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The Foodborne Viruses in Europe network has developed integrated epidemiological and virological out-
break reporting with aggregation and sharing of data through a joint database. We analyzed data from
reported outbreaks of norovirus (NoV)-caused gastroenteritis from 13 European countries (July 2001 to July
2006) for trends in time and indications of different epidemiology of genotypes and variants. Of the 13 countries
participating in this surveillance network, 11 were capable of collecting integrated epidemiological and
virological surveillance data and 10 countries reported outbreaks throughout the entire period. Large differ-
ences in the numbers and rates of reported outbreaks per country were observed, reflecting the differences in
the focus and coverage of national surveillance systems. GII.4 strains predominated throughout the 5-year
surveillance period, but the proportion of outbreaks associated with GII.4 rose remarkably during years in
which NoV activity was particularly high. Spring and summer peaks indicated the emergence of genetically
distinct variants within GII.4 across Europe and were followed by increased NoV activity during the 2002–2003
and 2004–2005 winter seasons. GII.4 viruses predominated in health care settings and in person-to-person
transmission. The consecutive emergence of new GII.4 variants is highly indicative of immune-driven selection.
Their predominance in health care settings suggests properties that facilitate transmission in settings with a
high concentration of people such as higher virus loads in excreta or a higher incidence of vomiting. Under-
standing the mechanisms driving the changes in epidemiology and clinical impact of these rapidly evolving
RNA viruses is essential to design effective intervention and prevention measures.

Noroviruses (NoVs) are small, nonenveloped RNA viruses
that are increasingly reported as causes of gastroenteritis
across the world. Data from population-based studies suggest
that NoVs are the most common cause of infectious gastroen-
teritis at the community level in developed countries. Little
information is available about the role of NoV in gastroenter-
itis in developing countries (7, 12, 31). While illness associated
with NoVs is typically mild and self-limiting, their high inci-

dence and transmissibility result in large numbers of outbreaks,
for which NoV has become notorious. Outbreaks occur in
people of all ages and are particularly common in health care
settings or other institutions where transmission may be facil-
itated by crowding and possibly lower standards of hygiene (2,
13, 28). Here, the impact of NoV may be more severe (30), and
costs of controlling outbreaks may be high.

Recent events have suggested changes in the epidemiology
of NoVs, when an unexpectedly high number of outbreaks on
cruise ships signaled the start of a major epidemic in 2002 (27).
Similarly, the spring of 2006 witnessed numerous outbreaks on
cruise liners across Europe (22), triggering a joint outbreak
investigation by the European Centers for Disease Control and
the Foodborne Viruses in Europe (FBVE) network to identify
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possible sources for these outbreaks and provide clues from
detailed investigations on the basis of the joint data set (43).
Reports from other parts of the world have also suggested
increased incidence of NoV outbreaks (8, 37).

NoVs are genetically highly variable and have been divided
into five genogroups, which can differ as much as 40% with
regard to the amino acid composition of the major capsid
protein (VP1) (49).

Genogroups are further divided into genotypes, defined by
strains with a higher level of homology across the VP1 (80%).
An increasing number of genotypes are recognized as well as
additional sublineages within genotypes (14, 17, 25, 39, 42).
GII strains, particularly GII.4, are found most commonly all
over the world (2, 13, 39).

We analyzed the data submitted to a joint database for 24
institutes in 13 countries in Europe, to study the trends in NoV
outbreak reporting and the distribution of circulating strains of
NoVs identified between July 2001 and July 2006. We show
that rapid evolution of NoV occurs all over Europe and spec-
ulate that emergence of new variants at regular intervals is
associated with high levels of outbreak reporting.

MATERIALS AND METHODS

The network. The FBVE network was established in 1999 and is a collabora-
tion between epidemiologists and virologists in 13 countries. A web-based data-
base was established in 2001 by the network to provide a systematic collection of
data on outbreaks of viral gastroenteritis in Europe (20). A data set with epide-
miological information was reported, along with data on the diagnostic methods
used, as well as sequence information from outbreak strains. A description of the
projects and an example of the outbreak questionnaire and the database design
can be found via www.fbve.nl.

Definitions used. A NoV outbreak was defined as an outbreak (two or more
cases linked in place and time) of gastroenteritis with laboratory-confirmed NoV
infection. Gastroenteritis was defined as two or more episodes of vomiting in a

12-h period and lasting at least 12 h and/or two or more loose stools in a 12-h
period and lasting at least 12 h. Laboratory confirmation of a NoV outbreak
means two or more of a minimum of five stool specimens obtained from persons
in the acute phase of the illness testing positive.

The NoV high season was defined as date of onset of the outbreak between 1
July year x and 30 June year x � 1.

Strain characterization. The genotype of NoV was determined based on
partial sequence analysis of the polymerase gene and/or capsid gene (15, 44).
Definitive assignment of a genotype in the database entries was performed by
one molecular virologist from the coordinating team according to our publicly
available typing system (www.rivm.nl/bnwww). The GII.4 strains were then sub-
divided into five variants, based on distinct phylogenetic clustering and unique
motifs (40). The variants were assigned as GII.4-year, based on the first year in
which this clustering became apparent. Due to a lag in reporting and the need to
have a number of sequences before a cluster can be recognized, this is often a
year later than the actual first outbreak with this new variant.

Initially, all genotyping within the network was based on partial polymerase
gene sequencing, but following developments in the diagnostics of NoV some
countries have switched to genotyping based on partial capsid gene sequences.
For this study, the polymerase and capsid genotypes were combined and grouped
into three classes: GII.4, all other genogroup II strains, and all non-genogroup II
strains. For part of the analyses the GII.4 group was subdivided into the separate
variants. If available, a strain was assigned to one of these classes or variants
based on phylogenetic clustering of the polymerase sequence. When only the
capsid sequence was determined, this was used for classification.

Recombination is common in NoV, and as a rule the recombination point is
located at the open reading frame 1 (ORF1)/ORF2 overlap region, which is
between the polymerase and capsid regions used in this study (5, 35). This
implies that results from polymerase-based genotyping and capsid-based geno-
typing cannot be combined without specifically addressing this issue. We con-
cluded that combining the two typing methods using the above-described division
into three classes was valid on the basis of an analysis of the subset of 264 entries
in the data set used in this study which contained both polymerase and capsid
sequences. This showed that only 2% (n � 5) of the strains would be assigned to
another class when using capsid genotype.

Data analysis. For this study, we selected all outbreaks with a diagnosis of
NoV and date of onset between 1 July 2001 and 31 June 2006 from a download
of the FBVE outbreak reporting database of 4 June 2007. The number of
outbreaks each month and in each country was determined. Per analysis a subset

TABLE 1. Outbreaks per season per country

Countryb

Value by seasona:

2001–2002 2002–2003 2003–2004

N all (%)c Rated N type (%)e N type �
epi (%)f N all (%) Rate N type (%) N type �

epi (%) N all (%) Rate N type (%) N type �
epi (%)

DE 74 (8.7) 0.9 74 (15.7) 74 (21.8) 99 (8.8) 1.2 99 (22.1) 98 (27.4) 0 0 0
DK 21 (2.5) 3.9 1 (0.2) 1 (0.3) 5 (0.4) 0.9 2 (0.4) 1 (0.3) 4 (1.2) 0.7 0 0
ES 43 (5.0) 1.0 34 (7.2) 19 (5.6) 36 (3.2) 0.9 24 (5.4) 15 (4.2) 4 (1.2) 0.1 3 (2.6) 0
FI 55 (6.5) 10.6 45 (9.6) 9 (2.6) 118 (10.5) 22.7 22 (4.9) 3 (0.8) 22 (6.6) 4.2 18 (15.4) 3 (4.5)
FR 9 (1.1) 0.1 7 (1.5) 5 (1.5) 13 (1.2) 0.2 11 (2.5) 11 (3.1) 9 (2.7) 0.1 8 (6.8) 4 (8.1)
EW 485 (56.9) 8.2 191 (40.6) 133 (39.1) 563 (50.0) 9.5 60 (13.4) 42 (11.7) 192 (57.8) 3.2 11 (9.4) 0
HU 92 (10.8) 9.0 61 (13.0) 43 (12.6) 112 (9.9) 11.0 97 (21.7) 63 (17.6) 51 (15.4) 5.0 39 (33.3) 22 (33.3)
IE 0 0 0
IT 1 (0.1) 0.0 1 (0.2) 0 2 (0.2) 0.0 2 (0.4) 1 (0.3) 1 (0.3) 0.0 0 0
NL 59 (6.9) 3.7 55 (11.7) 54 (15.9) 148 (13.1) 9.1 107 (23.9) 101 (28.2) 27 (8.1) 1.7 25 (21.4) 25 (37.9)
NO 0 0 0
SE 7 (0.8) 0.8 1 (0.2) 2 (0.6) 12 (1.1) 1.3 10 (2.2) 9 (2.5) 15 (4.5) 1.7 13 (11.1) 12 (18.2)
SL 6 (0.7) 3.0 0 0 19 (1.7) 9.5 14 (3.1) 14 (3.9) 7 (2.1) 3.5 0 0

Total 852 (100) 2.4 470 (100) 340 (100) 1,127 (100) 3.5 448 (100) 358 (100) 332 (100) 1.6 117 (100) 66 (100)

a Date of onset between 1 July year x and 30 June year x � 1.
b DE, Germany; DK, Denmark; ES, Spain; FI, Finland; FR, France; EW, England and Wales; HU, Hungary; IE, Ireland; IT, Italy; NL, The Netherlands; NO,

Norway; SE, Sweden; SL, Slovenia.
c N all (%), number of outbreaks per country and % of all outbreaks of that season.
d Rate, number of outbreaks per million inhabitants per country (population on 1 January of 2002 to 2006; source, Eurostat �http://epp.eurostat.ec.europa.eu�). Total

rate per season is calculated using only the contributing countries within that season in the denominator.
e N type (%), number of outbreaks with typing data and % of all outbreaks with typing data.
f N type � epi (%), number of outbreaks with typing data and known mode of transmission and setting and % of all outbreaks with typing data and known mode

of transmission and setting.
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of outbreaks was selected based on the availability of data. For these selections,
the number of outbreaks by genotype and variant was determined in each month,
by suspected mode of transmission and by setting. GII.4 strains were compared
to GII non-4 and GI strains. Potential risk factors were determined from the
minimum data set including month and year of onset of the outbreak, setting,
and suspected mode of transmission, using multinomial logistic regression mod-
els. To limit the number of dummy variables in the model, potential risk factors
were converted to binary variables. Variables significant during univariate anal-
yses (P � 0.05) were included in a multivariate model. The variables remained in
the multivariate model if P values were below 0.05 while using the backward
selection procedure, when they were found to be confounding factors for other
variables in the model (� changing at least 10%) or when they were effect
modifiers (�2 of the interaction term significant at P � 0.05).

RESULTS

Representativeness of data. For the period of 1 July 2001 to
30 June 2006, 7,637 NoV outbreaks were reported to the
FBVE reporting database (Table 1). The rates (number of
outbreaks as a proportion of the population size of each coun-
try) differed by country, ranging from 0.0/million in 2001-2002
and 2003-2004 in Italy, where only one outbreak was reported
in both years, to 30.4/million in 2005-2006 for Ireland.

Two countries, Germany and England and Wales (these
latter two being considered one country for reporting pur-
poses), supplied 3,808 (49.9%) and 1,938 (25.4%) of all out-
breaks in the data set, respectively. Ten countries—Denmark,
Spain, Finland, France, England and Wales, Hungary, Italy,
The Netherlands, Sweden, and Slovenia—reported outbreaks
throughout the 5-year period. Twenty-four percent (1,847/
7,637) of the reported outbreaks contained data on genotype
(based on submitted sequences). Within this subset, 50% of
the data were provided by three countries, England and Wales,
Hungary, and The Netherlands, with 20.8%, 16.7% and 22.7%,
respectively. Seven countries—Spain, Finland, France, En-
gland and Wales, Hungary, The Netherlands, and Sweden—
submitted outbreak reports including sequences throughout
the complete period.

The subset of reports containing both genotyping and epi-
demiological background information on setting and mode of
transmission was 1,305 records (17.1%). The data from large

contributors were analyzed separately to look for possible bi-
ases in the global analyses in order to differentiate between
national and international trends. These data are presented
separately where relevant.

Trends in overall outbreak reporting, 1 July 2001 to 30 June
2006. Monthly trends in outbreak reporting for the 10 coun-
tries which reported throughout the complete period showed a
clear winter seasonality (Fig. 1). The size and month of the
peak differed annually, with the largest number of outbreaks
reported in the 2002–2003 period and remarkably low levels of
reporting in the 2003–2004 period. The outbreaks from En-
gland and Wales are shown separately from those of the other
countries because they show a slightly different pattern. In the
years 2001–2002, 2002–2003, and 2005–2006 the peak in En-
gland and Wales was observed somewhat earlier than in the
other countries, and increased reporting was observed in the
spring of 2004 unlike in other countries. Off-seasonal outbreak
activity was observed across Europe in the spring of 2002. The

TABLE 1—Continued

Value by seasona:

2004–2005 2005–2006 Whole period, 2001–2006

N all (%) Rate N type (%) N type �
epi (%) N all (%) Rate N type (%) N type �

epi (%) N all (%) N type (%) N type �
epi (%)

1,500 (64.1) 18.2 0 0 2,135 (71.5) 25.9 0 0 3,808 (49.9) 173 (9.4) 172 (13.2)
7 (0.3) 1.3 3 (0.7) 3 (1.1) 18 (0.6) 3.3 17 (4.3) 16 (5.8) 55 (0.7) 23 (1.2) 21 (1.6)

14 (0.6) 0.3 13 (3.1) 3 (1.1) 30 (1.0) 0.7 27 (6.8) 23 (8.4) 127 (1.7) 101 (5.5) 60 (4.6)
54 (2.3) 10.3 31 (7.5) 5 (1.9) 44 (1.5) 8.4 16 (4.0) 9 (3.3) 293 (3.8) 132 (7.1) 29 (2.2)
26 (1.1) 0.4 26 (6.3) 18 (6.8) 31 (1.0) 0.5 31 (7.8) 24 (8.7) 88 (1.2) 83 (4.5) 62 (4.8)

357 (15.3) 5.9 41 (9.9) 0 341 (11.4) 5.6 81 (20.4) 0 1,938 (25.4) 384 (20.8) 175 (13.4)
81 (3.5) 8.0 71 (17.1) 41 (15.4) 62 (2.1) 6.2 41 (10.3) 34 (12.4) 398 (5.2) 309 (16.7) 203 (15.6)
81 (3.5) 19.7 68 (16.4) 67 (25.2) 128 (4.3) 30.4 44 (11.1) 44 (16.0) 209 (2.7) 112 (6.1) 111 (8.5)
9 (0.4) 0.2 5 (1.2) 1 (0.4) 3 (0.1) 0.1 2 (0.5) 1 (0.4) 16 (0.2) 10 (0.5) 3 (0.2)

168 (7.2) 10.3 132 (31.9) 104 (39.1) 120 (4.0) 7.3 101 (25.4) 89 (32.4) 522 (6.8) 420 (22.7) 373 (28.6)
16 (0.7) 3.5 0 0 22 (0.7) 4.7 0 0 38 (0.5) 0 0
11 (0.5) 1.2 10 (2.4) 10 (3.8) 26 (0.9) 2.9 20 (5.0) 20 (7.3) 71 (0.9) 54 (2.9) 53 (4.1)
16 (0.7) 8.0 14 (3.4) 14 (5.3) 25 (0.8) 12.5 18 (4.5) 15 (5.5) 73 (1.0) 46 (2.5) 43 (3.3)

2,340 (100) 6.4 414 (100) 266 (100) 2,985 (100) 8.2 398 (100) 275 (100) 7,636 (100) 1,847 (100) 1,305 (100)

FIG. 1. Number of reported outbreaks per month of onset for all
countries reporting throughout the complete period.
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seasonal peak month in each country was determined for each
season. No direction of spread across Europe could be iden-
tified visually this way (data not shown).

Trends in NoV outbreaks by genotype, 1 July 2001 to 30
June 2006. Outbreaks were grouped by genotype for the coun-
tries that submitted these data throughout the reporting period
(Fig. 2), showing that GII.4 strains were the predominant ge-
notype within the 5 years under surveillance. In England and
Wales the proportion of GII.4 outbreaks was lower throughout
the entire period. The winter seasonality was clearest for out-
breaks caused by GII.4 strains, and a weaker seasonal pattern
was visible for other GII viruses. Within the GII non-4 strains
mostly II.2, II.7, and II.b strains were found (data not shown;
typing based only on polymerase sequences) with the 2001–
2002 peak of GII non-4 outbreaks mainly caused by II.b. II.b is
the preliminary name for a distinct strain with a polymerase
sequence that did not cluster with any known sequence glo-
bally. It was initially associated with oyster-associated out-
breaks all linked to the same source and subsequently found in
other settings (4). The 2005–2006 peak was dominated by II.7
and II.b (based on polymerase typing; data not shown).

No seasonal pattern was observed for non-GII outbreaks.
Univariate logistic regression analysis confirmed that GII.4
strains were more common between October and March than
were non-GII strains (odds ratio [OR], 1.9; 95% confidence
interval [CI], 1.2 to 3.1; P � 0.006). For other GII outbreaks
this was also significant (OR, 1.8; 95% CI, 1.7 to 3.0; P �
0.0322), whereas non-GII outbreaks occurred throughout the
year. A similar pattern was observed for individual countries,
although this was not statistically significant due to low num-
bers. The 2002–2003 and the 2004–2005 winter peaks were
almost exclusively caused by GII.4 NoV.

Trends for individual GII.4 variants, 1 July 2001 to 30 June
2006. Following initial observations on emergence of new vari-
ants within GII.4, we decided to study the trends in individual
GII.4 variants. Plotting trends for individual GII.4 variants
showed consecutive emergence and disappearance of new vari-
ants across Europe (Fig. 2). In the 2001–2002 season the pre-
dominant II.4 variant was GII.4 1996, which had also been
circulating in years prior to this survey (40). In 2002–2003 and
2004–2005 the peaks were almost exclusively caused by a new

variant which was first reported a few months earlier. In 2006,
two distinct variants were seen cocirculating. The first report of
variant GII.4 2002 in the database was from two outbreaks in
January 2002 in residential institutions in The Netherlands,
with person-to-person transmission. Subsequently this variant
rapidly became predominant in the course of the year. The
following season, 2003–2004, showed very low NoV activity,
but the first outbreaks with the new II.4 2004 variant were seen
cocirculating with the 2002 epidemic strain. In the 2004–2005
season this new variant had become predominant, with only a
few outbreaks of II.4 2002. In the 2005–2006 season the 2002
variant was not detected anymore.

Variant II.4 2004 was reported for the first time in an out-
break which took place in November 2003 in Finland with an
unknown setting and mode of transmission. The first reports of
variant II.4 2006a in the database were in two outbreaks in
February 2006 in France and The Netherlands in residential
institutions, with person-to-person transmission. Variant II.4
2006b was firstly reported in an outbreak in December 2005 in
two residential institutions in Spain. Patterns for 2002 and 2004
variants were similar across the network. For the 2006 variants,
some geographic differences were observed. In Hungary, only
the 2006b variant was found during the study period. No geo-
graphical direction of spread could be deduced visually from
the first outbreak or the peak month for the individual variants
in the different countries (data not shown).

Modes of transmission overall and by genotype. Of all out-
breaks with a reported mode of transmission (n � 5,036), 88%
(n � 4,429) were suspected to be person-to-person outbreaks,
10% (n � 506) were food-borne outbreaks, and 2% (n � 76)
were waterborne outbreaks. For the subset of outbreaks with
genotyping data (n � 1,317), again the main (suspected) mode
of transmission (83%) was person to person (Fig. 3). As Fig. 3
shows, person-to-person outbreaks were relatively more often
caused by GII.4 viruses and food-borne outbreaks were rela-
tively more often caused by non-II genotypes. Univariate lo-
gistic regression analysis showed that person-to-person trans-
mission was an independent risk factor for GII.4 outbreaks
(OR, 6.3; 95% CI, 3.8 to 46.6; P � 0.001) but not other GII
outbreaks (OR, 1.6; 95% CI, 1.0 to 2.6; P � 0.0736), compared
to genogroup non-II outbreaks.

Setting of outbreaks, overall and by genotype. Of all out-
breaks with a reported setting (n � 6,579), 72% (n � 4,710)

FIG. 2. Number of outbreaks with genotypes and variants per
month from Spain, Finland, France, England and Wales, Hungary,
The Netherlands, and Sweden (the subset of countries which have
outbreak reports with sequence data throughout the complete period).

FIG. 3. Suspected mode of transmission for all genotyped out-
breaks with reported mode of transmission (n � 1,317).
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took place in a health care setting, i.e., residential institutions
(36%, n � 2,383) and hospitals (35%, n � 2,327).

This was similar to the proportion found in the 1,641 out-
breaks for which genotyping information was available (70%, n �
1,154). There was a significant difference between genotypes:
80% of GII.4 outbreaks were in health care settings, compared
with 43% of the outbreaks caused by other genotypes (Fig. 4).
In day care centers and schools GI strains were found relatively
more often. Univariate logistic regression analysis of outbreaks
in health care settings showed significantly higher risk for both
GII.4 (OR, 11.8; 95% CI, 7.0 to 1,086.6; P � 0.001) and other
GII (OR, 2.8; 95% CI, 1.6 to 4.9; P � 0.0004) outbreaks.

Multivariate analysis. Setting, transmission mode, and sea-
sonality were included in a multivariate logistic regression
model comparing GII.4 to other GII outbreaks. During the
backward selection procedure setting and mode remained in
the model as significant risk factors. No confounding from
season was observed. The analysis resulted in ORs as shown in
Table 2. Outbreaks in health care settings were almost nine
times more likely to be caused by GII.4 strains than by NoVs
belonging to genotypes other than GII. Outbreaks listed as
person-to-person outbreaks were almost twice as likely to be
GII.4 outbreaks.

DISCUSSION

Our outbreak surveillance found large differences in num-
bers and rates of outbreaks in each country (Table 1), which
are most likely a result of the differences in national surveil-
lance systems rather than true differences in prevalence of
NoV outbreaks (24, 26, 29). This is not a specific problem of
NoV surveillance, as almost all international surveillance net-
works cope with lack of standardization, reporting delay, and
missing values in health event reporting (1, 9, 33). In addition,
NoVs are not on the list of priority diseases for surveillance in
the European Union. Therefore, such differences will remain
in the near future. France, Denmark, and Sweden report only
suspected food-borne NoV outbreaks, and Italy and Spain do
not have a national NoV surveillance system and report re-
gional data. Norway and Ireland are new members of the
network and started reporting outbreaks in 2004; Slovenia
started in 2002. In Germany the system of NoV reporting to
the FBVE database changed considerably during the period
described in this paper. Cases of NoV infection have been

notifiable since 2001 in Germany. In 2005 Germany started
reporting outbreaks to the FBVE database collected through a
new surveillance system. Cases are registered, and subse-
quently outbreaks are established by linking individual cases
into groups (10). For some of the outbreaks the virus is char-
acterized, but due to stringent privacy laws these characterized
viruses cannot be linked to individual outbreaks. Thus, al-
though Germany has reported sequences to the FBVE data-
base during the entire study period, these cannot be used in the
overviews in this paper. Equally the structure of outbreak re-
porting in England and Wales, Finland, and Norway precludes
systematic provision of integrated laboratory and epidemiology
data. Several countries submitted additional sequences without
outbreak information to the FBVE database, of which Ger-
many and Denmark did so in large quantities (n � 200). These
data cannot be used in this epidemiological overview but will
be included in a phylogenetic overview elsewhere.

Taking into account the differences in the scope and system
of national surveillance is necessary when doing comparative
analysis of data as presented in this study (21). In every anal-
ysis, depending on the availability and validity of the required
data, a different set of outbreaks is selected.

We looked at trends in outbreak reporting, which confirmed
the clear winter seasonality of NoV outbreaks (32). The vari-
ation in the size of the seasonal peaks has been described
earlier for individual countries, which reported increased ac-
tivity during the 2002–2003 and 2004–2005 winter seasons (14,
19, 23, 27, 39). However, it is difficult to draw conclusions on
these trends based on surveillance data alone. Combining
these data with molecular virological information, it becomes
clear that the GII strains cause the seasonality and striking
changes in the epidemiology have been observed: the propor-
tion of all outbreaks caused by GII.4 rose remarkably during
the observed peak years of 2002–2003 and 2004–2005 (2, 13,
39), and further analysis showed that this was in fact a succes-
sion of distinguishable variants emerging and disappearing
rapidly. Molecular analysis has shown that these viruses have
evolved from circulating strains by accumulation of amino acid
mutations at surface-exposed regions of the viral particle,
which is highly indicative of immune-driven selection, although
other explanations may exist (14, 25, 39). The period under
surveillance for the whole group is short, but data from the
countries with stable surveillance over longer periods of time
suggest that the high GII.4 presence and rate of change is a
relatively recent phenomenon. The first observed GII.4 variant
(GII.4 1996) that appeared globally was associated with high
rates of outbreak reporting in 1995–1996 (46). These viruses

TABLE 2. ORs of multinomial logistic regression, NoV strain
groups for person-to-person transmission, high season, and

health care outbreaksa

Variable
GII.4 GII non-4

OR P OR P

Person to person 1.9 0.026 1.0 0.8981
Health careb 8.8 �0.0001 2.6 0.003
nc 976 250

a Reference category for the equation is non-genogroup II (n � 79).
b Hospital or residential institution.
c Total n � 1,305.

FIG. 4. Setting per genotype for all genotyped outbreaks with a
reported setting (n � 1,648).
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continued to circulate with less severe impact, until the 2002
new variant was identified through our network (27). Again,
these viruses emerged globally, and increased levels of out-
breaks were reported across the world (45, 47).

New GII.4 variants have emerged every other year and dis-
appeared a few years later, which can be seen as extremely fast
evolution (6, 14, 34, 39). This pattern is similar to observations
of influenza viruses, where new variants are known antigenic
drift variants, but changes in NoVs in recent years have oc-
curred faster than those in influenza viruses (41). Work is
ongoing on global comparisons of circulating NoV variants,
and preliminary results confirm that the 2004 and 2006 variants
are now seen globally (38). Although during the study period
variant II.4 2006a was not found in Hungary, this variant has
been reported from that country starting from October 2006. It
is not yet possible to establish any direction in geographical
spread, but this may be revealed in a later stage by using scan
statistics (24).

The observed changes in circulating genotypes may provide
part of the explanation for the apparently increased problems
with NoVs in health care settings in recent years (18, 48).
Viruses of the GII.4 genotype are predominant in health care
settings where people are at risk of complications of gastroen-
teritis (2, 3, 11, 13, 16, 28, 30). This highly significant association,
combined with the predominance of GII.4 in person-to-person
transmission, suggests that GII.4 strains have properties that fa-
cilitate transmission in settings with a high concentration of peo-
ple, such as higher virus loads in excreta or a higher incidence of
vomiting. Quantitative data on virus shedding and on clinical
symptoms are needed to test this hypothesis. A study in The
Netherlands suggested increased mortality due to gastroenteritis
associated with the winter seasonal peaks of 2002–2003 and 2004–
2005, and similar studies are ongoing in England and Wales and
France (L. van Asten, J. Siebenga, C. van den Wijngaard, R.
Verheij, H. Vliet, W. van Pelt, and M. Koopmans, submitted for
publication). Data from the work of Verhoef et al. (43) suggested
that unusual spring and summer activity can be seen as a predictor
for severe winter seasons, reflecting the impact of new variant
GII.4 NoVs on cruise ships as well. The unpredictable nature of
this rapidly evolving RNA virus with striking changes in epidemi-
ology is reason for concern. Understanding the mechanisms driv-
ing this process is essential to design effective intervention and
prevention measures. For this a transnational approach is neces-
sary, and thus, the need for a more standardized and systematic
approach is clear, both for surveillance and for the molecular
virological data collection and analysis. The global NoV initiative
aims to work toward this standardized nomenclature, including
recombinant strains (25, 36).
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