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Worldwide, noroviruses are a leading cause of gastroenteri-
tis. They can be transmitted from person to person directly 
or indirectly through contaminated food, water, or environ-
ments. To estimate the proportion of foodborne infections 
caused by noroviruses on a global scale, we used noro-
virus transmission and genotyping information from mul-
tiple international outbreak surveillance systems (Noronet, 
CaliciNet, EpiSurv) and from a systematic review of peer-
reviewed literature. The proportion of outbreaks caused 
by food was determined by genotype and/or genogroup. 
Analysis resulted in the following final global profiles: food-
borne transmission is attributed to 10% (range 9%–11%) of 
all genotype GII.4 outbreaks, 27% (25%–30%) of outbreaks 
caused by all other single genotypes, and 37% (24%–52%) 
of outbreaks caused by mixtures of GII.4 and other norovi-
ruses. When these profiles are applied to global outbreak 
surveillance data, results indicate that ≈14% of all norovirus 
outbreaks are attributed to food.

Noroviruses are a leading cause of gastroenteritis 
worldwide. They belong to the family Caliciviri-

dae and consist of an ≈7.5-kb genome in 3 open reading 
frames (ORFs). The first ORF (ORF1) encodes a polypep-
tide; ORF2 encodes the viral capsid protein (VP1); and 
ORF3 encodes a minor structural protein (VP2). Norovi-
ruses are classified into at least 6 genogroups, GI–GVI (1). 
According to a recent unified proposal for nomenclature, 
genogroups are further subdivided into at least 38 genetic 
clusters (genotypes) (2). Noroviruses are environmentally 
stable (3) and can be transmitted by different routes (e.g., 
foodborne, personborne, waterborne, and environmental). 
Determining the transmission route during an outbreak 

investigation is complicated because transmission can oc-
cur by multiple routes in a single outbreak. After primary 
introduction of the virus through food, secondary person-
to-person and environmental transmission can rapidly take 
over, making it hard to trace the disease back to contami-
nated food. Another complexity is that foodborne transmis-
sion can follow different routes as well; food can be con-
taminated during production (4) or during handling by an 
infected food handler (5).

Different exposure attribution methods (i.e., epide-
miologic investigations, microbiological typing/subtyp-
ing, intervention studies, and expert elicitations) have been 
used to estimate the foodborne proportion of the overall 
disease incidence caused by a pathogen. Each approach has 
its advantages and disadvantages, and therefore the use of 
multiple methods has been recommended (6). Information 
about pathogen strain or subtypes may be of value for at-
tribution but is dependent on substantial amounts of con-
textual data. For example, a method commonly used to at-
tribute Salmonella spp. infections to a specific source uses 
strain collections representative of the pathogen in each of 
these sources (7).

For noroviruses, genogroup-specific differences have 
been reported with regard to environmental persistence 
(8), sensitivity to removal (9), and binding to receptors 
(10). These biological differences may underpin strain-
specific epidemiologic patterns, suggesting a potentially 
useful approach for norovirus attribution. Such an ap-
proach was recently developed in a norovirus attribution 
study, which showed that the proportion of foodborne and 
person-to-person outbreaks differed between genotypes; 
the GI genotypes were more likely to be foodborne, and 
the II.4 genotype was more likely to be personborne (11). 
These findings indicate that genotype profiles may help 
distinguish which outbreaks are more likely to be food-
borne than personborne. Also, a recent study on norovi-
rus outbreaks in the United States showed that GI.3, GI.6, 
GI.7, GII.3, GII.6, and GII.12 were the norovirus geno-
types most often associated with foodborne outbreaks and 
that, of the outbreaks with a known transmission route, 
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16% were foodborne (12). Norovirus infections, however, 
are a global problem, and efforts are under way to estimate 
the global social and economic costs of foodborne noro-
virus illness (13,14). To estimate the proportion of out-
breaks attributed to foodborne transmission from a global 
perspective, we used aggregated norovirus outbreak data 
and genotyping information from different outbreak sur-
veillance systems and from peer-reviewed literature. 

Methods
Data from 4 sources were available for comparison: 3 
laboratory-based norovirus outbreak surveillance network 
databases and 1 systematic review of norovirus outbreaks 
in the peer-reviewed published literature. Laboratory sur-
veillance networks aim to link norovirus outbreaks that 
may be caused by common sources (such as food), monitor 
genotype trends, and identify emerging norovirus strains. 
Relevant data from these networks included transmission 
route(s) and norovirus genotyping performed by sequence 
analysis of the polymerase (ORF-1) and capsid (VP1/ORF-
2) regions of the norovirus genome. Polymerase and cap-
sid sequences were not available for all samples, requiring 
separate analyses.

Databases

Foodborne Viruses in Europe Network/Noronet
The Foodborne Viruses in Europe (FBVE) network was 
started in 1999 as a European Union–funded combined labo-
ratory and epidemiological network of 13 European coun-
tries sharing norovirus outbreak data (15). Since 1999, the 
FBVE network has maintained a joint database in which 
members have shared their data. In 2009, Noronet was start-
ed as a continuation of the FBVE network (13). Noronet is 
an informal network of scientists working in public health 
institutes or universities that share virologic, epidemiologic, 
and molecular data on norovirus. The network now includes 
laboratories in countries outside Europe. Although all labo-
ratories use PCR-based methods for norovirus detection, the 
detected parts of the norovirus genome may differ between 
laboratories; consequently, genotyping is not necessarily 
based on the same part of the genome. Sequence data shared 
in the FBVE/Noronet database include regions A and B 
(polymerase) and/or regions C and D (capsid) of the genome 
(15). Data from 5,583 outbreaks that occurred from January 
1999 through December 2012 are included in the analyses.

CaliciNet
The US Centers for Disease Control and Prevention devel-
oped CaliciNet in 2009 (16). CaliciNet is a national noro-
virus outbreak surveillance network of public health and 
food regulatory laboratories that submit epidemiologic in-
formation and PCR-based norovirus detection and typing 

information, including regions C and D (capsid) sequences 
of the genome, to a national database by using standardized 
protocols (12,16). As of November 2013, participants from 
32 public health laboratories in 28 states have been certi-
fied to participate in CaliciNet. Data from 3,094 outbreaks 
reported from September 2009 through December 2012 are 
used in the analyses.

Institute of Environmental Science and Research–EpiSurv
In New Zealand, gastroenteritis outbreaks are reported by 
public health units that submit epidemiologic information 
to the EpiSurv database, a surveillance system operated by 
the Institute of Environmental Science and Research (ESR) 
for the New Zealand Ministry of Health. As part of the New 
Zealand norovirus surveillance, the ESR Norovirus Refer-
ence Laboratory conducts norovirus detection testing by 
using PCR-based methods (17) followed by genotyping of 
at least 1 case per outbreak. Sequence data are obtained 
from region B and/or region C of the genome (18). Com-
bined data from the ESR Norovirus Reference Laboratory 
and EpiSurv are summarized in annual outbreak reports 
(https://surv.esr.cri.nz/surveillance/annual outbreak). Data 
from 819 outbreaks reported from January 2008 through 
December 2012 are included in the analyses.

Systematic Literature Review
In 2012, Matthews et al. (19) published results of a system-
atic review of all norovirus outbreaks reported in the sci-
entific literature from 1993 through 2011. We updated this 
systematic review to include norovirus outbreaks published 
in 2012 (online Technical Appendix, http://wwwnc.cdc.gov/
EID/article/21/4/14-1073-Techapp1.pdf). During Septem-
ber 2012, we searched the literature in the EMBASE, Med-
line, Web of Science, and Global Health databases for the 
term “norovirus” and related terms (19). Two independent 
reviewers screened titles and abstracts for relevance. We in-
cluded articles published in 2012 that fit the following crite-
ria designated by Matthews et al.: 1) full article, 2) published 
in English, 3) describes human norovirus outbreaks, 4) used 
PCR-based diagnostics for at least 1 case per outbreak (19). 
We excluded articles describing sporadic norovirus cases 
and articles describing outbreaks among immunocompro-
mised patients (e.g., transplant recipients). Separate out-
break-level data were extracted from articles reporting mul-
tiple outbreaks, but the articles’ citations were not referenced 
for outbreak reports. Genogroup and genotype information 
(and if available, the PCR target region) was extracted.

Definitions

Transmission Routes
To determine the proportion of outbreaks that were caused 
by foodborne transmission of the virus (hereafter called the 
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foodborne proportion) we accepted the route(s) assigned in 
the various databases to each outbreak, based on previous 
investigation of the FBVE database (11) and based on the 
local public health investigation and with the assistance 
of standardized guidance materials to provide some con-
sistency (http://www.cdc.gov/mmwr/preview/mmwrhtml/
rr6003a1.htm). If the primary or secondary mode of trans-
mission was reported as foodborne, this outbreak was con-
sidered a foodborne outbreak (includes foods contaminated 
during production or during handling). If person-to-person 
transmission was reported to be one of the possible routes, 
the outbreak was considered a person-to-person outbreak. 
We excluded outbreaks for which transmission route was 
listed as environmental or waterborne only (1 for ESR-Epi-
Surv, 0 for CaliciNet, 68 for FBVE/Noronet).

Genotype Profiles
Each of the surveillance databases used genotypes as previ-
ously proposed (2). For the purpose of attribution, the pro-
portion of outbreaks listed as being transmitted by the food-
borne route was calculated for each polymerase genotype 
(P-type) or capsid genotype (C-type) individually. The pro-
portions of all individual genotypes that were transmitted 
by the foodborne route, on the basis of a single data source, 
were termed genotype profiles and were aggregated into 
categories of profiles according to the analyses described 
in the following sections.

Analyses

Comparison of Data to Test Robustness of Genotype Profiles
First, to test whether the genotype profile–based data from 
1999–2012 could be generalized, we analyzed genotype 
data for differences in time (i.e., yearly). This analysis for 
robustness over time was performed for the FBVE/Noronet 
database only. Second, to test whether the genotype profiles 
based on these 2 genomic regions (P-type and C-type) for 
typing could be combined, we analyzed genotypes based 
on polymerase sequences if they matched with genotype 
profiles based on capsid sequences. Because the FBVE and 
ESR-EpiSurv data had capsid and polymerase sequences 
available, the comparison was performed for these data-
sets. Third, we tested whether the analysis by individual 
genotypes could be aggregated into larger categories on the 
basis of how well their foodborne proportions correspond-
ed. For this purpose, the profile of each individual genotype 
was compared with a profile consisting of sequences that 
belonged to 1 of 4 categories (genogroup aggregation): GI, 
GII genotype 4 (GII.4), GII but not GII.4 (GIInon4), and 
mixed (genotypes belonging to multiple genogroups). Cat-
egories were further aggregated into larger categories if the 
aggregation did not significantly affect the results. Thus, 
aggregation into categories was performed in the following 

3 steps: 1) if the foodborne proportions of an individual 
genotype did not statistically differ from 1 of the 4 cat-
egories, genotypes were merged into this category; 2) if 
categories did not statistically differ from each other, these 
categories were merged into larger categories; and 3) if 
profiles of different data sources did not statistically differ 
(on the basis of their CIs), these profiles were merged and 
considered as a profile from 1 data source.

Comparison of Worldwide Data and Estimating the 
Foodborne Proportion 
We compared the outcomes after the genotypes were ag-
gregated into the proposed categories of all 4 datasets. We 
used the resulting profiles to estimate the foodborne pro-
portion among outbreaks for which genotype was known 
but transmission mode was not known and thereby to es-
timate the foodborne proportion of norovirus outbreaks in 
different parts of the world.

Statistical Analyses
For each genotype in the surveillance systems, we estimat-
ed the fraction of outbreaks for which origin was known 
to be foodborne or person-to-person on the basis of the 
foodborne proportion of all foodborne plus person-to-per-
son outbreaks for each genotype. We used the estimated 
proportion of foodborne outbreaks of all foodborne plus 
person-to-person outbreaks in each genotype to estimate 
the probability that outbreaks with unknown transmission 
mode were foodborne. We calculated 95% CIs by using the 
Monte Carlo simulation with 10,000 random draws from 
the β distributions, which are the posterior probabilities of 
the proportions (20). If 95% CIs overlapped, the genotypes 
were considered not statistically significantly different and 
genotypes were aggregated into profiles of larger groups. 
Data were analyzed by using SAS version 9.3 (SAS Insti-
tute, Inc., Cary, NC, USA).

Results
The FBVE/Noronet database included 5,583 norovirus 
outbreaks reported from 22 countries during 1999–2012 
(Figures 1, 2). Of these, C-type sequence information was 
available for 4,580 outbreaks, P-type for 2,195 outbreaks, 
and both types for 1,192 outbreaks. The CaliciNet database 
included information about 3,094 outbreaks that occurred 
in the United States during 2009–2012; C-type sequence 
information was available for all outbreaks. The ESR-Epi-
Surv database included 818 outbreaks reported from New 
Zealand during 2008–2012, of which C-type and P-type 
information was available for 813 and 685, respectively. 
Our updated systematic review (online Technical Appen-
dix) provided information on 966 norovirus outbreaks, of 
which genotype and transmission mode information was 
available for 608 (127 C-type, 107 P-type, 374 both) from 
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61 countries during 1983–2010 (Figures 1, 2). Our up-
dated systematic literature search yielded reports of 320 
outbreaks in Japan, 113 in the United States, 500 in other 
countries, and 18 in multiple countries; country informa-
tion was missing for 15 outbreaks.

Robustness of Genotype Profiles
Initial analysis showed substantial differences for the esti-
mated proportion of foodborne outbreaks caused by each 
genotype, depending on the dataset used, the time of report-
ing, and the method of typing, most likely because of low 
numbers of outbreaks for some genotypes (online Tech-
nical Appendix Table). These differences were no longer 
observed when the data were aggregated into 4 categories 
(GI, GII.4, GIInon4, and mixed genotype outbreaks) and 
later into 3 categories (GII.4, all other single genotypes, 
and mixed genotype outbreaks).

With respect to time trend, the comparison of the year-
ly profiles based on FBVE/Noronet data showed variation 
in the proportions of outbreaks with foodborne origin per 
category over time (Figure 3). Because of this finding, to-
gether with the knowledge that norovirus is known for its 
emerging new variants (13), the synchronization of time 
frames of different surveillance databases was considered 
necessary.

Our analyses showed differences in foodborne propor-
tions for outbreaks for which the C-type was determined 
and for outbreaks for which the P-type was determined (on-
line Technical Appendix Table). This difference is possibly 
a surveillance artifact caused by multiple countries contrib-
uting to FBVE/Noronet, because this effect was not seen 
in the ESR-EpiSurv profiles (online Technical Appendix 
Table), in which P and C types were both available for 685 

outbreaks. For this reason the profiles for each genomic re-
gion were kept separately.

With respect to the genotypes versus aggregated cat-
egories, for FBVE/Noronet and ESR-EpiSurv data, ag-
gregation of individual genotypes into the GI and GIInon4 
categories showed that these cannot be statistically distin-
guished but that they differ from the categories of the GII.4 
genotype and mixed outbreaks. GII.4 and mixed outbreaks 
show statistical difference and need to be treated as sepa-
rate categories (online Technical Appendix Table). For 
CaliciNet and the updated systematic review data, results 
were similar to those of FBVE/Noronet and ESR-EpiSurv 
but with one difference (i.e., that mixed outbreaks could 
not be statistically distinguished as a separate group in the 
CaliciNet dataset). On the basis of these results, we used 
the following criteria for subsequent profile comparisons: 
1) assignment into 3 categories (GII.4, all other single gen-
otypes, and mixed genotypes); 2) separate analysis of data 
based on P-type and C-type; and 3) synchronized periods 
for different surveillance systems (2009–2012).

Database Comparisons 
For outbreaks reported during 2009–2012, the P-type pro-
files from the New Zealand surveillance system, the Eu-
ropean surveillance system, and from other countries con-
tributing to Noronet were comparable (Table). Attribution 
profiles from CaliciNet showed similar values for the cat-
egories of GII.4 and nonGII.4 outbreaks but different val-
ues for the group of mixed outbreaks. However, this finding 
was based on 31 (1.0%) of 3,094 outbreaks. Because of this 
low number and the knowledge that how these outbreaks 
are ascertained in the respective surveillance systems might 
differ, we considered aggregation of the mixed outbreaks 

Figure 1. Norovirus data for 
which the genotyped region 
and transmission mode were 
reported in different surveillance 
systems: FBVE/Noronet, 5,583 
outbreaks in 22 countries 
(1999–2012); CaliciNet, 
3,094 outbreaks in 1 country  
(2009–2012); ESR-EpiSurv, 
818 outbreaks in 1 country 
(2008–2012); and systematic 
literature review, 808 outbreaks 
in 61 countries (1993–2011). 
ESR, Institute of Environmental 
Science and Research; FBVE, 
Foodborne Viruses in Europe.
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category of the 3 surveillance databases justified. This con-
sideration is strengthened by the finding that foodborne 
proportions are similar for the other 2, far more common, 
categories (GII.4, GIInon4).

The profiles resulting from the updated systematic 
review differed, but not significantly, probably because 
only 8 outbreaks were selected for the included time span 
of 2009–2012. This finding resulted in no distinguishable 
categories, and therefore this dataset was excluded from 
further calculations. On the basis of this analysis, for food 
attribution purposes, the profiles from the United States, 
New Zealand, Europe, and other countries contributing to 
Noronet can be merged into a global profile (Table).

Foodborne Attribution of Norovirus Outbreaks
Applying the profiles per surveillance database, the pro-
portion of outbreaks attributed to foodborne transmission 
varied slightly (12% for FBVE/Noronet, 13% for ESR-Epi-
Surv, and 16% for CaliciNet), the aggregated global esti-
mate was 13.7%. Overall, 10% (range 9%–11%) of all GII.4 
norovirus outbreaks, 27% (25%–30%) of outbreaks caused 
by all other single genotypes, and 37% (24%–52%) of out-
breaks with mixtures of GII.4 and other genotypes were 
attributed to foodborne transmission. Applying the global 
attribution profile to all outbreaks reported worldwide in 
surveillance systems in 2009–2012, of the outbreaks with 
an unknown mode of transmission, 193 (14.5%) of 1,332 
outbreaks could be attributed to food.

Discussion
This analysis of aggregated surveillance datasets of norovi-
rus outbreaks suggests that genotyping can provide useful 
information for attribution. At 14%, the estimated propor-
tion of outbreaks attributed to foodborne transmission is 

comparable across the 3 independent datasets. We found 
that the proportion of outbreaks caused by foodborne trans-
mission was lower for outbreaks caused by GII.4 norovirus 
than for those associated with all other genotypes (Table). 
This finding is consistent with previous findings (11). GII.4 
viruses are notorious for their potential to spread easily 
from person to person and their rapid evolution (21). GII.4 
viruses are more often described as causing outbreaks in 
(semi-)closed settings (12,18,22–24), implying a higher 
proportion of person-to-person spread as well. Although 
proportionally low, the absolute contribution of GII.4 
foodborne outbreaks to the social and economic costs of 
outbreaks caused by noroviruses is considerable, given the 
numbers of outbreaks caused by this genotype.

Although the calculations for mixed infections were 
based on low numbers, mixed norovirus infections were 
less frequently associated with foodborne outbreaks in the 
United States than in the other countries for which data 
were available. Mixed infections have been associated with 
sewage-related outbreaks (25). Further research is needed 
to confirm whether our findings reflect true differences or 
differences in laboratory and investigative practices.

The use of internationally collected surveillance data 
and published outbreak reports is potentially associated 
with different kinds of biases. Therefore, our study has 
some limitations. 

First, the differences between the surveillance data 
and the data reported in the literature gathered by Mat-
thews et al. (19) (and in our update in the online Techni-
cal Appendix) in terms of foodborne proportion suggests 
the possibility of publication bias in favor of foodborne 
outbreaks. This bias has been described; reports of larger 
foodborne outbreaks with severe outcomes are more likely 
to be published (26). This hypothesis is supported by the 
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Figure 2. Countries from which norovirus outbreak reports were included in analyses of norovirus genotype profiles associated with 
foodborne transmission, according to Foodborne Viruses in Europe/Noronet (1999–2012), CaliciNet (2009–2012), ESR-EpiSurv  
(2008–2012), or systematic literature review (1993–2011). ESR, Institute of Environmental Science and Research.
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higher proportion of foodborne outbreaks caused by GII.4 
and nonGII.4 found in the literature review.

Second, combining retrospective data from countries 
that differ in surveillance setup, coverage, and continuity 
is difficult. Individual cases of norovirus infection are not 
nationally notifiable in most of Europe, the United States, 
or New Zealand. Ascertainment and reporting of foodborne 
outbreaks probably varies substantially by setting (27) or be-
tween countries because of differing priorities and the com-
plexity of the food chain. Despite this limitation, there was 
no feasible way to verify the transmission designation for ev-
ery sample. Nevertheless, previous investigation of assign-
ment of transmission modes within the FBVE network (28) 
showed that 2 of 13 countries used personborne transmission 
as a diagnosis of exclusion. Therefore, we consider that our 
estimate of the foodborne proportion is probably diluted and 
thus conservative. Ideally, data would be collected prospec-
tively worldwide in a systematic approach, but until that is 
feasible, we consider our approach of using the data avail-
able from surveillance systems acceptable as best practice.

Third, differences in results based on P and C typ-
ing may reflect biases. This limitation mainly involves 
the FBVE/Noronet database, which includes data from 

multiple countries. For some countries, like the Nether-
lands, polymerase genotyping is the standard but capsid 
genotyping is performed for more thoroughly investigated 
outbreaks. Examples of reasons for additional capsid se-
quence typing are to find transmission chains (29,30), to 
confirm whether a new GII.4 variant is emerging (22), or 
to look for recombinants when suspected (31). Therefore, 
the FBVE/Noronet profiles based on capsid genotyp-
ing may be biased toward more unusual outbreaks and 
thereby possibly more often toward foodborne outbreaks. 
The FBVE network previously investigated the country-
specific approaches (27,28) showing that, for example, 
Denmark has a surveillance system strongly focused on 
foodborne outbreaks, whereas in the United Kingdom, 
outbreaks in institutional settings are more often reported. 
This difference was reflected in the genotype profiles of 
these countries, thus confirming the different genotype 
profiles. In the United States, capsid sequencing is the 
standard, regardless of the outbreak circumstances; poly-
merase genotypes are not routinely uploaded to CaliciNet. 
In New Zealand, genotyping is based on the polymerase 
and capsid regions (if both can be determined), regardless 
of the outbreak circumstances. This systematic approach 
to genotyping regardless of the outbreak circumstances 
may explain why the US capsid profile and both the ESR-
EpiSurv capsid and polymerase profiles are most similar 
to the FBVE/Noronet polymerase profile; these profiles 
are the result of systematic surveillance. A recent illus-
tration of the value of performing both polymerase and 
capsid genotyping is the global emergence of the GII.4 
Sydney 2012 variant (32). This variant is a GII.4 recombi-
nant (33) with a GII.4 C-type and a GII.e P-type (34). Dis-
tinction of GII.4 versus nonGII.4 would not be possible if 
only polymerase-based genotype profiles were used.

Despite the shortcomings in working with surveillance 
data or data available in the public domain, our study showed 
that the proportion of norovirus outbreaks attributed to food-
borne transmission is comparable in different parts of the 
world. The proportion of norovirus outbreaks attributed to 
foodborne transmission is in the same order of magnitude as 
the 17% found in an expert elicitation study from the Neth-
erlands (35) and 11% in the United Kingdom as estimated 
from outbreak surveillance data (36). This similarity strongly  

Figure 3. Genotype profiles. Foodborne proportion per genotype 
group per year, as reported to Foodborne Viruses in Europe/
Noronet, with polymerase genotypes (n = 4,580) or, if missing, 
capsid genotypes (n = 1,003). 

 
Table. Proportion	of	foodborne	outbreaks	per	category,	estimated	according	to	different	databases	for	2009–2012* 

Genotype 

Database 
FBVE/Noronet,	 

n	=	1,715 
ESR-EpiSurv,	 

n	=	584 
CaliciNet,	 
n	=	3,094 

Systematic	literature	
review,	n	=	8 

Global	profile,	 
n	=	5,393 

GII.4 0.07 (0.06–0.09) 0.09 (0.06–0.11) 0.12 (0.10–0.14) 0.12 (0.00–0.40) 0.10	(0.09–0.11) 
Other	genotypes 0.31 (0.25–0.37) 0.25 (0.17–0.33) 0.26 (0.23–0.30) 0.67 (0.16–0.97) 0.27	(0.25–0.30) 
Mixed	outbreaks 0.75 (0.48–0.94) 0.50 (0.20–0.75) 0.16 (0.05–0.33) CNBC 0.37	(0.24–0.52) 
Foodborne	proportion† 0.12 0.13 0.16 CNBC 0.14 
*FBVE/Noronet	polymerase	profile	was	used	to	compare	with	ESR-EpiSurv	polymerase,	systematic	literature	review	polymerase,	and	CaliciNet capsid	
profiles.	CNBC,	could	not	be	calculated;	ESR,	Institute	of	Environmental	Science	and	Research;	FBVE,	Foodborne	Viruses	in	Europe.	Estimates	in	italics	
do	not	statistically	differ	from	the	FBVE/Noronet	polymerase	profile	as	a	reference;	estimates	in boldface	do	statistically	differ.	 
†Proportion	of	outbreaks	with	an	unknown	mode	of	transmission	estimated	to	be	attributed	to	food. 
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indicates that this microbiology-based attribution method 
is robust, albeit in need of continued refinement (6). With 
≈1 in 7 norovirus outbreaks being attributable to food, the 
foodborne transmission route represents a major target for 
intervention, particularly given the possibility of widespread 
exposures and the possibility of preventing not only primary 
but also secondary cases if contaminated foods are recalled 
from the market. Given the high incidence (37) and preva-
lence (38) of norovirus infections, norovirus has become a 
major cause of foodborne illness worldwide. To improve es-
timates of the social and economic costs of norovirus illness, 
future research should be aimed at filling the data gaps and 
should include nonindustrialized countries while aiming for 
global coverage of norovirus surveillance data.

Acknowledgments
We thank the World Health Organization’s Foodborne Disease 
Burden Epidemiology Reference Group for financial support 
and critical review of this study, and we thank the FBVE and 
Noronet networks for collecting and sharing sequences.

The New Zealand Ministry of Health funded the work conducted 
by the ESR. This study was commissioned and paid for in part 
by the Foodborne Disease Burden Epidemiology Reference 
Group of the World Health Organization, the New Zealand 
Ministry of Health, and by the Government of the Netherlands 
on behalf of the Foodborne Disease Burden Epidemiology  
Reference Group. 

Dr. Verhoef is an epidemiologist in the Center of Infectious Dis-
ease Control of the National Institute for Public Health and the 
Environment. Her work focuses on the epidemiology and surveil-
lance of infectious diseases, particularly on the use of molecular 
typing information to facilitate source tracing activities.

References
  1.	 Fields BN, Knipe DM, Howley PM. Fields virology. 6th ed.  

Philadelphia: Wolters Kluwer/Lippincott Williams & Wilkins 
Health; 2013.

  2.	 Kroneman A, Vega E, Vennema H, Vinje J, White PA, Hansman G, 
et al. Proposal for a unified norovirus nomenclature and  
genotyping. Arch Virol. 2013;158:2059–68. http://dx.doi.
org/10.1007/s00705-013-1708-5

  3.	 Cannon JL, Papafragkou E, Park GW, Osborne J, Jaykus LA,  
Vinje J. Surrogates for the study of norovirus stability and inactiva-
tion in the environment: a comparison of murine norovirus and 
feline calicivirus. J Food Prot. 2006;69:2761–5.

  4.	 Lees D. Viruses and bivalve shellfish. Int J Food Microbiol. 
2000;59:81–116. http://dx.doi.org/10.1016/S0168-1605(00)00248-8

  5.	 Thornley CN, Hewitt J, Perumal L, Van Gessel SM, Wong J,  
David SA, et al. Multiple outbreaks of a novel norovirus GII.4 linked 
to an infected post-symptomatic food handler. Epidemiol Infect. 
2013;141:1585–97. http://dx.doi.org/10.1017/S0950268813000095

  6.	 Pires SM. Assessing the applicability of currently available meth-
ods for attributing foodborne disease to sources, including food and 
food commodities. Foodborne Pathog Dis. 2013;10:206–13.  
http://dx.doi.org/10.1089/fpd.2012.1134

  7.	 Hald T, Vose D, Wegener HC, Koupeev T. A Bayesian approach to 
quantify the contribution of animal-food sources to human 
salmonellosis. Risk Anal. 2004;24:255–69. http://dx.doi.
org/10.1111/j.0272-4332.2004.00427.x

  8.	 Gentry J, Vinje J, Guadagnoli D, Lipp EK. Norovirus distribution  
within an estuarine environment. Appl Environ Microbiol. 
2009;75:5474–80. http://dx.doi.org/10.1128/AEM.00111-09

  9.	 Tuladhar E, Hazeleger WC, Koopmans M, Zwietering MH, 
Beumer RR, Duizer E. Residual viral and bacterial contamination 
of surfaces after cleaning and disinfection. Appl Environ Microbiol. 
2012;78:7769–75. http://dx.doi.org/10.1128/AEM.02144-12

10.	 Maalouf H, Zakhour M, Le Pendu J, Le Saux JC, Atmar RL,  
Le Guyader FS. Distribution in tissue and seasonal variation of noro-
virus genogroup I and II ligands in oysters. Appl Environ Microbiol. 
2010;76:5621–30. http://dx.doi.org/10.1128/AEM.00148-10

11.	 Verhoef L, Vennema H, van Pelt W, Lees D, Boshuizen H,  
Henshilwood K, et al. Use of norovirus genotype profiles to 
differentiate origins of foodborne outbreaks. Emerg Infect Dis. 
2010;16:617–24. http://dx.doi.org/10.3201/eid1604.090723

12.	 Vega E, Barclay L, Gregoricus N, Shirley SH, Lee D, Vinje J. 
Genotypic and epidemiologic trends of norovirus outbreaks in the 
United States, 2009 to 2013. J Clin Microbiol. 2014;52:147–55. 
http://dx.doi.org/10.1128/JCM.02680-13

13.	 Siebenga JJ, Vennema H, Zheng DP, Vinje J, Lee BE, Pang XL,  
et al. Norovirus illness is a global problem: emergence and 
spread of norovirus GII.4 variants, 2001–2007. J Infect Dis. 
2009;200:802–12. http://dx.doi.org/10.1086/605127

14.	 Stein C, Kuchenmuller T, Hendrickx S, Pruss-Ustun A, Wolfson L, 
Engels D, et al. The Global Burden of Disease assessments–WHO 
is responsible? PLoS Negl Trop Dis. 2007;1:e161. http://dx.doi.
org/10.1371/journal.pntd.0000161

15.	 Kroneman A, Harris J, Vennema H, Duizer E, van Duynhoven Y, 
Gray J, et al. Data quality of 5 years of central norovirus outbreak 
reporting in the European Network for food-borne viruses.  
J Public Health (Oxf). 2008;30:82–90. http://dx.doi.org/10.1093/
pubmed/fdm080

16.	 Vega E, Barclay L, Gregoricus N, Williams K, Lee D, Vinje J. 
Novel surveillance network for norovirus gastroenteritis outbreaks, 
United States. Emerg Infect Dis. 2011;17:1389–95.

17. Kageyama T, Kojima S, Shinohara M, Uchida K, Fukushi S,  
Hoshino FB, et al. Broadly reactive and highly sensitive assay for 
Norwalk-like viruses based on real-time quantitative reverse 
transcription-PCR. J Clin Microbiol. 2003;41:1548–57.  
http://dx.doi.org/10.1128/JCM.41.4.1548-1557.2003

18.	 Greening GE, Hewitt J, Rivera-Aban M, Croucher D. Molecular 
epidemiology of norovirus gastroenteritis outbreaks in New  
Zealand from 2002–2009. J Med Virol. 2012;84:1449–58.  
http://dx.doi.org/10.1002/jmv.23349

19.	 Matthews JE, Dickey BW, Miller RD, Felzer JR, Dawson BP,  
Lee AS, et al. The epidemiology of published norovirus outbreaks: 
a review of risk factors associated with attack rate and genogroup. 
Epidemiol Infect. 2012;140:1161–72. http://dx.doi.org/10.1017/
S0950268812000234

20.	 Brown LD, Cai TT, DasGupta A. Interval estimation for a binomial 
proportion. Stat Sci. 2001;16:101–33. http://dx.doi.org/10.1214/
ss/1009213286

21.	 Lindesmith LC, Beltramello M, Donaldson EF, Corti D,  
Swanstrom J, Debbink K, et al. Immunogenetic mechanisms 
driving norovirus GII.4 antigenic variation. PLoS Pathog. 
2012;8:e1002705. http://dx.doi.org/10.1371/journal.ppat.1002705

22.	 Verhoef L, Depoortere E, Boxman I, Duizer E, van Duynhoven Y,  
Harris J, et al. Emergence of new norovirus variants on spring 
cruise ships and prediction of winter epidemics. Emerg Infect Dis. 
2008;14:238–43. http://dx.doi.org/10.3201/eid1402.061567

23.	 Bernard H, Hohne M, Niendorf S, Altmann D, Stark K.  
Epidemiology of norovirus gastroenteritis in Germany 2001–2009: 



	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 21, No. 4, April 2015	 599

 Norovirus Genotypes and Foodborne Transmission

eight seasons of routine surveillance. Epidemiol Infect. 2014; 
142:63–74. http://dx.doi.org/10.1017/S0950268813000435

24.	 Lopman BA, Adak GK, Reacher MH, Brown DW. Two epidemio-
logic patterns of norovirus outbreaks: surveillance in England and 
Wales, 1992–2000. Emerg Infect Dis. 2003;9:71–7. http://dx.doi.
org/10.3201/eid0901.020175

25.	 Gallimore CI, Pipkin C, Shrimpton H, Green AD, Pickford Y,  
McCartney C, et al. Detection of multiple enteric virus strains 
within a foodborne outbreak of gastroenteritis: an indication of the 
source of contamination. Epidemiol Infect. 2005;133:41–7. 

26.	 O’Brien SJ, Gillespie IA, Sivanesan MA, Elson R, Hughes C,  
Adak GK. Publication bias in foodborne outbreaks of infectious  
intestinal disease and its implications for evidence-based food 
policy. England and Wales 1992–2003. Epidemiol Infect. 
2006;134:667–74. http://dx.doi.org/10.1017/S0950268805005765

27.	 Kroneman A, Verhoef L, Harris J, Vennema H, Duizer E,  
van Duynhoven Y, et al. Analysis of integrated virological and 
epidemiological reports of norovirus outbreaks collected within 
the Foodborne Viruses in Europe network from 1 July 2001 to 
30 June 2006. J Clin Microbiol. 2008;46:2959–65. http://dx.doi.
org/10.1128/JCM.00499-08

28.	 Verhoef LP, Kroneman A, Van Duijnhoven Y, Boshuizen H,  
van Pelt W, Koopmans M. Selection tool for foodborne noro-
virus outbreaks. Emerg Infect Dis. 2009;15:31–8. http://dx.doi.
org/10.3201/eid1501.080673

29.	 Rondy M, Koopmans M, Rotsaert C, Van Loon T, Beljaars B,  
Van Dijk G, et al. Norovirus disease associated with excess 
mortality and use of statins: a retrospective cohort study of an 
outbreak following a pilgrimage to Lourdes.  
Epidemiol Infect. 2011;139:453–63. http://dx.doi.org/10.1017/
S0950268810000993

30.	 Sukhrie FH, Beersma MF, Wong A, van der Veer B, Vennema 
H, Bogerman J, et al. Using molecular epidemiology to trace 
transmission of nosocomial norovirus infection. J Clin Microbiol. 
2011;49:602–6. http://dx.doi.org/10.1128/JCM.01443-10

31.	 Symes SJ, Gunesekere IC, Marshall JA, Wright PJ. Norovirus 
mixed infection in an oyster-associated outbreak: an opportunity 
for recombination. Arch Virol. 2007;152:1075–86. http://dx.doi.
org/10.1007/s00705-007-0938-9

32.	 van Beek J, Ambert-Balay K, Botteldoorn N, Eden JS, Fonager J, 
Hewitt J, et al. Indications for worldwide increased norovirus  
activity associated with emergence of a new variant of genotype 
II.4, late 2012. Euro Surveill. 2013;18:8–9.

33.	 Eden JS, Tanaka MM, Boni MF, Rawlinson WD, White PA.  
Recombination within the pandemic norovirus GII.4 lineage.  
J Virol. 2013;87:6270–82. http://dx.doi.org/10.1128/JVI.03464-12

34.	 Fonager J, Barzinci S, Fischer TK. Emergence of a new recom-
binant Sydney 2012 norovirus variant in Denmark, 26 December 
2012 to 22 March 2013. Euro Surveill. 2013;18:pii:20506. 

35.	 Havelaar AH, Galindo AV, Kurowicka D, Cooke RM.  
Attribution of foodborne pathogens using structured expert 
elicitation. Foodborne Pathog Dis. 2008;5:649–59. http://dx.doi.
org/10.1089/fpd.2008.0115

36.	 Adak GK, Long SM, O’Brien SJ. Trends in indigenous foodborne 
disease and deaths, England and Wales: 1992 to 2000.  
Gut. 2002;51:832–41. http://dx.doi.org/10.1136/gut.51.6.832

37.	 Tam CC, Rodrigues LC, Viviani L, Dodds JP, Evans MR,  
Hunter PR, et al. Longitudinal study of infectious intestinal disease 
in the UK (IID2 study): incidence in the community and presenting 
to general practice. Gut. 2012;61:69–77.

38.	 Ahmed SM, Hall AJ, Robinson AE, Verhoef L, Premkumar P,  
Parashar UD, et al. Global prevalence of norovirus in cases of  
gastroenteritis: a systematic review and meta-analysis.  
Lancet Infect Dis. 2014;14:725–30. http://dx.doi.org/10.1016/ 
S1473-3099(14)70767-4

Address for correspondence: Linda P.B. Verhoef, National Institute for 
Public Health and the Environment (RIVM), Postbak 75, PO Box 1, 
3720 BA Bilthoven, the Netherlands; email: linda.verhoef@rivm.nl


