0 (StataCorp, College Station, TX). Cycle 
threshold (Ct) values were used as a proxy for viral load, with 
lower Ct values representing higher viral loads. Ct values of 
GII.4 viruses were compared to values of non-GII.4 viruses.

Regression Analysis Model
Among children infected with GII norovirus, a multivariable 
logistic model with robust standard errors was used to com-
pare the odds of oral rehydration fluid use across predictors 
of interest, including age, gender, race, ethnicity, prematurity, 
current or history of breastfeeding, daycare/preschool/school 
attendance, viral codetection, norovirus genogroup (GII.4 vs 
non-GII.4), and norovirus Ct values.

RESULTS

Study Population

Over the 3-year study period, 5434 AGE cases were eligible 
for enrollment, of which 3705 (68%) were enrolled (Figure 1). 
Of those enrolled, 2885 (78%) had stool collected and viral 
test results available; 636 (22%) tested positive for norovirus 
(Figure  1). Among the norovirus-positives, 567 (89%) tested 
positive for GII, 61 (10%) for GI, and 8 (1%) were mixed GI/
GII infections (Figure 1). The median age of symptomatic chil-
dren infected with norovirus was 19  months (interquartile 
range [IQR], 10.7–44.2); 50% were male, 64% were white, and 
45% were Hispanic. Of the 636 norovirus-positive patients, 350 
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(55%) were enrolled from the ED, 236 (37%) from the OP set-
ting, and 50 (8%) from the IP setting.

For HC, 1563 were enrolled and 1110 (71%) had stool col-
lected and viral test results available; 93 (8.4%) tested posi-
tive for norovirus; 81 (87%) were GII and 12 (13%) were GI 
(Figure  1). The median age of norovirus-positive HC was 
14  months (IQR, 7.5–22.6), 57% were male, 54% were white, 
and 44% were Hispanic.

Clinical and Demographic Characteristics of GII.4 vs Non-GII.4 Infections

Among 567 AGE cases with a GII norovirus-positive spec-
imen, 107 (19%) could not be typed, 233 (41%) were typed 
as GII.4, and 227 (40%) were typed as non-GII.4 (Figure 1). 
Children infected with GII.4 norovirus were younger, more 
likely to receive oral rehydration fluids, and less likely to 

attend daycare/preschool/school than those infected with 
non-GII.4 norovirus (P < .05 for all variables; Table 1). When 
comparing Ct values, GII.4 infections had lower mean Ct 
values compared with non-GII.4 infections (20.35 ± 4.22 vs 
21.16 ± 4.455, P < .001). There was no difference in the fre-
quency of codetection of other viruses between the 2 groups 
(GII.4, 6% vs non-GII.4,10%; P = .140). Figure 2 displays the 
age groups by genotype, with similar distribution by genotype 
in children aged <5 years. However, nearly three-quarters of 
the older children had non-GII.4 genotypes. Regardless of 
genotype, most children infected with GII norovirus were 
managed in the ED. Moreover, there was no significant differ-
ence between the detection of GII.4 (53% ED, 38% OP, 9% IP) 
and non-GII.4 (53% ED, 40% OP, 7% IP) among the 3 clinical 
settings (P = .58).

Figure 1.  Study enrollment algorithm for AGE cases and HC and results of norovirus protein capsid sequencing. Abbreviations: AGE, acute gastroenteritis; HC, healthy 
control.
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GII.4 patients had a higher frequency of vomiting and diar-
rhea than non-GII.4 patients (P = .038 and P < .001, respec-
tively; Table  1). When we compared the distribution of AGE 
symptom presentations, non-GII.4 patients had a higher fre-
quency of presenting with vomiting only, fever and vomiting, 
and fever and diarrhea compared with GII.4 children (P < .05 
for all 3 variables; Supplementary Figure 1). However, no sig-
nificant differences in the duration of diarrhea, vomiting, and 
fever between the 2 groups were noted (Table 1).

Disease Severity

On multivariable logistic regression, GII.4 norovirus genotype 
infection was the only predictor directly associated with in-
creased odds of oral rehydration fluid use (odds ratio, 1.727; 
95% confidence interval, 1.177–2.533; P = .005; Table 2).

Comparison of GII.4 and Non-GII.4 Seasonality

Norovirus was detected year-round during the study period 
(Figure  3). GII.4 noroviruses were not detected in several 
summer months but had significant peaks during winter 
months in each study year. In contrast, non-GII.4 viruses 
were detected throughout the year, with multiple peaks ob-
served over time (Figure  3). In order, GII.3, GII.6, GII.7, 
GII.13, and GII.2 were the most common non-GII.4 geno-
types detected over the 3-year study period  (Figures 1 and 
3).

Norovirus-positive AGE Cases vs Controls

In HC, 50/81 (62%) GII norovirus infections were typable, of 
those, 26/50 (52%) were GII.4. The most common non-GII.4 
in HC was GII.2 (46%; Figure  1 and Supplementary Figure 
2). Among all children infected with GII norovirus, HC had 

Figure 2.  Frequency of GII.4 vs non-GII.4 in children with acute gastroenteritis 
by age group.

Table 2.  Coefficient Estimates From Logistic Regression Models 
to Evaluate Association Between Variables Associated With Oral 
Rehydration Fluid Use

Oral Rehydration Fluid

 Odds Ratio
95% Confi-

dence Interval
P 

Value

GII.4 norovirus genotype 1.727 1.177–2.533 .005

  Age, mo 0.994 .988–1.00 .070

  Male 0.845 .574–1.242 .392

  White 1.348 .803–2.261 .258

  Hispanic or Latino 0.606 .32–1.617 .969

  Prematurity 0.865 .434–1.724 .681

  Current or history of 
breastfeeding

0.885 .565–1.384 .591

  Daycare/Preschool/School 1.003 .620–1.622 .990

  Viral codetection 1.083 .532–2.204 .826

  Cycle threshold values 0.998 .955–1.043 .921

Table 1.  Characteristics of Patients With Acute Gastroenteritis and 
Typeable GII Genotype Detection

Non-GII.4 
(n = 227) GII.4 (n = 233)

P 
Value

Demographics

  Age, mean ± standard deviation, mo 36.07 ± 37.30 26.58 ± 35.18 .005a

  Age, median (interquartile range), mo 21 (10–52) 15 (10–26)  

  Sex, male 107 (47) 124 (53) .192b

  White 143 (63) 156 (67) .084b

  Black/African American 72 (32) 56 (24)

  Other/None/Mixed 12 (5) 21 (9)

  Hispanic or Latino 103 (45) 111 (48) .626b

  Preterm 16 (7) 19 (8) .905b

  Daycare/Preschool/School 88 (39) 52 (23) <.001b

  Current or history of breastfeeding 176 (78) 171/232 (74) .340b

  Antibiotics during admission 10/225 (4) 5 (2) .167b

Symptoms at presentation

  Duration of illness, days 2.47 ± 1.82 2.72 ± 1.83 .153a

  Fever 112 (49) 100 (43) .167b

   Duration, days 1.96 ± 1.49 1.90 ± 1.29 .728a

  Vomitingc 212 (93) 227 (97) .038b

    Duration, days 1.82 ± 1.17 2.02 ± 1.33 .088a

    Episodes 6.03 ± 4.24 6.61 ± 5.25 .208a

  Diarrheac 128 (56) 174/232 (75) <.001b

    Duration, days 2.43 ± 1.65 2.55 ± 1.85 .552a

    Episodes 5.08 ± 4.22 5.95 ± 5.44 .138

Severity

  Intensive care unit admission 0 1/23 (4) .398b

  Dehydration (skin test)d 15/216 (7) 12/220 (5) .519b

  Oral rehydration fluids 101 (44) 139 (60) .001b

    IV rehydration before admission 7 (3) 2/231 (1) .087b

    IV rehydration during admission 29/226 (13) 35 (15) .498b

Categorical data are n (%), continuous data are mean ± standard deviation, and median 
(interquartile range).

Abbreviation: IV, intravenous.
at test.
bPearson χ2 test.
cYes/no question for any episode.
dFor the skin test, the child’s abdominal skin was pulled for 1 second. The interviewer 
measured the time for the skin fold to retract. A child was considered dehydrated if their 
skin retracted slowly (ie, skin fold remains visible for 1–2 seconds).

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1001#supplementary-data
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higher Ct values compared with AGE cases, indicating a lower 
viral load (24.2 ± 4.4 vs 20.6 ± 4.2, P < .001). AGE cases were 
more likely to attend daycare/preschool/school (34% vs 15%, 
P = .001) and were older (34 ± 39.5 vs 21 ± 22.3, P < .001) com-
pared with HC, but there was no difference in sex, race, eth-
nicity, prematurity, current or history of breastfeeding, or viral 
codetection between the 2 groups.

DISCUSSION

Of the pediatric sporadic norovirus medically attended AGE 
cases, norovirus GII.4 accounted for nearly 40%. Our findings 
are consistent with those from other published studies from the 
United States that also noted the predominance of GII.4 viruses 
both in outbreak and nonoutbreak settings [5, 18–20]. Children 
infected with GII.4 also had more diarrhea and vomiting and 
were more likely to receive oral rehydration fluids compared 
with children infected with other non-GII.4 genotypes. In par-
ticular, GII.4 norovirus infection was independently associated 
with increased odds of oral rehydration fluid use, even with 
adjusting for other risk factors, including age, breastfeeding, 
and Ct values. Our data suggest that GII.4 viruses are associated 
with more severe disease compared with other genotypes.

The greater severity of GII.4 norovirus infections is also con-
sistent with previous studies [21–23]. For instance, a Finnish 
study of children aged <2 years found that children with GII.4 
infections had a higher overall AGE severity score compared 
with those infected with other genotypes [22]. Moreover, in 

norovirus outbreaks in the United States, GII.4 viruses were 
more likely to be associated with a more severe outcome [24], 
including in subsequent seasons [25–28]. Factors that may ex-
plain the higher severity of illness associated with GII.4 in our 
cohort include younger age and higher viral loads (eg, lower Ct 
values). In fact, several studies noted that a higher viral load was 
associated with more severe symptoms [29, 30]. In addition, 
GII.4 strains may be intrinsically more virulent due to increased 
breadth of ligand binding on cell surfaces and their rapid evo-
lution that favors evasion of the host immune response [23, 24, 
31, 32].

Interestingly, we also noted age differences among chil-
dren with a known GII genotype. For example, the frequency 
of GII.4 decreased inversely with age. Non-GII.4 genotypes 
also represented nearly three-quarters of children in the 5– 
17-year age group, which suggests a degree of immune pro-
tection elicited by previous GII.4 infections. These age dif-
ferences were also found in a study from Hong Kong that 
reported that GII.4 viruses accounted for the majority of 
AGE cases in children aged <5 years, while non-GII.4 viruses 
were more prevalent in older age groups, including younger 
adults [33]. Further surveillance studies in other cohorts are 
needed to determine whether these findings are consistent 
across diverse geographic and clinical settings. Although 
GII.4 viruses are the most commonly detected genotype, 
non-GII.4 viruses are cocirculating, including year-round, 
and the particular genotypes vary in different years. We 

Figure 3.  Seasonal patterns of norovirus GII.4 vs non-GII.4 and all GII genotypes during 2012–2015.
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noted seasonal differences for several non-GII.4 viruses that 
showed a higher prevalence during summer and autumn, 
while GII.4 viruses had a clear winter seasonality [10] as has 
been reported previously [34]. In addition, we also found that 
GII.3, GII.6, and GII.7 followed by GII.2 and GII.13 were the 
most common non-GII.4 viruses. In the same study men-
tioned above from Hong Kong, GII.17 was the most common 
genotype in 2014/2015 and GII.2 in 2016/2017 [33]. Another 
study from Thailand, in which the investigators tested fecal/
rectal swab samples from both adult and pediatric hospital-
ized patients with AGE, reported that 2/3 of patients with a 
positive norovirus test were aged <5  years and that GII.17, 
GII.3, and GII.6 were the most common non-GII.4 geno-
types [35]. Among medically attended norovirus-infected 
children in the United States during 2009–2011, GII.12 was 
the most common genotype second only to GII.4 [5]. These 
differences highlight the dynamic nature of norovirus molec-
ular epidemiology and indicate a need for continued molec-
ular strain surveillance, ideally using dual typing of strains 
[10] in order to identify newly emerging strains and their 
impact [18, 33, 36–38].

GII.4 was the most common genotype in HC followed by 
GII.2 viruses. In contrast, GII.3 was most prevalent second to 
GII.4 in AGE cases. In addition, compared with HC, AGE cases 
had higher viral loads for all genotypes, consistent with what 
we found in our previous study [15], demonstrating that higher 
viral loads correlate with symptomatic infections and likely 
contribute to a higher likelihood of viral transmission [30]. 
Compared with HC, AGE patients were older and more likely to 
attend daycare/preschool/school. The latter finding suggests an 
increased risk of exposure to norovirus in daycare/preschool/
school in nonoutbreak settings [39–41]. The impact of noro-
virus genotype and age on transmission is unclear and warrants 
further investigation [24].

Our study has several limitations and strengths. Several chil-
dren in the older age groups did not provide stool samples and 
were excluded from the study. Of those who provided a stool 
sample and tested positive for norovirus, we were not able to 
genotype all samples. Using a multivariate logistic regression 
model, Ct values were the only independent predictor of typing 
success, which explains the typing failure of samples with a 
high Ct value (ie, lower viral load provides insufficient RNA 
for downstream sequencing). We included only patients from 
Monroe Carrell Jr Children’s Hospital at VUMC–Davidson 
County, and thus our findings may not be generalizable to other 
geographic regions. However, our study is unique in that we in-
cluded children infected with norovirus from 3 clinical settings 
(OP, ED, and IP), which generates a more representative sample 
of children with medically attended AGE, accounting for the 
potential differences in severity, causative agents, and variable 
management in different clinical settings. In addition, due to 
our large sample size, we were able to note significant clinical 

and demographic differences among norovirus genotypes. Also, 
nearly 80% of the children enrolled provided a stool sample, 
and nearly 3000 stool samples were tested.

In summary, GII.4 norovirus was consistently the most 
common genotype in children who presented with AGE and 
caused a more severe illness. Seasonal variations were noticed 
among different genotypes. These data might help in strain se-
lection for candidate norovirus vaccines and also highlight the 
importance of continuous surveillance of norovirus genotypes 
in different geographic regions for vaccine formulation.
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