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Noroviruses are well known as the etiologic agent of
the so-called winter-vomiting disease. This clinical syn-
drome was first described in 1928, but the virus was not
discovered until its visualization by electron microscopy
in 1972. Noroviruses belong to a large family of viruses
infecting humans and animals, the Caliciviridae. A wide
range of clinical pictures has been associated with ani-
mal caliciviruses, ranging from diarrhea and respiratory
disease to a fatal hemorrhagic disease in rabbits and cats.
In humans, only gastroenteritis with diarrhea and vomit-
ing has been associated with caliciviruses, due to viruses
belonging to two genera: the sapoviruses (SaV) and no-
roviruses (NoV). The etiological role of caliciviruses in
other diseases of human has not been evaluated system-
atically.

The typical illness caused by SaV and NoV has a
short incubation time and is mild and self-limiting. But
whereas sapoviruses are primarily found in sporadic cases
in children, with only occasional outbreaks described in
elderly people, noroviruses are now renowned as the most
common cause of outbreaks of intestinal disease in people
of all age groups. Sometimes, more severe disease is seen
in risk groups such as the elderly and people with under-
lying illness. Noroviruses are infectious by the oral route
in very low dose (1–10 infectious particles), replicate in
an as yet unknown location (probably in the intestinal
tract) and are shed in amounts of up to 1011 viral particles
per gram of stool. Peak shedding is seen in the first days
following infection, but can continue for over 3 weeks,
especially in young children. Recent case reports have
shown that persons with immuno-deficiencies may be-
come chronic symptomatic shedders although at present
there is no documentation of transmission of infection
resulting from contact with a chronic shedder. Asymptom-
atic infection is common, and matters are complicated
further by the fact that people without symptoms may
shed similar amounts of virus as ill persons. Once the
virus exits the host, via stool or vomit, it remains infec-
tious for periods up to months depending on the circum-
stances. Finally, many distinct lineages of norovirus exist,
that differ in the make-up of their genes and proteins, their
capacity of binding to the host cells, and the immunity that
they induce (if any) [1]. Based on these basic parameters,
it is easy to understand why norovirus infections are so
difficult to control.

Data from surveillance of outbreaks of viral gastro-
enteritis have suggested that norovirus illness is increas-
ing in incidence [2]. One could speculate about possible
explanations for this, for example the ageing population

leading to an increase in the number of people living in
institutional settings where conditions are favorable for
transmission of norovirus, or the changing food market
with large shipments of fresh food across the world cou-
pled with relatively poorly development of hygiene con-
trol. Just as likely, however, increasing trends reflect an
increased awareness about the role of these viruses as
causes of illness, resulting in more frequent diagnosis. In
recent years, community-based studies of infectious in-
testinal disease have revealed that noroviruses are the
number one cause of infectious gastro-enteritis. In The
Netherlands alone (population 16.3 million), an estimated
600.000 cases of norovirus infection occur each year.
Given this high incidence in the community, introductions
of the virus in institutions probably are more rule than
exception. Data from a Europe-wide study of norovirus
outbreaks illustrate that outbreaks are commonly detected
in all countries that have sufficient diagnostic capacity and
a systematic evaluation of outbreaks of gastro-enteritis for
other than bacterial infections. This includes food-borne
outbreaks. Here, food has been contaminated by one of
three routes, namely an infected food handler, contact
with sewage, or contact with (sewage-)contaminated wa-
ter. Contamination of food may happen at the end of the
chain with the typical examples of a food handler with
poor hand washing hygiene or persons who were sick
inside a room where food was prepared or stored. In these
instances, the eventual size of the outbreak depends on the
number of persons served by this particular food handler,
and such outbreaks are relatively easily unraveled by a
proper outbreak investigation [3].

Much more difficult to detect are the outbreaks in
which the contamination event is early in the food chain,
for instance with berries that are harvested under poor
hygienic conditions, or that were irrigated or washed with
contaminated water [4]. In these examples, diffuse out-
breaks may occur over a vast geographic region, depend-
ing on the final destination of the food products and the
amount of processing that is done prior to consumption. It
is these types of outbreaks that the Food-borne Viruses in
Europe Network (FBVE) in Europe and Calicinet in the
US are trying to detect. In order to do so, the FBVE
network collects epidemiological data from outbreaks of
norovirus illness and the exact sequence of parts of the
viral genome from representative samples. These data are
stored in a common, shared database that can be searched
directly by members of the network or upon request to the
network coordinator (fbve@rivm.nl) for persons outside
the network (www.eufoodborneviruses.co.uk/) [5]. In ad-
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dition, the genetic information from the strains causing
the outbreaks is stored, and can be searched via internet
(www.rivm.nl/bnwww). Overall, an estimated 10% of re-
ported outbreaks were considered to be food- or water-
borne, but this proportion varies considerably between
countries due to differences in the surveillance [6]. Large
international food-borne outbreaks have been detected.
An important aspect of the work is the information col-
lected on the diversity of circulating noroviruses. Linking
of outbreaks through the matching of sequences may
seem straightforward, but the reality is different. The
strategy works well when rare variants of norovirus are
detected simultaneously in seemingly unrelated out-
breaks. Here, a thorough outbreak investigation may pro-
vide further evidence of an epidemiological link. More
difficult is the situation with common genotypes: norovi-
ruses belonging to genogroup II.4 (GGII4) are the most
frequently detected outbreak strains and occasional epi-
demics have been described in which a single GGII4
variant was seen across a vast geographic region within a
few months of time [7]. When this happens, linking out-
breaks through the identification of the same genotype
does not easily provide evidence for a common source.
The question remains how such variants arise and can be
disseminated so fast. It is plausible that food-borne distri-
bution plays a role but this remains to be proven. Another
complication of linking of outbreaks through sequence
matching is that foods may be contaminated with more
than one virus type. In this case, patients who ate the food
may harbor different strains of virus and still have con-
tracted the illness from consumption of the same food
item [8]. In addition, the simultaneous exposure of sus-
ceptible individuals to two or more related viruses in-
creases the risk of generation of recombinant viruses, a
highly undesirable situation.

The question remains whether noroviruses are consid-
ered to be more than a nuisance.

Outbreaks in institutional settings – as seen in the
example described by Schmid et al. in this issue of Wie-
ner klinische Wochenschrift [9] – can be quite costly, and
difficult to control because of environmental contamina-
tion. Noroviruses remain infectious outside the host for
long periods of time, and are relatively resistant to com-
monly used disinfectants. Stringent hand washing hy-
giene and the use of chlorine-based disinfectants are
proven strategies to reduce the level of transmission of
noroviruses. Unfortunately, both practices are no longer
common in hospitals and little is known about the effica-
cy of the alternative strategies in controlling norovirus
transmission. The widespread practice of low compliance
to hand washing and the replacement of hand washing by
the use of (fast) alcohol-based hand rubs – considered to
be effective in the combat against MRSA – may inadvert-
ently have led to an increased risk of spread of norovirus
if it is introduced to a hospital [10]. Hand rubs have also
been introduced in the food industry. Specific studies
assessing the effect of disinfectants or food processing on
infectivity of noroviruses are difficult because these vi-
ruses can not be cultured in the laboratory. Therefore,
efficacy studies have to be inferred from data obtained by
using other viruses as a model. Viruses differ greatly in
their composition, which translates into important differ-

ences in their stability. Noroviruses are single-stranded
RNA viruses without a lipid-containing envelope. This
virus architecture is similar to that of viruses of the family
Picornaviridae, to which for instance polioviruses and
hepatitis A belong. Poliovirus and hepatitis A virus can be
grown in cell culture, and have been used to study viru-
cidal activity of disinfectants or other control measures.
Therefore, as a rule of thumb, hygienists could look for
specific data from studies with these viruses to assess
whether the “favorite” disinfectants used in institutions
have a proven effect on these viruses and therefore are
likely to have an effect on noroviruses as well [4]. In any
case, it seems wise to reinstall stringent hand washing as
one of the control measures during outbreaks. Basic hy-
gienic measures and awareness about the symptoms and
specific risks associated with viral gastroenteritis for per-
sons working in the food chain would also reduce the risk
of food-borne viral disease. Realistically, however, we
expect to see more norovirus outbreaks, including (large)
food-borne events. Is this a problem? After all, norovirus
infections in the vast majority of people result in mild,
self-limiting disease. Therefore, the discussion about the
importance of control measures for noroviruses is based
on cost-benefit analysis. From a virological point of view,
however, having poorly controlled food-borne transmis-
sion of viruses with exposure of people to multiple vari-
ants should be a cause of serious concern.

Marion Koopmans
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