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Abstract 

 

 

Epidemiologic Profiles: Clinical and Epidemiologic Profiles for Norovirus 

Outbreaks 

 

By Joana Yu 

 

 

Background:  Noroviruses are the leading cause of acute gastroenteritis outbreaks and 

foodborne disease outbreaks in the United States.  Laboratory testing for norovirus during 

outbreak investigations has historically been limited by the availability of molecular-based 

diagnostics and resource constraints at state and local health departments. In the absence 

of laboratory confirmation, clinical and epidemiologic profiles, such as the Kaplan criteria 

(vomiting in ≥50% of cases, mean incubation period of 24–48 h, mean duration of illness 

12–60 h, and negative bacterial culture) and the ratios of fever-to-vomiting and diarrhea-

to-vomiting have proven useful in distinguishing norovirus from bacterial agents.   

 

Methods:  Previously proposed clinical and epidemiologic profiles were reevaluated with 

outbreaks occurring during 2009-2012 and reported through the National Outbreak 

Reporting System (NORS), specifically those with the following etiologies: laboratory 

confirmed norovirus (N=2,939), suspected norovirus (N=1,321), laboratory confirmed 

non-viral (N=1,544), and unknown etiology (N=3,694). Alternative clinical and 

epidemiologic profiles were developed and evaluated with classification and regression 

tree (CART) modeling.  The performance of previous profiles and the CART predictors 

was evaluated by Cohen’s kappa statistic, as well as the proportion of outbreaks with all 

criteria reported, sensitivity, specificity and the likelihood ratio. 

 

Results:  The Kaplan criteria remained highly specific (100%, 95% CI: 83.2%-100%) with 

a Cohen’s kappa of 0.34 but only 108 (3.7%) confirmed norovirus and 19 (1.2%) confirmed 

non-viral outbreaks had all information for the criteria reported.  With CART modeling, an 

alternative clinical and epidemiologic profile was developed with the fever-to-vomit ratio 

<1, the proportion of cases with vomiting ≤0.34, and the proportion of cases with bloody 

stool <0.12.  The CART predictors had a high likelihood ratio of 12.5, a Cohen’s kappa of 

0.78 (95% CI: 0.75-0.81), and 706 (24.0%) confirmed norovirus and 605 (39.1%) 

confirmed non-viral outbreaks had information for all criteria reported.  

 

Conclusion:  Relative to the Kaplan criteria, the CART predictors were similarly effective 

in distinguishing norovirus from non-viral outbreaks, but were reported far more frequently 

in NORS. These predictors provide a useful alternative profile for identifying likely 

norovirus etiology during outbreak investigations.   
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Chapter I. Background 

 

Global Impact of Norovirus 

Worldwide, diarrheal diseases exact a tremendous burden, accounting for 1.45 

million deaths every year and an estimated 98.5 million disability-adjusted life-years 

(DALYs) [1, 2].  Diarrheal illnesses can cause a wide range of symptoms that range from 

minor discomfort to dehydration which can result in death (reviewed in [3]).  Episodes of 

diarrhea can also negatively affect overall health through malnutrition or weakened 

immunity, especially for vulnerable populations including children and the elderly [4-6].  

Norovirus is estimated to be associated with 18% of all cases of acute gastroenteritis (AGE) 

characterized by diarrhea and vomiting [7].  In low income countries, AGE has caused 

more than 25% of deaths in children younger than 5 years [7].  Noroviruses are the leading 

cause of outbreak-associated gastroenteritis worldwide (reviewed in [8]).  In both 

developing and developed countries, the burden of norovirus infections is estimated to be 

hundreds of cases per 10,000 persons; however, the number of infections is still 

underestimated due to the lack of diagnosis and reporting to surveillance systems (reviewed 

in [9]).   

 

Norovirus in the United States 

In the United States, norovirus is the leading cause of sporadic gastroenteritis in all 

age groups and the most common cause of foodborne illnesses (reviewed in [10-12]).   

Annually in the United States, there are 19–21 million cases, 56,000–71,000 

hospitalizations, and 570–800 deaths attributed to norovirus [13]. Moreover, it has been 
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estimated that in the United States norovirus illnesses have resulted in a loss of 5,000 

quality-adjusted life years (QALY) annually [14].  Although norovirus can affect all age 

groups, young children and the elderly are at increased risk for more severe and prolonged 

illness leading to hospitalization [15].  Among children <5 years of age, norovirus is the 

leading cause of AGE, and norovirus infections account for nearly 1 million healthcare 

visits per year [16].  Elderly adults ≥65 years of age are at the greatest risk for norovirus-

associated death with an estimated 90% of annual norovirus-related deaths occurring in the 

elderly [13].  Moreover, for immunocompromised patients, norovirus is increasingly being 

recognized as a significant cause of chronic gastroenteritis [17].    

Norovirus is the leading cause of AGE outbreaks in the United States, which have 

occurred in a wide variety of settings including nursing homes, retirement centers, 

hospitals, cruise ships, schools, restaurants, and catered events (reviewed in [18-21]).  The 

most commonly reported settings of norovirus outbreaks in the United States are long-term 

care facilities including nursing homes (reviewed in [11, 22]).  Health-care staff, visitors, 

and patients can introduce the virus, and outbreaks in these settings have been 

demonstrated to last several months [23].  Additionally, restaurants and catered events are 

commonly reported settings for norovirus outbreaks.  With norovirus as the leading cause 

of foodborne illness (reviewed in [24, 25]), food can be contaminated with norovirus at 

any point during production, processing, distribution, or preparation [26].  Norovirus 

outbreaks have also been reported in schools, child care centers, and universities in the 

United States [27, 28].  Norovirus outbreaks can occur throughout the year, but seasonal 

patterns have been observed with increased activity during the winter months (reviewed in 

[13, 22, 29]). 
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Biology and Epidemiology of Norovirus 

Noroviruses are nonenveloped, single-stranded RNA viruses in the family 

Caliciviridae. The prototype norovirus,  Norwalk virus, was first identified as the causative 

agent of an acute nonbacterial gastroenteritis outbreak in Norwalk, Ohio in 1968 [30].  

Noroviruses comprise 7 distinct genogroups (GI-GVII) with three genogroups that infect 

humans (GI, GII, and GIV) [31].  The most prevalent genotype, GII.4, accounts for 70% 

of the capsid-based genotypes [32].  The emergence of new GII.4 genotype strains are 

associated with periodic increases in norovirus outbreaks due to evasion of population 

immunity, and new strains tend to rapidly replace exiting strains in circulation causing 

unusually high norovirus activity (reviewed in [22, 33]).   Noroviruses are highly infectious 

with infectious doses between 18 to 103 viral particles [10].  Transmission of norovirus can 

be both fecal-oral or vomit-oral and can occur through various routes including person-to-

person, environmentally-mediated, foodborne, and waterborne transmission [34].  

Noroviruses are also environmentally stable and have been found to persist on 

environmental surfaces during non-outbreak periods [34].  With a low infectious dose, a 

variety of transmission routes, and viral stability, norovirus outbreaks can be occur in a 

variety of settings and can be difficult to control.   

Norovirus infections can cause a variety of symptoms.  Illness typically begins after 

a short incubation period of  10–51 hours incubation period [15] with symptoms 

characterized by acute onset of non-bloody diarrhea, vomiting, nausea, abdominal cramps, 

fever, or body aches [26].   Without treatment, symptoms usually resolve after 28–60 hours 

in otherwise healthy individuals [35].  In young children, the elderly, and 

immunocompromised persons, symptoms have been observed to last for prolonged periods 
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from 4–6 days (reviewed in [36, 37]).  Norovirus-associated deaths among the elderly have 

also been reported as a result of outbreaks in long-term care facilities [38]. 

 Norovirus can be shed through a variety of mechanisms; however, it is uncertain if 

detection of the virus alone is a risk for transmission [26].  Norovirus is shed primarily 

through stool but has been detected in vomitus and mouthwash samples of individuals with 

AGE [39].  Peak viral shedding occurs 2–5 days after infection with nearly 100 billion viral 

copies per gram of feces [40].  Norovirus has been detected in fecal samples for a median 

of 4 weeks and up to 8 weeks after infection [40].  Although there has been documented 

evidence of prolonged viral shedding, it is unclear for how long these viruses are infectious 

after illness.  Moreover, up to 30% of documented norovirus infections were asymptomatic 

and shedding virus at slightly lower titers than symptomatic individuals [40-42]. 

 

Surveillance Systems for Norovirus in the United States 

Surveillance systems are crucial to better understanding the frequency of outbreaks, 

the spread of existing and emerging pathogens, the major modes of transmission, and the 

incidence of disease in the United States.  Two national systems for norovirus outbreak 

surveillance are currently in place through the Centers for Disease Control and Prevention 

(CDC), CaliciNet and the National Outbreak Reporting System (NORS).  CaliciNet was 

launched in 2009 and is utilized by the local, state, and federal health laboratories to 

monitor norovirus strains associated with outbreaks. Information on genetic sequences and 

epidemiology data related to norovirus outbreaks are reported to aid in linking norovirus 

outbreaks to specific strains and monitor for new or emerging strains of norovirus [43].     

NORS was also launched in 2009 to aid in reporting all outbreaks of gastrointestinal illness,  
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including those resulting from foodborne, waterborne, person-to-person, environmental, 

and animal contact transmission [26].  NORS was implemented to improve and expand 

upon already existing waterborne and foodborne surveillance systems for enteric illnesses 

[44].   

NoroSTAT, the Norovirus Sentinel Testing and Tracking network, was 

implemented in August 2012 to improve the efficiency, completeness, and consistency of 

norovirus outbreak reporting.  Through a collaborative network of five state health 

departments (Oregon, Minnesota, Wisconsin, Ohio, and Tennessee) and the CDC, 

norovirus strain data from CaliciNet are rapidly linked with epidemiologic characteristics 

of outbreaks reported through NORS [45].  Data from these systems may help improve the 

attribution of norovirus disease and can be evaluated to assess the impact of new norovirus 

strains, the frequency of norovirus outbreaks, and the severity of norovirus outbreaks.   

With these surveillance systems, more robust data for norovirus outbreaks 

including strain information and clinical and epidemiologic criteria have been collected for 

all modes of transmission; however, there are still limitations with reported surveillance 

data.  For foodborne outbreaks reported from 2009-2012 through NORS, there was a 100-

fold difference in reporting rates between the highest and lowest reporting states and some 

states did not report any outbreaks.[24]  This drastic variation in reporting reflects the 

sensitivity of outbreak reporting among states rather than the incidence of disease alone.   

Based on the variation in reporting rates among states, it is likely that disease incidence is 

much higher and signifies the continued need for increased capacity in state and local health 

departments to investigate and report outbreaks.  Moreover, the lack of reported 
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comprehensive information on outbreaks including the source of contamination or 

additional contributing factors can limit the understanding and cause of an outbreak [24]. 

 

Outbreak Investigations in the United States 

In the United States, surveillance and outbreak investigations are crucial to guide 

measures for reducing norovirus-related illnesses, such as the promotion of hand hygiene, 

environmental disinfection, and the isolation of infected persons [26, 46].  Due to the highly 

infectious nature of norovirus, it is essential to minimize transmission and limit 

contamination of the environment especially in settings with great opportunities for 

exposures such as restaurants, hospitals, long-term care facilities, universities, or cruise 

ships.  These practices are based on infection-control principles to minimize contact with 

individuals at their peak infectious periods [47]. 

 Surveillance systems are essential to identifying potential outbreaks. Outbreaks are 

defined as two or more persons with similar illness resulting from a common exposure or, 

more broadly, any increase above the baseline of expected disease [48, 49].  Outbreak 

investigations are generally performed to find the source of the pathogen or to eliminate 

the source of infection.  A small proportion of cases is often initially reported in the initial 

stages of outbreak investigations.  Therefore, case definitions are often created to capture 

more persons with illness to understand the size, severity and timing of an outbreak [50].  

Several case definitions may be created for an investigation, such as confirmed, probable, 

or suspect cases.  Data are often collected from cases including descriptive characteristics 

such as age, race/ethnicity, occupation, recent travel, or attendance at an event [48, 49].  

Clinical information are also typically sought, including specific symptoms, timing of 
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illness onset and recovery, and whether or not health care was sought. Based on this 

information, investigators can use data to distinguish the person, place, and time of illness 

to create an epidemic curve  [50].  With an epidemic curve, the outbreak may be classified 

as a point-source outbreak with exposure at one point in time, a common source outbreak 

with continued exposure, or a propagated outbreak with initial exposures and secondary 

exposures [50].  This information can help investigators formulate and test hypotheses on 

the possible sources of infection with the use of distinct clinical and epidemiologic profiles.  

In addition to case data, laboratory samples may be collected for clinical testing [48, 49]. 

 

Challenges with Diagnosing Norovirus 

 Progression of diagnostics for norovirus has improved over the years; however, 

many challenges including cost, time, and necessary equipment are still issues.  Diagnostic 

testing for norovirus with whole stool samples are preferred; although, rectal swabs and 

vomitus can also be used.  Diagnostics for norovirus were initially performed with an 

electron microscope but were highly intensive and not widely available in diagnostic 

laboratories (reviewed in [31]).  Immunochromatographic lateral flow assays for rapid 

diagnostics were created for a panel of various norovirus genotypes with 100% specificity; 

however, sensitivity of the tests were low (35-52%) and required further validation 

(reviewed in [51]).  Additionally, broadly-reactive enzyme immunoassays (EIAs) were 

created but have been shown to have a sensitivity of <70% and a specificity of 90% [52].  

Although the specificity is fairly high, general consensus among the scientific community 

is that that EIAs are only useful for rapid screening of multiple fecal samples collected 

during an outbreak.  However, because of its low sensitivity, results with EIAs should be 
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interpreted with caution from sporadic cases [52].  Additionally, developing broadly 

reactive EIAs for norovirus has been challenging due to the number of antigenically distinct 

norovirus strains and the requirement for high viral load [26].   

Current diagnostic testing is performed with the gold standard RT-qPCR although 

no commercial stand-alone norovirus RT-qPCR assay has been FDA approved, and 

equipment for RT-qPCR is not widespread in clinical settings.  RT-qPCR assays are highly 

sensitive and can provide a quantitative amount of virus present in the sample to determine 

the viral load, have a higher throughput, better adaptability to newer strains of norovirus, 

and shorter turnaround times than  electron microscopy, immunochromatographic lateral 

flow assays, or EIAs (reviewed in [31]).  Although RT-qPCR is a useful assay for detecting 

the presence of norovirus, viral detection does not always correlate with clinical norovirus 

disease.  Norovirus has been detected in individuals for a range of 4–8 weeks after infection 

[40].  Moreover, viral shedding has been documented in symptomatic and asymptomatic 

persons [40-42, 53, 54].  Therefore, positive RT-qPCR results in asymptomatic persons 

with lower viral loads could be challenging to interpret.   

 

Clinical and Epidemiologic Criteria 

 In the absence of diagnostic laboratory testing or inconclusive tests, assessing 

outbreaks by clinical and epidemiological profiles has proven to be effective for foodborne 

AGE outbreaks (reviewed in [55-57]).  Characteristic features of outbreaks with respect to 

incubation periods, duration of symptoms, and the proportion of cases that experience 

certain symptoms like vomiting, diarrhea, or fever are often very specific and be indicative 

of etiology (reviewed in [57]).  Kaplan et al. demonstrated that the lack of diagnostic testing 
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was problematic to attributing AGE outbreaks to norovirus.  Thus, they established a set 

of criteria to distinguish AGE outbreaks attributed to norovirus from those of bacterial 

etiology for all modes of transmission.  Using records of gastroenteritis outbreaks among 

all modes of transmission in the United States from 1976–1980, Kaplan et al. worked to 

provide clinical and epidemiologic characteristics of Norwalk gastroenteritis [58].  The 

criteria characterized by Kaplan et al. have been regarded as the most useful discriminating 

non-laboratory based diagnostic aid in identifying norovirus outbreaks.  The Kaplan 

criteria included: vomiting in ≥ 50% of cases in an outbreak; a mean or median incubation 

period of 24–48 hours; a mean or median duration of illness between 12–60 hours; and no 

bacterial pathogen detected in the stool culture [35].  

Turcios et al. reexamined the Kaplan criteria with foodborne outbreaks reported 

from 1998–2000 through CDC’s Foodborne Outbreak Reporting System.  They scrutinized 

the ability of the criteria to discriminate between outbreaks of norovirus or bacterial 

etiology from other clinical profiles like the fever-to-vomiting ratio and the diarrhea-to-

vomiting ratio, proposed by Hedberg et al. and Dalton et al., respectively [59, 60].  Turcios 

et al. demonstrated that the Kaplan criteria still remain highly specific (99%) and 

moderately sensitive (68%) for norovirus detection in foodborne outbreaks of AGE [56].  

Furthermore, Hedberg et al. demonstrated that the use of clinical and epidemiological 

profiling was effective in identifying the etiology of confirmed foodborne outbreaks and 

54% of confirmed foodborne outbreaks reported to the CDC from 1982–1997 with 

unknown etiology shared norovirus-like clinical profiles [55]. 

 The use of clinical and epidemiological profiling has proven to be an effective 

method of identifying outbreak etiologies and can help guide diagnoses for outbreak 
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investigations and surveillance (reviewed in [55, 57]).  Similar with other uses of 

surveillance data, reporting of clinical and epidemiologic profiles must be systematic and 

complete for use of clinical and epidemiologic profiles.  Additionally, distinguishing 

characteristics of pathogen specific clinical profiles is useful in guiding outbreak 

investigations and prompt implementation of pathogen-specific prevention measures.  

Moreover, identifying likely pathogens by clinical profiling can guide diagnostic testing 

and can aid laboratory diagnostics by indicating the appropriate tests (reviewed in [55]). 

 

Classification and Regression Tree Modeling 

Modeling the clinical and epidemiological criteria of norovirus outbreaks could 

provide additional insights into clinical symptoms and characteristics among reported 

outbreaks in NORS.  The use of classification and regression tree (CART) modeling in 

public health has been established as a useful method to identify mutually exclusive and 

exhaustive groups to identify common characteristics in a population (reviewed in [61-

63]).  CART modeling analysis has demonstrated the finding of optimal clinical predictors 

that successfully estimated the probability of outcomes (reviewed in [61, 62]). CART 

modeling is a nonparametric statistical technique that can be used with both categorical 

and continuous dependent variables to solve classification and regression problems 

(reviewed in [64-66]).  With CART modeling the dependent variable Y is explained by a 

set of independent predictors X where [X=(X1, X2, … Xi)].  CART determines the best 

predictors that subsets the dependent variable into homogenous subsets using a greedy 

algorithm and recursively partitions based on the Gini index, misclassification rate, or 

entropy [64, 65].  Moreover, when predictor values are missing, the CART model 
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inherently chooses surrogate variables that best represent the missing value.  Additionally, 

tree building with CART models strongly parallels stepwise regression where predictors 

are included one at a time in successive order.  However, unlike stepwise regression, CART 

modeling does not order the predictors linearly.  Instead, predictors that best differentiate 

outcomes are represented near the top of the tree model.  CART models can often be 

overfitted to the training data used for modeling, but the tree model can be pruned to reduce 

overfitting [64-66].  With CART modeling, more representative clinical and 

epidemiological characteristics of reported outbreaks in NORS could be identified to 

distinguish norovirus outbreaks from other outbreaks of AGE.  Furthermore, identification 

of better clinical and epidemiologic criteria would improve the identification of norovirus 

attributable AGE outbreaks.     

 

Conclusion 

Worldwide, noroviruses are the leading cause of AGE outbreaks.  In the United 

States, norovirus is the leading cause of foodborne outbreaks and AGE outbreaks with peak 

outbreak activity in the winter months.  CaliciNet and NORS were established in the United 

States to improve surveillance for norovirus by documenting outbreaks and novel strains 

of norovirus.  For norovirus outbreak investigations, laboratory detection of norovirus is 

available with RT-qPCR; however, this diagnostic method may not be commonly available 

or rapid enough for effective implementation of control measures.  In the absence of 

laboratory testing, clinical and epidemiologic profiles have been demonstrated to be useful 

in differentiating etiologic agents in outbreak investigations.  Notably, Kaplan et al. 

characterized clinical and epidemiologic criteria to distinguish norovirus from other agents 
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that cause acute gastroenteritis.  Reevaluation of these criteria by Turcios et al. with 

foodborne outbreaks in the United States demonstrated that these criteria are highly 

specific and moderately sensitive.  With the advent of new surveillance systems and 

collection of data on all modes of transmission, it is necessary to reevaluate the Kaplan 

criteria with more comprehensively reported outbreaks in the United States. 
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Chapter II. Manuscript 

 

Introduction 

 Annually, an estimated 179 million cases of acute gastroenteritis (AGE), defined 

as diarrhea or vomiting, occur in the United States [25].  In the United States, 

gastrointestinal disease of unknown etiology are attributed to an estimated 70,000 

hospitalizations and 1,600 deaths annually [67].  Gastrointestinal diseases can be acquired 

from a range of viruses, bacteria, parasites, toxins, chemicals, or other noninfectious 

agents.  Although there are no specific treatments for viral gastroenteritis, identification of 

the causative agent especially during an outbreak investigation is critical for preventative 

measures to limit the spread of disease.  Moreover, it is important to distinguish between 

viral and bacterial or parasitic etiologies, as there are some specific treatments available 

for infections with bacterial or parasitic agents [68].   

 In 2009, the Centers for Disease Control and Prevention (CDC) launched a new 

national surveillance system, the National Outbreak Reporting System (NORS) that 

improved and expanded upon the two existent food and waterborne disease surveillance 

systems (reviewed in [26, 69]).  NORS allows for local, state, and territorial health 

departments to report on all outbreaks of foodborne and waterborne disease regardless of 

etiology.  Moreover, NORS provides a national surveillance system for all pathways of 

AGE outbreaks in the United States, including those that are spread through direct person-

to-person contact, animal contact, contaminated environments, and other or unknown 

transmission routes.  Detailed information on temporal trends, specific pathogens, and 
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exposure pathways provides a greater understanding of AGE epidemics and can help guide 

appropriate interventions for current and future outbreaks [24].  

 Even though NORS is an effective system for reporting, 51% of outbreaks reported 

through NORS reported outbreaks had no confirmed etiology identified [69].  This can 

most often be attributed to the lack of clinical specimen collection for diagnostic testing.  

Additionally, passive reporting through NORS is also subject to variability between states 

and among outbreaks with different exposures and methods of transmission [69].  Many 

other factors could also influence the absence of identification of outbreak etiology.   

 Although diagnostic testing is an effective method of identifying etiologic agents 

of AGE outbreaks, specimens may not be collected, complete testing may not occur, or 

lack of diagnostic equipment in clinical or local health department laboratories may hinder 

detection of an etiologic agent.  AGE outbreaks often have pathogen-specific clinical 

symptoms and epidemiologic profiles.  Use of these clinical and epidemiologic profiles can 

help in identifying AGE outbreaks of unknown etiology.  Additionally, the use of these 

clinical-epidemiologic profiles can facilitate investigations and expedite implementation 

of control measures. [57]   

 Norovirus is the leading cause of AGE outbreaks in the United States and causes 

an average of 19–21 million total cases each year [13, 69].  Transmission of norovirus can 

occur from person-to-person, through contaminated food or water, or interaction with 

contaminated surfaces (reviewed in [26, 34]).  If specimens are collected during AGE 

outbreaks, the preferred method of norovirus detection is  RT-qPCR, a relatively resource-

intensive laboratory test [31].  Rapid commercial enzyme immunoassays (EIAs) have been 

developed to detect norovirus but have inadequate sensitivity and are not recommended for 
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diagnosis of individual cases [31]. Consequently, single cases of norovirus are often not 

reported and undetected due to the lack of a routine clinical diagnostic assay.  

 In 1982, Kaplan et al. established a set of criteria to distinguish outbreaks caused 

by norovirus from outbreaks caused by bacterial etiologies [58].  The criteria include 

vomiting in ≥50% cases in an outbreak, an average incubation period of 24–48 hours, an 

average duration of illness of 12–60 hours, and the lack of identification of a bacterial 

etiology from stool culture.  These criteria have proven to be an effective profile to 

differentiate acute gastroenteritis outbreaks of Norovirus-like etiology [56].

 Examining Kaplan criteria and other potential clinical and epidemiologic 

characteristics among lab confirmed and suspected norovirus outbreaks in NORS could 

help provide a data-driven profile for use by public health practitioners during outbreak 

investigations.  Determining the frequency with which these Kaplan criteria and other 

characteristics are reported in NORS can also provide insights into the feasibility and utility 

of such profiles.  Furthermore, assessment of other clinical and epidemiologic criteria such 

as the proportion of cases with bloody stools, diarrhea, or fever could provide a better 

profile to distinguish norovirus than Kaplan criteria [70].  

 In the absence of laboratory confirmation, distinguishing an outbreak etiology by 

clinical and epidemiological criteria would be advantageous.  Classification and regression 

tree (CART) models have demonstrated to be a useful statistical method of making 

predictions from surveillance data for public health analyses (reviewed in [62, 63, 66]). 

CART models identify mutually exclusive and exhaustive subgroups by repeated partition 

of the dataset set based on shared characteristics.  Several epidemiologic studies have 

assessed risk factors for morbidity from specific diseases, developed screening and 
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diagnostic tools, and assessed predictors for medical procedures using CART modeling 

(reviewed in [63, 71]).  

 The goals of this study aims (1) to compare clinical and epidemiologic 

characteristics of norovirus to non-viral outbreaks reported through NORS, (2) reevaluate 

the performance of the Kaplan criteria, and (3) utilize CART modeling to identify an 

alternate clinical and epidemiologic profile to better distinguish norovirus from non-viral 

etiology outbreaks.   
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Methods 

Data analysis was performed on all outbreaks reported in the National Outbreak 

Reporting System (NORS) that occurred during 2009–2012 (N=10,023).  Reporting 

information was collected from all 50 U.S. states and the District of Columbia.  Outbreaks 

from all-modes of transmission (foodborne, person-to-person, environmental, animal 

contact, and indeterminate/unknown) excluding waterborne were analyzed.  Finalized 

outbreaks, (i.e., those no longer under investigation) in NORS with date of first illness of 

Jan. 1, 2009 through Dec. 31, 2012 were included.  Information from the “General Section” 

of the NORS form with median incubation period, median duration of illness, and signs or 

symptoms were used in addition to the “Laboratory Section” with information on etiology 

and laboratory confirmation [NORS form in appendices].    This study did not use human 

subjects or identifying information and did not require IRB approval.   

 

Classification of Outbreak Etiology 

 Classification of known etiology in outbreaks reported in NORS was evaluated by 

variables in the etiology portion of the NORS form.  Outbreaks were initially classified by 

the etiologies reported by genus name in the “Laboratory Section” of the NORS form.   If 

one or more etiologies were reported by genus name, then the outbreak etiology was 

“known”.  If no etiology was reported or missing for this variable, then the outbreak 

etiology was “unknown”.   

 Classification of single etiology was also evaluated by the number of etiologies 

reported by genus name.  Outbreaks that reported only one etiology by genus name were 

considered “single etiology” outbreaks.  Etiologies that accounted for ≥ 1% of single 
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etiology outbreaks reported in NORS included: Clostridium spp., Campylobacter spp., 

Escherichia spp., Shigella spp., Salmonella spp., and norovirus.   Single etiology outbreaks 

that accounted for less than 1% of NORS outbreaks were grouped as “other” outbreaks.    

Outbreaks that reported two or more etiologies by genus name were designated as 

“multiple” etiology outbreaks.   

 Classification of laboratory confirmation for NORS reported outbreaks was 

assessed by the “Confirmed outbreak etiology” portion in the “Laboratory Section” in the 

NORS form [see appendices].  If outbreaks provided an etiology by genus name and 

indicated the outbreak reported a confirmed outbreak etiology then the outbreak was 

“laboratory confirmed”.  If outbreaks reported an etiology by genus name but did not report 

a confirmed outbreak etiology, then the outbreak was designated as “suspected” etiology.   

 For analysis of clinical and epidemiologic characteristics, outbreaks were classified 

as laboratory confirmed norovirus, suspected norovirus, confirmed non-viral etiology 

outbreaks, and unknown etiology outbreaks.  Laboratory confirmed norovirus outbreaks 

(N=2,939) were defined as single etiology outbreaks with laboratory confirmation that 

reported norovirus.  Suspected norovirus outbreaks (N=1,321) were defined as single 

etiology outbreaks that reported norovirus but did not have laboratory confirmation.  Non-

viral etiology outbreaks (N=1,544) were defined as single etiology outbreaks with 

laboratory confirmation but excluded any viral etiologies such as: Astrovirus, Hepatitis A 

virus, Other-Virus, Rotavirus, and Sapovirus.  Non-viral etiology outbreaks without a 

laboratory confirmation were excluded from analysis.  Unknown etiology outbreaks were 

defined as outbreaks that reported no etiology.   
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Classification of Clinical and Epidemiologic Characteristics  

Clinical and epidemiologic characteristics reported in the “Signs and Symptoms” 

portion in the “General” section of the NORS form [see appendices] were examined among 

laboratory confirmed norovirus (N=2,939), suspected norovirus (N=1,321),  laboratory 

confirmed non-viral (N=1,573) and unknown etiology (N=3,694) outbreaks.  Various 

characteristics related to AGE were identified including the proportion of cases with 

bloody stools, the proportion of cases with diarrhea, the proportion of cases with fever, the 

proportion of cases with vomiting, the proportion of cases with fever divided by the 

proportion of cases with vomiting (fever-to-vomit ratio), the proportion of cases with 

diarrhea divided by the proportion of cases with vomiting (diarrhea-to-vomiting ratio), the 

median incubation period, and the median duration of illness.  Proportions for symptoms 

were calculated by dividing the number of cases with the symptom by the total number of 

cases for whom the symptom was available.  For analysis, the median incubation period 

and the median duration of illness were converted from days or minutes to hours.  Analysis 

of clinical and epidemiologic characteristics was performed with SAS, version 9.4 (SAS 

Institute Inc., Cary, North Carolina). 

 

Analysis of Outbreak Reporting Misclassification 

 NORS reporting practices were evaluated by examining whether the reported 

responses to “Etiology Known” agreed with the classification of known etiology stated 

earlier in the Classification of Outbreak Etiology section.  Outbreaks that reported yes to 

“Etiology known” and listed one or more etiologies were considered concordant. Similarly, 

outbreaks that reported no or had a missing response to “Etiology known” and listed no 
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etiology were considered concordant  Outbreaks that reported yes to “Etiology known” but 

did not report any etiology by genus name were considered discordant and misclassified.  

Similarly, outbreaks that reported no or missing to “Etiology known” but reported at least 

one genus name were considered discordant and misclassified.   Cohen’s Kappa statistic 

[72] was performed to test agreement between these classifications. 

 

Analyses of Outbreak Characteristics 

Distributions of reported clinical and epidemiologic characteristics were examined 

for confirmed norovirus outbreaks, suspected norovirus, non-viral outbreaks, and unknown 

etiology outbreaks.  Since the distributions for the clinical and epidemiologic 

characteristics were non-parametric, medians and interquartile (IQR) ranges were reported 

and Kruskal-Wallis tests were used to assess differences in distributions [73].  Post-hoc 

analyses with Steel-Dwass all-pairs comparison tests were performed to determine 

individual significance compared to characteristics of confirmed norovirus outbreaks [74]. 

For confirmed norovirus and non-viral outbreaks, the sensitivity, specificity, 

positive predictive value (PPV), and negative predictive value (NPV) were calculated to 

evaluate diagnostic performance of the Kaplan criteria collectively and each of its 

component characteristics individually (i.e., the proportion of cases with vomiting ≥50%, 

the median incubation period was between 24–48 hours, and the median duration of illness 

was between 12–60 hours).  Evaluation of Kaplan et al.’s fourth criterion of a negative 

bacterial culture was excluded from this study to focus solely on clinical and epidemiologic 

criteria.  In addition to the Kaplan criteria, the fever-to-vomiting ratio ≤ 1 and the diarrhea-

to-vomiting ratio < 2.5 proposed by Hedberg et al. and Dalton et al., respectively, to 
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differentiate outbreaks due to enterotoxigenic Escherichia coli from those due to norovirus 

were evaluated [59, 60].  Outbreaks with missing information for each characteristic were 

excluded from analysis.  OpenEpi, version 3.03 (Dean AG, Sullivan KM, Soe MM.), was 

used to calculate the sensitivity, specificity, and positive and negative predictive with their 

respective 95% confidence intervals for each characteristic.  Likelihood ratios were also 

calculated to assess the diagnostic value of each characteristic, where values close to 1 are 

considered less useful [75]. 

 

Classification and Regression Tree Modeling   

An optimal CART profile was created based on confirmed norovirus and non-viral 

outbreaks using the function rpart in R, version 3.1.1 (R Foundation for Statistical 

Computing, Vienna Austria).  Because there were nearly twice as many confirmed 

norovirus outbreaks than confirmed non-viral outbreaks, bias in predictor selection was a 

concern.  In order to reduce bias when creating the CART model, a random sample of 1,000 

confirmed norovirus and 1,000 non-viral outbreaks were used for the model training data 

set.  For each outcome, candidate clinical and epidemiologic characteristics that were 

missing in more than half of the outbreaks were excluded. Clinical and epidemiologic 

characteristics that were included in the training data set and assessed with the CART 

model included: the proportion of cases with bloody stools, the proportion of cases with 

diarrhea, the proportion of cases with fever, the proportion of cases with vomiting, the 

fever-to-vomit ratio, and the diarrhea-to-vomit ratio.  Criteria for the best model selection 

consisted of low cross validation error relative to tree size, Cohen’s kappa statistic, and the 
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likelihood ratio. The cross validation error was minimized by adjusting the cost complexity 

parameter to find the optimal tree size.   

In order to determine how well the CART predictors performed with outbreak 

investigation data, the CART predictors were assessed among laboratory confirmed 

norovirus outbreaks and other non-viral outbreaks that had complete information for all of 

the significant CART model predictors.  Performance of the CART model predictors was 

then evaluated by Cohen’s kappa statistic for agreement.  Additionally, CART model 

predictors were evaluated by sensitivity, specificity, PPV, NPV, and likelihood ratios.  

Suspect norovirus outbreaks and unknown etiology outbreaks were then evaluated with the 

CART predictors to assess the proportion of outbreaks that were likely attributed to 

norovirus based on our clinical and epidemiologic profile. 
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Results 

 

Misclassification of Reported Outbreaks 

To determine the misclassification of reported outbreaks, responses to “Etiology 

known” were compared to our definition of known etiology where one or more etiologies 

were listed by genus [Table 1].  Ninety-five outbreaks reported yes to “Etiology known” 

but did not list any etiology by genus.  Two hundred and seventy-eight outbreaks reported 

no to “Etiology known” but provided one or more suspected etiologies by genus.  Twenty-

one outbreaks reported a missing “Etiology known” but listed 1 suspected etiology by 

genus.  Overall, for outbreaks reported in NORS from 2009–2012, 3.9% (N=394) 

outbreaks were discordant and considered misclassified.   

 Agreement of NORS reported “Etiology known” to our definition of known 

etiology was assessed by Cohen’s kappa statistic [Figure 1].  Of the 6,124 outbreaks that 

reported yes to “Etiology known”, 6,029 were designated correctly as known etiology 

based on the number of etiologies provided.  Similarly, of the 3,899 outbreaks that reported 

no or missing “Etiology known”, 3,600 outbreaks were concordant with our definition of 

unknown etiology.  Two hundred and ninety-nine outbreaks reported no or did not report 

“Etiology known” when etiologies were listed which could possibly reflect the 

misinterpretation of known etiology.  Although some misreporting occurred, the overall 

agreement with Cohen’s kappa was 0.92 (95% CI: 0.91-0.92) depicting a high level of 

agreement in reporting practices and generally appropriate interpretation of known and 

unknown etiologies.   
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In order to further assess misclassification of reporting by etiology (including both 

suspected and confirmed), responses to “Etiology known” were compared to reported 

etiologies by genus name [Table 2].  Laboratory confirmed and suspected norovirus 

outbreaks were the most misclassified outbreaks reported in NORS (N=218), although 

norovirus outbreaks were also the most frequently reported outbreaks in NORS (N=4,260, 

42.5%). The highest rate of misclassification was seen with Clostridium spp, for which 19 

(14%) of 133 outbreaks were misclassified.  Escherichia spp. confirmed and suspected 

outbreaks were the least misclassified etiology (N=3).   

 

Clinical and Epidemiologic Characteristics 

Distributions of eight clinical and epidemiological characteristics used to 

distinguish norovirus outbreaks were assessed to determine the frequency of characteristics 

reported through NORS and how well each characteristic discerned from confirmed 

norovirus [Table 3].   Overall, the median incubation period was the least frequently 

reported characteristic for laboratory confirmed norovirus, suspected norovirus, laboratory 

confirmed non-viral, and unknown etiology outbreaks where a range of 2.2% to 5.4% of 

outbreaks reported that information.  Among laboratory confirmed norovirus outbreaks, 

the proportion of cases with bloody stools was the second least reported characteristic 

(25.8%) followed by the fever-to-vomiting ratio (51.2%).  However, for non-viral 

outbreaks, the proportion with bloody stools was reported in over half of the outbreaks 

(53.6%).  There were no significant differences between suspected norovirus and 

confirmed norovirus outbreaks among any of the characteristics assessed, except for the 

fever-to-vomiting ratio.  In contrast, non-viral outbreaks had different characteristic 
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distributions for all characteristics compared to laboratory confirmed norovirus (p-value < 

0.0001).  For unknown etiology outbreaks, the distributions for median incubation period, 

the median duration of illness, the proportion of cases with diarrhea, and the proportion of 

cases with fever were significantly different than distributions of laboratory confirmed 

norovirus outbreaks (p-value < 0.01).  Conversely, the distributions for the proportion of 

cases with bloody stools, the proportion of cases with vomiting, the fever-to-vomiting ratio, 

and the diarrhea-to-vomiting ratio were not significantly distinguishable between unknown 

etiology outbreaks and laboratory confirmed norovirus outbreaks (p-value ≥ 0.05).  

Overall, suspected norovirus outbreaks shared clinical and epidemiologic characteristic 

distributions similar to those of laboratory confirmed norovirus except for the fever-to-

vomiting ratio, whereas other non-viral outbreaks were statistically different from 

laboratory confirmed norovirus outbreaks; half of the characteristics for unknown etiology 

outbreaks looked similar to laboratory confirmed norovirus.   

 

Clinical and Epidemiologic Profiles 

To determine how well the Kaplan criteria, individual characteristics of the Kaplan 

criteria, fever-to-vomiting ratio, and diarrhea-to-vomiting ratio discriminate between 

confirmed norovirus and non-viral outbreaks, indices for the number of outbreaks with 

complete information for the criteria, the likelihood ratio, sensitivity, specificity, positive 

predictive value, negative predictive value, and were assessed [Table 4].  With NORS data, 

the Kaplan criteria were the most specific index with 100% specificity (95% CI: 83.2%-

100%) but only a 63.9% sensitivity (95% CI: 54.5%-72.3%); a likelihood ratio was 

undefined due to the 100% specificity.  Moreover, only 108 (3.7%) confirmed norovirus 
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outbreaks and 19 (1.2%) non-viral outbreaks had complete information for the Kaplan 

criteria.  Among the individual components of the Kaplan criteria, the median duration of 

illness performed well with high likelihood ratio of 12.9, 79.6% sensitivity (95% CI: 

77.2%-81.8%), and 93.8% specificity (95% CI: 89.3%-96.5%).  Additionally, 1,192 

(40.6%) laboratory confirmed norovirus outbreaks reported information for the duration of 

illness, but only 178 (11.3%) of non-viral outbreaks reported information for the duration 

of illness.  The fever-to-vomiting ratio had a high sensitivity (97.8%, 95% CI: 96.9%-

98.4%), a likelihood ratio of 2.3, and were reported in approximately 50% for both 

norovirus and non-viral outbreaks. 

 

Classification and Regression Tree Modeling 

Clinical and epidemiologic characteristics were evaluated among laboratory 

confirmed norovirus and laboratory confirmed non-viral outbreaks with classification and 

regression tree modeling to examine alternate characteristics and cut-points with NORS 

reported outbreaks.  Various models were evaluated with the Cohen’s kappa statistic and 

the likelihood ratio [see appendices].  The best model, selected based on the highest 

likelihood ratio of 12.5, evaluated the following predictors: the proportion of cases with 

bloody stools, the proportion of cases with diarrhea, the proportion of cases with fever, the 

proportion of cases with vomiting, the duration of illness, the fever-to-vomiting ratio, and 

the diarrhea-to-vomiting ratio.  Through CART modeling, three significant predictors were 

selected with a cost complexity parameter of 0.02 that best distinguished norovirus from 

non-viral outbreaks [Figure 2].  The three predictors included fever-to-vomit ratio < 1, 
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proportion of cases with vomiting ≥ 0.34, and proportion of cases with bloody stools < 

0.12. 

 

Performance of Kaplan Criteria and CART Predictors   

Among laboratory confirmed norovirus and laboratory confirmed non-viral 

outbreaks, the CART predictors performed better than the Kaplan criteria based on the 

Cohen’s kappa statistic and the proportion of outbreaks with complete information for all 

criteria.  The CART predictors had a high Cohen’s kappa statistic (0.78, 95% CI: 0.75-

0.81) demonstrating substantial agreement of laboratory confirmed norovirus and non-viral 

outbreaks with outbreaks that fit the criteria.  Moreover, 706 (24.9%) laboratory confirmed 

norovirus outbreaks and 604 (39.1%) laboratory confirmed non-viral outbreaks had 

complete information for the criteria.  The CART predictors were also effective in 

identifying norovirus outbreaks with an 86.0% sensitivity (95% CI: 83.2%-88.3%), a 

93.1% specificity (95% CI: 90.7%-94.8%), and a likelihood ratio of 12.5.   In comparison, 

the Kaplan criteria had only fair agreement with the Cohen’s kappa statistic (0.34, 95% CI: 

0.22-0.48).  Furthermore, only 108 (3.7%) laboratory confirmed norovirus outbreaks and 

19 (1.2%) laboratory confirmed non-viral outbreaks reported information for all of the 

Kaplan criteria.   

The Kaplan criteria and CART predictors were also evaluated with suspected 

norovirus and unknown etiology outbreaks to determine the proportion of outbreaks that 

each would attribute to norovirus.  Among suspected norovirus outbreaks, 324 (24.5%) had 

complete information for the CART predictors compared to the 24 (2.2%) with complete 

information for the Kaplan criteria.  Among outbreaks of unknown etiology, 762 (20.6%) 
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had complete information for the CART predictors compared to 121 (3.3%) that had 

complete information for the Kaplan criteria.  Additionally, application of the CART 

profile to suspected norovirus outbreaks determined that 262 (80.9%) outbreaks fit the 

criteria, which was similar to the proportion of laboratory confirmed norovirus outbreaks 

that fit the criteria (86.0%).  Among unknown etiology outbreaks, 516 (67.7%) fit the 

criteria for the suggested CART predictors for norovirus.   
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Discussion 

When evaluating clinical and epidemiologic profiles of AGE outbreaks reported in 

NORS, we found that the Kaplan criteria performed well with 100% specificity in 

distinguishing laboratory confirmed norovirus from laboratory confirmed non-viral 

outbreaks, but could not be applied to a majority outbreaks due to a lack of reported data.  

Moreover, the CART predictors performed better with Cohen’s kappa statistic than the 

Kaplan criteria in distinguishing norovirus outbreaks from non-viral outbreaks and were 

reported in a greater number of outbreaks.  Lastly, application of the CART predictors to 

unknown etiology outbreaks reported in NORS suggested the majority of those may in fact 

be attributable to norovirus.  These findings suggest an alternative set of clinical and 

epidemiologic criteria to the Kaplan criteria that can be used to distinguish norovirus from 

other non-viral outbreaks based on frequently reported clinical and epidemiologic 

characteristics. 

Among outbreaks reported in NORS, the Kaplan criteria were highly specific 

(100%), moderately sensitive (63.9%), but rarely reported (<5%).  These findings were 

consistent with those from a similar evaluation by Turcios et al., in which they found the 

Kaplan criteria were highly specific (98.6%) and moderately sensitive (68.2%) [56].  High 

specificity of the criteria could be attributed to the combination of the criteria with specific 

cut-off values that must be met including: the incubation period from 24-48 hours, the 

duration of illness 12-60 hours, and the proportion of cases with vomiting ≥ 50% [58].  

However, these criteria may be too specific for public health practice and may not always 

be available during outbreak investigations.  Accurate exposure information can be 

difficult to determine for viral gastroenteritis where incubation periods are often short, 
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making it difficult to distinguish between primary and secondary cases in an outbreak [76].  

In addition to the criteria being only moderately sensitive, only 2.9% (N=276) of the 

outbreaks evaluated (N=9484) had information reported for all of the Kaplan criteria.  

When evaluating the Kaplan criteria, the high specificity of the criteria were useful in 

distinguishing norovirus from other non-viral outbreaks but lack of information for each 

criterion limited their use to a small percentage of outbreaks with complete information for 

all criteria.   

The CART predictors, including the fever-to-vomit ratio <1, the proportion of cases 

with vomiting ≥0.34, and the proportion of cases with bloody stools <0.12, performed 

better statistically in distinguishing laboratory confirmed norovirus outbreaks from non-

viral outbreaks than the Kaplan criteria among NORS reported outbreaks.  The CART 

predictors had higher sensitivity in detecting norovirus outbreaks (86.0%) and still 

relatively high specificity (93.1%) in distinguishing laboratory confirmed norovirus 

outbreaks from laboratory confirmed non-viral outbreaks.  Improved sensitivity of 

norovirus detection could be attributed to the CART predictor’s lower cut-off value of 0.34 

for the proportion of cases with vomiting in an outbreak.  This cut-off was lower than 

Kaplan’s proposed 50% or more cases with vomiting [35], which may be the result of the 

criterion being used in conjunction with the fever-to-vomiting ratio < 1.  Additionally, 

compared to the Kaplan criteria, CART predictors were reported in over eight times as 

many outbreaks.  The increased reporting of CART predictors is at least partly due to 

training the CART model with predictors that tended to report information and inclusion 

of only those predictors that had less than 50% missing values.  Studies have illustrated 

bias in variable importance measures where potential predictors differ [77, 78].  Therefore, 
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bias was minimized by excluding predictors with ≥ 50% missing and training the model 

with an equal random sample of each outcome.  Overall, the CART predictors were 

effective in distinguishing more laboratory confirmed norovirus outbreaks from laboratory 

confirmed non-viral outbreaks within NORS compared to the Kaplan criteria.  

When applying the CART predictors to outbreaks reported in NORS, 80.9% of 

suspected norovirus and 67.7% of unknown etiology outbreaks would be attributed to 

norovirus.  With NORS, no current estimates are available  for unknown etiology outbreaks 

attributed to norovirus for all modes of transmission [69].  For suspected norovirus 

outbreaks and unknown etiology outbreaks, it is possible that misclassification with the 

predictors could occur for a variety of reasons.  It is likely that a small proportion of 

reported outbreaks could have viral etiologies that exhibit similar clinical and 

epidemiologic characteristics to norovirus, including incubation period, diarrhea, fever, 

and vomiting [76, 79-82].  Viral pathogens are the most common cause of gastroenteritis 

in industrialized countries [83-85], and without diagnostic testing, other viral etiologies 

including sapovirus, rotavirus, astrovirus, or enteric adenovirus may have similar clinical 

and epidemiologic characteristics as norovirus including fever, diarrhea, and vomiting [76, 

79-82].  However, the CART predictors have the potential for some false positives with a 

93.1% specificity and some false negatives among norovirus outbreaks with outlying 

clinical and epidemiologic characteristics given the sensitivity of 86.0%.  This 

misclassification was observed with 14% of laboratory confirmed norovirus outbreaks that 

do not fit the CART predictor criteria.  Lastly, incomplete reporting of clinical and 

epidemiologic criteria among all cases in outbreaks could potentially bias the performance 
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of these predictors if the proportion of cases with symptoms reported does not fully 

represent the total number of cases in an outbreak.   

There were several strengths and limitations to this study.  A major limitation of 

the NORS data set was the lack of complete data reported for clinical and epidemiologic 

characteristics of interest especially for the AGE characteristics evaluated in the study.  

Although outbreaks reported through NORS did not have complete data for these 

characteristics, the CART model was still able to distinguish significant predictors to 

differentiate norovirus from non-viral outbreaks with the use of surrogate variables.  We 

were also unable to directly compare the Kaplan criteria and the CART predictors by 

likelihood ratios due to the 100% specificity of the Kaplan criteria.  However, we were 

able to compare the performance of alternative CART models by Cohen’s Kappa statistic, 

the likelihood ratio, and the proportion of outbreaks with all information to ensure that we 

selected the best model [see appendices].  Lastly, due to the small number of viral outbreaks 

and lack of reported clinical and epidemiologic characteristic information, we were unable 

to differentiate norovirus outbreaks from those of other viral outbreaks and had to exclude 

them from our analysis  

In conclusion, predictors from the CART model were the most effective clinical 

and epidemiologic profile to differentiate a larger proportion of norovirus from non-viral 

outbreaks with NORS reported data from 2009 to 2012.  Although the Kaplan criteria still 

remain highly specific in identifying norovirus etiology among NORS reported outbreaks, 

a majority of the reported outbreaks lacked complete information to make a diagnosis with 

strictly those criteria alone.  In the absence of laboratory testing, clinical and epidemiologic 

criteria have proven to be an effective alternative in ascribing norovirus etiology.  With 
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ongoing improvements in surveillance and increased reporting of outbreaks, these 

alternative criteria can aid in the diagnosis of norovirus in outbreak investigations and lead 

to more targeted implementation of control measures.  
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Tables and Figures 

 

Table 1.  Misclassification of reported outbreaks by "Etiology known" and the 

number of etiologies reported by genus  in NORS 2009-2012 

No. Etiologies 

Reported by 

Genus 

"Etiology known" 
Total No. 

Outbreaks4 Yes1 No2 Missing3 

0 95 (2.6%) 3,413 (92.4%) 187 (5.1%) 3,695 (36.9%) 

1 5,865 (95.2%) 272 (4.4%) 21 (0.3%) 6,158 (61.4%) 

2 147 (96.7%) 5 (3.3%) 0 (0.0%) 152 (1.5%) 

3 12 (92.3%) 1 (7.7%) 0 (0.0%) 13 (0.1%) 

4 2 (100.0%) 0 (0.0%) 0 (0.0%) 2 (0.0%) 

5 3 (100.0%) 0 (0.0%) 0 (0.0%) 3 (0.0%) 

Total5 6,124 (61.1%) 3,691 (36.8%) 208 (2.1%) 10,023 

1Outbreaks reporting "Yes"  to "Etiology Known" with row percent 
2Outbreaks reporting "No"  to "Etiology Known" with row percent 
3Outbreaks with no reported response to "Etiology Known" with row percent  
4Total number of outbreaks reported with column percent 
5Total number of outbreaks reported with row percent 

Blue cells indicate discordant responses to "Etiology known" and the number of etiologies reported by 

genus 
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 Cohen's Kappa  (95% CI) 0.92 (0.91,0.92)  

 

Figure 1. Agreement of outbreaks by known etiology and reported responses to “Etiology 

known” with outbreaks in NORS 2009-2012.  
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Table 2.  Misclassification of reported outbreaks by "Etiology known" by the 

reported etiology in NORS 2009-2012 

 "Etiology known" Total No. 

Outbreaks4 Reported Etiology Yes1 No2 Missing3 

Norovirus 4,042 (94.9%) 203 (4.8%) 15 (0.4%) 4,260 (42.5%) 

Clostridium spp. 114 (85.7%) 19 (14.3%) 0 (0.0%) 133 (1.3%) 

Salmonella spp. 680 (98.7%) 6 (0.9%) 3 (0.4%) 689 (6.9%) 

Campylobacter spp. 171 (97.7%) 4 (2.3%) 0 (0.0%) 175 (1.7%) 

Shigella spp. 226 (97.8%) 5 (2.2%) 0 (0.0%) 231 (2.3%) 

Escherichia spp. 214 (98.6%) 2 (0.9%) 1 (0.5%) 217 (2.2%) 

Other5 418 (92.3%) 33 (7.3%) 2 (0.4%) 453 (4.5%) 

Multiple6 164 (96.5%) 6 (3.5%) 0 (0.0%) 170 (1.7%) 

Unknown 95 (2.6%) 3,413 (92.4%) 187 (5.1%) 3,695 (36.9%) 

Total7 6,124 (61.1%) 3,691 (36.8%) 208 (2.1%) 10,023 
1Outbreaks reporting "Yes"  to "Etiology Known" with row percent 

2Outbreaks reporting "No"  to "Etiology Known" with row percent 

3Outbreaks with no reported response to "Etiology Known" with row percent 

4Total number of outbreaks reported with column percent 

5Multiple indicates outbreaks with more than one etiology 

6Other includes: Astrovirus (N=2), Bacillus spp. (N=38), Brucella spp. (N=1), Ciguatoxin (N=38), 

Cryptosporidium spp. (N=56), Cyclospora spp. (N=4), Enterococcus spp.(N=1), Giardia spp. (N=32), 

Hepatitis (N=10), Histamine (N=8), Listeria spp. (N=18), Mycotoxins (N=10), Other (N=16), Other-

Bacterium (N=12), Other-Chemical (N=20), Other-Virus (N=36), Paralytic shellfish (N=2), Pesticides 

(N=2), Plant/Herbal Toxin (N=1), Rotavirus (N=20), Sapovirus (N=12), Scombroid toxin (N=40), 

Streptococcus spp. (N=1), Trichinella spp. (N=3), Vibrio spp. (N=28), Yersinia spp. (N=5) 

7Total number of outbreaks reported with row percent 

Blue cells indicate discordant responses to "Etiology known" and reported etiology 
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Table 3.  Distribution of acute gastroenteritis (AGE) clinical and epidemiologic characteristics 

among confirmed norovirus, suspected norovirus, confirmed non-viral, and unknown etiology 

outbreaks in NORS 2009-2012 

Characteristic1 

N (%) with 

characteristic Median  IQR (Q1, Q3)2 P-value3 

Median incubation Period (hrs)     

 Confirmed norovirus 156 (5.3%) 30.0 (24.0, 37.0) REF 

 Suspected norovirus 43 (3.3%) 30.0 (24.0-34.0) 0.92 

 Non-viral 33 (2.1%) 60.0 (48.0, 120.0) <.0001 

 Unknown 200 (5.4%) 24.0 (11.3, 34.0) <.0001 

Median duration of illness (hrs)     

 Confirmed norovirus 1,192 (40.6%) 48.0 (24.0, 48.0) REF 

 Suspected norovirus 378 (28.6%) 42.5 (24.0, 48.0) 0.63 

 Non-viral 177 (11.5%) 144.0 (96.0, 204.0) <.0001 

 Unknown 1,184 (32.1%) 36.0 (24.0, 48.0) <.0001 

Proportion of cases with bloody stools    

 Confirmed norovirus 759 (25.8%) 0.0 (0.0, 0.0) REF 

 Suspected norovirus 355 (26.9%) 0.0 (0.0, 0.0) 0.56 

 Non-viral 827 (53.6%) 0.3 (0.04, 0.50) <.0001 

 Unknown 911 (24.7%) 0.0 (0.0, 0.0) 0.29 

Proportion  of cases with diarrhea    

 Confirmed norovirus 2,200 (74.9%) 0.86 (0.75, 0.98) REF 

 Suspected norovirus 944 (71.5%) 0.88 (0.74, 1.00) 0.30 

 Non-viral 1,261 (81.7%) 1.00 (0.99, 1.00) <.0001 

 Unknown 2,506 (67.8%) 0.94 (0.75, 1.00) <.0001 

Proportion cases with fever     

 Confirmed norovirus 1,542 (52.5%) 0.22 (0.08, 0.40) REF 

 Suspected norovirus 686 (51.9%) 0.26 (0.09, 0.45) 0.05 

 Non-viral 1,012 (65.5%) 0.58 (0.33, 0.83) <.0001 

 Unknown 1,473 (39.9%) 0.18 (0.01, 0.43) 0.006 

Proportion of cases with vomiting     

 Confirmed norovirus 2,164 (73.6%) 0.72 (0.58, 0.87) REF 

 Suspected norovirus 919 (69.6%) 0.71 (0.56, 0.89) 0.69 

 Non-viral 1,031 (66.8%) 0.39 (0.22, 0.60) <.0001 

 Unknown 2,369 (64.1%) 0.75 (0.49, 1.00) 0.8 

Fever-to-Vomiting Ratio     

 Confirmed norovirus 1,506 (51.2%) 0.31 (0.12, 0.56) REF 

 Suspected norovirus 665 (50.3%) 0.39 (0.17, 0.64) 0.002 

 Non-viral 795 (51.5%) 1.33 (1.00, 2.00) <.0001 

 Unknown 1,329 (36.0%) 0.33 (0.05, 0.71) 0.84 

Diarrhea-to-Vomiting Ratio     

 Confirmed norovirus 2,139 (72.8%) 1.33 (1.00, 1.44) REF 

 Suspected Norovirus 908 (68.7%) 1.12 (1.00, 1.50) 0.8 

 Non-viral 899 (58.2%) 2.00 (1.44, 3.40) <.0001 

  Unknown 2,214 (59.9%) 1.00 (1.00, 1.67) 0.88 
1Characteristics examined in laboratory confirmed norovirus outbreaks (N=2,939), suspected norovirus outbreaks 
(N=1,321), laboratory confirmed non-viral outbreaks (N=1,544), and unknown etiology outbreaks (N=3,694)  
2IQR (Q1, Q3) is the interquartile range where Q1 is the 25 percentile and Q2 is the 75 percentile  
3 P-values were obtained by Kruskal-Wallis Tests with post-hoc Steel, Dwass comparisons to laboratory confirmed 
norovirus outbreaks 
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Table 4.  Kaplan criteria and clinical and epidemiologic characteristics used to discriminate between norovirus or non-viral etiology outbreaks with NORS 2009-2012 

Clinical and Epidemiologic 

Characteristics 

Confirmed 

norovirus1 

Confirmed 

non-viral2 

Likelihood 

Ratio 

Sensitivity, % 

(95% CI) 

Specificity, % 

(95% CI) 

Positive 

Predictive Value, 

% (95% CI) 

Negative 

Predictive Value, 

% (95% CI) 

Kaplan et al3        

 No. outbreaks that fit the criteria 69 (63.9%) 0 (0.0%) Undefined 63.9 (54.5-72.3) 100 (83.2-100) 100 (94.7-100) 32.8 (22.1-45.6) 

 

No outbreaks that did not fit the 

criteria 39 (36.1%) 19 (100.0%)      

 Total No. outbreaks with all criteria 108 (3.7%) 19 (1.2%)      

Median Duration of Illness (hrs)       

 12-60 hrs 949 (79.6%) 11 (6.2%) 12.9 79.6 (77.2-81.8) 93.8 (89.3-96.5) 98.9 (98.0 -99.4) 40.7 (36.1-45.6) 

 not 12-60 hrs 243 (20.4%) 167 (93.8%)      

 Total No. outbreaks with all criteria 1,192 (40.6%) 178 (11.3%)      

Proportion with Vomiting       

 ≥ 50 % 1,857 (85.8%) 438 (41.7%) 2.1 85.8 (84.3-87.2) 58.5 (55.5-61.4) 80.9 (79.3-82.5) 66.8 (63.7-69.7) 

 < 50 % 307 (14.2%) 612 (58.3%)      

 Total No. outbreaks with all criteria 2,164 (73.6%) 1,050 (66.8%)      

Median Incubation Period (hrs)       

 24-48 hrs 117 (75.0%) 14 (41.2%) 1.8 75.0 (67.7-81.1) 58.8 (42.2-73.6) 89.3 (82.9-93.5) 33.9 (23.1-46.6) 

 not 24-48 hr 39 (25.0%) 20 (58.8%)      

 Total No. outbreaks with all criteria 156 (5.3%) 34 (2.2%)      

Fever-to-Vomiting Ratio       

 ≤ 1 1,451 (97.8%) 343 (42.8%) 2.3 97.8 (96.9-98.4) 57.2 (53.7-60.6) 80.9 (79.0-82.6) 93.3 (90.7-95.2) 

 > 1 33 (2.2%) 458 (57.2%)      

 Total No. outbreaks with all criteria 1,484 (50.5%) 801 (50.9%)      

Diarrhea-to-Vomiting Ratio       

 < 2.5 2,050 (95.8%) 558 (61.3%) 1.6 95.8 (94.9-96.6) 36.7 (35.6-41.9) 78.6 (77.0-80.1) 79.8 (75.8-83.3) 

 ≥ 2.5 89 (4.2%) 352 (38.7%)      

 Total No. outbreaks with all criteria 2,139 (72.8%) 910 (57.9%)      
1Laboratory confirmed norovirus outbreaks (N=2,939)  
2Laboratory confirmed non-viral outbreaks (N=1,573) 
3Kaplan criteria includes vomiting ≥  0.5 affected persons, median incubation period of 24-48 hours, and median duration of illness of 12-60 hours 
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Figure 2. Classification and regression tree (CART) model of significant clinical and epidemiologic predictors for 

distinguishing confirmed norovirus outbreaks from confirmed non-viral etiology outbreaks with NORS 2009-2012.  

Each rectangular partition represents a node in the classification and regression tree.  Within each node, the most 

frequent outcome is displayed first, followed by the number of outbreaks in each outcome (norovirus & non-viral), 

and the percentage of the most frequent outcome of the node.  Text in bold represents significant clinical and 

epidemiologic predictors selected by the model, and its significant cut-off value.  “Fever_to_vomit” represents the 

proportion of cases with fever divided by the proportion of cases with vomiting (fever-to-vomit ratio).  “P_vomit” 

represents the proportion of cases with vomiting.  “P_bloodystool” represents the proportion of cases with bloody 

stool. In the terminal nodes of the tree, outcomes represent the relative frequencies of yes and no answers to the 

predictors. 
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Table 5.  Kaplan criteria and classification and regression tree (CART) predictors performance with NORS reported outbreaks 2009-2012  

Clinical and 

Epidemiologic Profiles 

Confirmed 

Norovirus1 

Suspected 

Norovirus 2 

Confirmed 

non-viral3 Unknown4 

Cohen's Kappa 

(95% CI)† 

Likelihood 

Ratio† 

Sensitivity, % 

(95% CI) † 

Specificity, % 

(95% CI) † 

Positive 

Predictive Value, 

% (95% CI) † 

Negative 

Predictive Value, 

% (95% CI)† 

Kaplan et al5           

 

No. outbreaks that 

fit the criteria 69 (63.9%) 12 (41.4%) 0 (0.0%) 35 (28.9%) 0.34 (0.22-0.48) Undefined 63.9 (54.5-72.3) 100 (83.2-100) 100 (94.7-100) 32.8 (22.1-45.6) 

 

No outbreaks that 

did not fit the 

criteria 39 (36.1%) 17 (58.6%) 19 (100.0%) 86 (71.1%)       

 

Total No. outbreaks 

with all criteria 108 (3.7%) 29 (2.2%) 19 (1.2%) 121 (3.3%)       

CART predictors6            

 

No. outbreaks that 

fit the criteria 607 (86.0%) 262 (80.9%) 42 (7.0%) 

515 

(67.7%) 0.78 (0.75-0.81) 12.5 86.0 (83.2-88.3) 93.1 (90.7-94.8) 93.5 (91.4-95.2) 85.0 (82.1-87.5) 

 

No outbreaks that 

did not fit the 

criteria 99 (14.0%) 62 (19.1%) 562 (93.0%) 

246 

(32.3%)       

  

Total No. outbreaks 

with all criteria 706 (24.0%) 324 (24.5%) 604 (39.1%) 

761 

(20.6%)             

1Laboratory confirmed norovirus outbreaks (N=2,939)  

2Suspected Norovirus outbreaks (N=1,321) 

3Laboratory confirmed non-viral outbreaks (N=1,573) 

4Unknown etiology outbreaks (N=3,694) 

5Kaplan criteria includes vomiting ≥  0.5 affected persons, median incubation period of 24-48 hours, and median duration of illness of 12-60 hours 

6Classification and Regression Tree (CART) predictors include: fever-to-vomiting < 1,  proportion of vomiting ≥ 0.34, and the proportion of bloody stools < 0.12 

†Values determined by comparing confirmed norovirus with confirmed non-viral outbreaks 
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Chapter III. Public Health Implications 

Public Health Implications 

 Application of the predictors from our CART model could help distinguish norovirus 

outbreaks in the absence of laboratory testing.   

 The Kaplan criteria are still highly specific for diagnosing norovirus outbreaks; 

however, the lack of information on incubation period and duration of illness limit 

their use for outbreaks reported through NORS.   

 Awareness of the poorly reported characteristics could influence outbreak 

investigators to collect more information on these characteristics and improve 

reporting to aid in better diagnosis.   

 For common-source or propagated outbreaks where the incubation periods cannot be 

assessed, the CART predictors could be better suited for identifying a likely norovirus 

etiology.   

 Based on outbreaks reported through NORS, proportions of cases with fever and 

vomiting are often reported and can be used more often in outbreak investigations than 

other potential criteria.  

  The use of the CART predictors in addition to the Kaplan criteria could aid in 

identifying likely norovirus etiology in the absence of laboratory diagnostics.   

 With improved identification of norovirus in an outbreak setting, prompt and targeted 

public health action can be implemented to prevent and control propagation of the 

disease in an outbreak.   
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 Better clinical and epidemiologic criteria could also improve reporting and 

surveillance of norovirus outbreaks and aid in determining a more accurate proportion 

of reported outbreaks attributable to norovirus in the United States.  
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A. NORS form 
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Figure A.  The National Outbreak Reporting System (NORS) form for foodborne, animal 

contact, person-to-person, environmental, or other transmission is shown.  This form 

allows local and state health departments to report outbreaks to the Centers for Disease 

Control and Prevention for surveillance measures. 

 



54 

 

 

Alternative Classification and Regression Tree (CART) Models  

      Outbreaks with all information   

CART Models Predictors Included Significant Predictors CP Cohen's Kappa 

Likelihood 

Ratio 

Confirmed 

Norovirus Other non-viral Sensitivity Specificity 

Model 1 p_bloodystool fever_to_vomit < 1 0.01 0.77 (0.73-0.80) 9.2 612 57 86.9 (84.0-89.0) 90.6 (88.0-92.6) 

 P_diarrhea p_bloodystool < 0.099   94 547   

 p_fever p_vomit ≥ 0.098   24.0% 39.1%   

 fever_to_vomit        

 diarrhea_to_vomit        

Model 2 p_bloodystool fever_to_vomit < 1 0.02 0.77 (0.73-0.80) 9.2 612 57 86.9 (84.0-89.0) 90.6 (88.0-92.6) 

 P_diarrhea p_bloodystool < 0.099   94 547   

 p_fever p_vomit ≥ 0.098   24.0% 39.1%   

 fever_to_vomit        

 diarrhea_to_vomit        

 dur_hr         

Model 3 p_bloodystool fever_to_vomit < 1 0.01 0.86 (.80-0.92) 11.6 253 8 95.5 (92.3-97.4) 91.8 (84.6-95.8) 

 P_diarrhea p_bloodystool < 0.099   12 89   

 p_fever p_vomit ≥ 0.098   9.0% 6.3%   

 fever_to_vomit        

 diarrhea_to_vomit fever_to_vomit > 1       

 dur_hr dur_hr < 76        

  p_bloodystool < 0.031       

  p_vomit ≥ 0.25       

Model 4 p_bloodystool fever_to_vomit < 1 0.02 0.78 0(.75-0.81) 12.5 607 42 86.0 (83.2-88.3) 93.1 (90.7-94.8) 

(random sample 1000) P_diarrhea p_vomit ≥ 0.34   99 562   

 p_fever p_bloodystool < 0.12   24.0% 39.1%   

 fever_to_vomit         

 diarrhea_to_vomit        

 dur_hr         

 (same if excluded dur_hr)        

Model 5 p_bloodystool fever_to_vomit < 1 0.01 0.77 (0.70-0.85) 6.5 246 14 92.8 (89.1-95.4) 85.7 (77.2-91.2) 

(random sample 1000) P_diarrhea p_vomit ≥ 0.34   19 83   

 p_fever p_bloodystool < 0.12   9.0% 6.3%   

 fever_to_vomit        

 diarrhea_to_vomit fever_to_vomit ≥ 1       

 dur_hr dur_hr < 78        

B.  Alternative CART models 
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Figure B.  Alternative classification and regression tree (CART) models created with different 

predictors and cost complexity parameters.  Classification and regression tree (CART) model 

of significant clinical and epidemiologic predictors for distinguishing confirmed norovirus 

outbreaks from confirmed non-viral etiology outbreaks with NORS 2009-2012.  Each 

rectangular partition represents a node in the classification and regression tree.  Within each 

node, the most frequent outcome is displayed first, followed by the number of outbreaks in 

each outcome (norovirus & non-viral), and the percentage of the most frequent outcome of the 

node.  Text in bold represents significant clinical and epidemiologic predictors selected by the 

model, and its significant cut-off value.  “Fever_to_vomit” represents the proportion of cases 

with fever divided by the proportion of cases with vomiting (fever-to-vomit ratio).  “P_vomit” 

represents the proportion of cases with vomiting.  “P_bloodystool” represents the proportion 

of cases with bloody stool. “Dur_hr” represents the duration of illness reported. In the terminal 

nodes of the tree, outcomes represent the relative frequencies of yes and no answers to the 

predictors. 


