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Introduction

Diarrheal diseases affect millions of people world-wide, having the greatest
impact among children, especially in developing countries. They are also of public
health importance in developed countries and are associated with considerably
morbidity and a substantial number of hospitalisations among children and the
elderly (1). In these countries the estimated median percentage of diarrheal episodes
in children associated with specific agents was given by Bern et al. (1) as approxi-
mately 30% caused by rotaviruses, 15% by bacteria, and 15% by other viruses.
However, in about 40% of the episodes an agent was not recognised.

Until 25 years ago the causes of acute non-bacterial gastroenteritis were un-
known, even though John Zahorsky, an American paediatrician, described a syn-
drome which he named winter vomiting disease in 1929 (2). A viral agent was first
described by Kapikian et al. in 1972 (3) to be the etiological agent of the syndrome
following an outbreak in Norwalk Ohio (4) in 1969.

Two patterns of disease exists endemic and epidemic non-bacterial gastroente-
ritis. Food and water seem to play an important role in epidemics. Foodborne or
waterborne diseases, defined by WHO as «a disease of an infectious or toxic nature
caused by, or thought to be caused by, the consumption of food or water» (5), are
an important burden of communicable diseases in developed countries. The Cen=
tres for Disease Control and Prevention (CDC) in Atlanta, USA, estimate that
contaminated food causes 6.6 million acute illnesses and 9000 associated deaths
annually in the US alone. Unlike many other communicable diseases, foodborne
illness is largely preventable in developed countries (6). Those most at risk are
usually infant, the very old or those debilitated by pre-existing conditions such as
AIDS (7). Although episodes of diarrhoea usually are of acute character, studies
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suggest that there is also a chronic component in about 1% of affected people who
may develop long-term sequelae (7).

Foodborne viral gastroenteritis is of emerging importance (7) and several viruses
have been identified as etiological agents. The WHO defines a foodborne outbreak
as «<compromising two or more people having a similar illness after eating the same
food and on the whole, some level of epidemiological evidence indicating the
implicated food as a common factor to those ill, or isolation of the disease-causing
agent from the food, is required» (8). Transmission by food or water has been
documented for astroviruses, caliciviruses, rotaviruses and a group defined as
«small round structured viruses» (SRSVs), also known as Norwalk-like viruses (9).
However, the diagnosis of viral gastroenteritis is far from routine, and the etiolo-
gical agents not always easily identified. In this article the possible agents of
foodborne and waterborne viral gastroenteritis are reviewed.

Astrovirus

Classification

Astroviruses were first described in 1975 (10). The genome organisation lead to
the establishment of the family of Astroviridae (11, 12) with human astrovirus 1

(HAstV-1) as type species (13). Seven serotypes of human astroviruses were repor-
ted (13-16).

Virology

Astroviruses are single stranded RNA viruses of 28-30 nm, non-enveloped and
of cubic symmetry (fig. 1). The particles have a characteristic morphology of round
smooth edges with multiple triangular electron-lucent areas and an electron dense
centre, which results in a star-like appearance (17).

Endemic disease

Astroviruses are distributed world-wide. Infections occur throughout the year
but peaks during winter (15) and spring (14) are recognised. The illness is most
common among one to three year old infants (14). An antibody prevalence survey
of children in Oxfordshire, UK showed a rise from 4% in 6-12 month old to 64 %
in three to four year olds, and 87% in five to ten year olds (18). A study into the
prevalence of astroviruses was undertaken in the same area and involved the
serotyping of 291 astrovirus positive stools collected between 1976 and 1992 and
showed 64.9% were serotype 1. Other serotypes varied in frequency between
1%—7% (14, 15). The infections were also more frequent in the last quarter of the
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Fig. 1. Astroviruses (Kindly submitted by Dr. E.O. Caul, Public Health Laboratory Bristol,
UK)

year. During the last five years of the study serotype 1 occurred with greater
frequency in alternate years (16).

Astroviruses appear to be the most common causes of diarrhoea in immuno-
compromised adults with human immunodeficiency virus infection (HIV) (19).

Clinical syndrome

The incubation period is between three to four days (14, 15, 17), however, CDC
reports an incubation period of 24 to 36 hours (20). Other authors describe
incubation periods of 1 to 4 days (21). The main symptoms are fever 237 °C,
headache, malaise, anorexia, nausea, abdominal pain (20), occasionally vomiting
occurs (15); within 24 hours of systemic symptoms the diarrhoea begins, typically
unformed or watery with two to six episodes per day, which may last two to 14
days (14, 15). Virus excretion usually continues for the duration of the diarrhoea
(15), but chronic infections in the immunocompromised have been reported (14).
Complications following astrovirus infections are temporary monosaccharide in-
tolerance for one to two weeks and in very rare cases intolerance to cow’s milk
protein for 10 to 16 months (15).

Outbreak characteristics

Outbreaks mainly occur in the family, nurseries and in paediatric wards. Others
are associated with eating oysters or drinking contaminated water (14). Kurtz
describes an outbreak in an old peoples home with astrovirus type 1 with an attack
rate of 80% among residents, and 44% among staff (14). Adults are rarely affected
(14), and only a few food associated outbreaks are reported in the UK (14). One of
the first foodborne outbreaks described was associated with eating oysters which
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were infected by Norwalk viruses and astroviruses simultaneously. Contamination
with both viruses lead to characteristic symptoms after the specific incubation
periods of 24 hours and four days respectively. Mixed infections within one
outbreak are quite common, especially in seafood (14). Food and waterborne
outbreaks are rare (15) but in 1994 a large outbreak of acute gastroenteritis associa-
ted with astrovirus type 6 among students and teachers in Osaka, Japan, was
reported. This outbreak affected more than 4700 people and lasted for five days and
was believed to be linked to a common supplier, although no specific epidemiolo-
gical investigation was undertaken. Attack rates were not calculated because the
denominator was missing. In an outbreak in a kindergarten an attack rate of 50%
was reported with secondary transmission of the illness to families occurring in one
third of the cases (22). The isolates of the Osaka outbreak caused by astroviruses
have been identified and confirmed with solid phase immune electron microscopy
(SPIEM), enzyme immuno assay (EIA), reverse transcriptase polymerase chain
reaction (RT-PCR), and virus isolation in CaCo-2 cells. The illness was reported
to be relatively mild but with a high attack rate, contrary to volunteer studies. The
outbreak was widespread and abrupt throughout the school system. This outbreak
was the largest viral gastroenteritis outbreak associated to astrovirus (23).

Management of foodborne/waterborne outbreaks

Basically all viral gastroenteritis may be managed the same way to prevent
further spread. The measures given for Norwalk virus may be principally used for
astroviruses also.

Mode of transmission

The mode of transmission in astrovirus infections may be via the faecal-oral
route directly or indirectly via fomites, food, and water. Another route is person-
to-person spread in families, nurseries, and paediatric wards where infections may
be endemic (14). Recently astrovirus has been associated with bathing waters (24).
The risks to windsurfers and yachtsmen of virus infections was described in an age
matched study, 93% of surfers had serological evidence of exposure to astrovirus
type 4, compared with 22% of the controls who did not bathe in the sea. All the
surfers had suffered diarrheal illness in the previous 12 month, whereas only 39%
of the controls reported a similar event.

Consumption of contaminated water and shellfish have given rise to outbreaks

in the UK (14).
Diagnosis

Electron microscopy is the method of choice. Astroviruses may be seen from
one day before the onset of diarrhoea and may persist in faeces for two to four days
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(15). Only about 10% of particles show the star like appearance, which results in
an underestimation of astrovirus incidences, because these particles will be labelled
as small round structured viruses (SRSV) (15). Astrovirus does not grow in con-
ventional tissue cultures.

Environment

Astroviruses are found in different animals but no cross reaction between the
different astroviruses from animal sources and human astrovirus is described (13,
15). Astroviruses are acid stable (pH 3) for one hour, and do survive at 50 °C for
30 minutes, at 60 °C the concentration of viruses drops three log in five minutes
and six log in 15 minutes. Additionally they resist inactivation with alcohols, and
are stable to lipid solvents (14, 15).

Immunity

High titres in most developed countries (14) are found and 75% of British
children for example have acquired antibody by the age of ten years (18).

Conclusions

Astrovirus is an important cause of outbreaks of diarrhoea among children
attending day care centres. More frequently younger children are infected, and
often asymptomatic infections occur (25). The viruses are distributed world-wide
and are associated with about 2-8% of acute nonbacterial gastroenteritis in child-
ren. The predominant feature of the infection in humans is a selflimiting gastroen-
teritis (13). The role of foodborne and waterborne outbreaks seems to be anecdotal
and rare. Nevertheless such outbreaks do occur as exemplified by the Osaka
outbreak (23). Other routes of infections via the environment for example water
for recreational purposes are under discussion.

Human calicivirus (HuCV)

Classification

The first description of the HuCV was in 1976 (26). Immuno-electron micro-
scopy (IEM) studies have shown that there are at least five strains of HuCV (27).
Early nomenclature describes the agent as «classical caliciviruses» (28) with the
serotypes UK1-UK4 (29).
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Virology

Caliciviruses have a characteristic surface morphology and are single stranded
RNA viruses of 30-40 nm (28). They are non-enveloped and of spherical symmetry.
The particles have a characteristic morphology (fig. 2) when viewed along their
two-(four hallows), three- (Star of David), and five fold (ten-spiked sphere) axes.
They contain of 32 cups (calices) on the surface which are used to describe the family
(30).

Endemic disease

Surveys in different countries of children with gastroenteritis have been perfor-
med and the prevalence of children excreting HuCV was 1.3% (Norway), 1.8%
(UK), 1.2% (Japan), 0.5% (Australia), 0.3% (USA) and 1.5% (China) (30). Based
on antibody-prevalence studies of pooled immunoglobulin and serum samples of
different areas of the world, most people appear to be infected by the age of 12 years
(20). The peaks of acquisition are found between six months and two years (30). A
seasonality is not yet known (20).

Clinical syndrome

The predominance of various symptoms varies between different outbreaks. In
adults, nausea, malaise, aching limbs, and headache in combination with diarrhoea
and vomiting are often reported (20, 30). These symptoms are indistinguishable
from those caused by Norwalk virus, or Norwalk-like viruses, and often are
described as «gastric flu» (30). Volunteer studies have reported the following
features: Incubation period: 12-72 hours with mild symptoms of 1-11 days duration

h Jron
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Fig. 2. Caliciviruses (Kindly submitted by Dr. E.O. Caul, Pu
UK)

blic Health Laboratory Bristol,
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with a mean of 3.6 days + 1.9 days (29). The CDC describes incubation periods of
one to three days, with illness lasting on average for four days (20). Upper
respiratory tract symptoms (20) are believed to be caused by co-infection with other
viruses such as echoviruses and adenoviruses (30).

Outbreak characteristic

The reported calicivirus outbreaks occurred mainly in institutional settings (20).
Cross-infection within hospitals, day-care centres, and homes for the elderly is
common (30). Attack rates vary with age. However, outbreaks with elderly persons
result in higher rates (nearly 100%) than adults (>30%) or children (24-66%). The
clinical symptoms vary with age. Most dominant are vomiting, diarrhoea, abdomi-
nal pain. Fever is not often reported (30). Asymptomatic persons may also oceu
and may serve as an important reservoir of infection. Two quite different epidemio-
logical patterns exist. The HuCV UK4 viruses have been associated with large
foodborne outbreaks due to cold foods, or shellfish harvested from contaminated
water. In these outbreaks high attack rates among all age groups are reported. On
the other hand, outbreaks caused by the type UK1 or UK2 particularly affect
children and are mainly spread by person-to-person, although nurses and parents
in close contact with sick children remained well (31).

Management of foodborne/waterborne outbreaks

Basically all viral gastroenteritis may be managed the same way to prevent
further spread. The description given for Norwalk virus may be used for HuCV
also.

Mode of transmission

Human caliciviruses are spread by four different routes (1) direct or indirect
faecal oral route via contamination of surfaces or hands (2), primary contaminated
food or water (e.g. oysters, clams, mussels, and water contaminated at source) (3)
secondary contaminated food by food handler (e.g. sandwiches, salads etc.) and (4)
by the airborne route through inhalation of aerosols of vomites or faeces (20, 30,
31).

Diagnosis

Diagnosis of the HuCV is almost entirely dependent on the use of electron
mICroscopy.
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Environment

The infectious dose of HuCV is believed to be as low as 10100 virus particles.
Caliciviruses can additionally remain infectious for several years (30).

Immunity

In some reported outbreaks of HuCV among children, mothers were rarely
infected, which suggests that young adults retain effective immunity from previous
exposures. But as mentioned above the epidemiological pattern of the different
strains remains unclear. In elderly people this immunity may wane (20).

Conclusion

HuCV and other caliciviruses play an important role in viral gastroenteritis.
Also the food and waterborne routes seems to be quite common. Together with
other caliciviruses (SRSV) as described below, this genus is the most important in
respect to food or waterborne outbreaks.

Norwalk Virus and Norwalk-like Viruses

Classification

The classification of Norwalk and Norwalk-like viruses is not easy as this group
cannot be cultured. Without sufficient antigens a classification of these viruses
remained difficult. As a result the viruses in this group have been given different
labels related with their place of isolation, or description by different authors.
Historically American authors defined viruses according to the first isolation (e.g.
Norwalk (4), Hawaii agent (32), Snow Mountain agent (33), Montgomery County
virus (34) etc.).

In 1982 Caul and Appelton proposed an interim scheme for the classification of
this group of viruses (fig. 3). Criteria selected were the size, the buoyant density
(BD) and the morphological feature for the grouping. Following this scheme
viruses with a size range between 30-35 nm, BD of 1.36-1.41 g¢/ml and amorphous
surface and ragged outline were described as small round structured viruses (SRSV)
(35). Therefore Norwalk and Norwalk-like viruses (e.g. Montgomery county,
Hawaii agent, Southampton, Taunton, Desert shield etc.) are classified within this
group. For practical reasons this scheme is useful and used to describe the epide-
miological situation of viral gastroenteritis in the UK.

Japanese authors on the other hand described their isolates as SRSV1 to SRSV9
(36). Later, British groups described four groups designated as SRSV UK 1 (Taunton
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Enterovirus
Size range 20-30 nm
BD 1.34 g/em®
eg Coxsackie BS
(cell culture derived)
Hepatitis A

Featureless Parvovirus
— No surface structure and Size range 18-26 nm
smooth entire outer edge BD 1.38-1.46 g/cm®
eg Mink enteritis
(cell culture derived)

Probable parvovirus
Size range 22-26 nm
BD 1.38-1.40 g/cm’
eg Wollan, Ditchling,
Cockle, Parramatta

Small
round ___|
viruses
5-6 pointed Astrovirus
—— surface star Size range 28-30 nm
BD 136-1.38 g/cm®
Structured Surface hollows Calicivirus
| Surfacestructureand/___| ____ ragged outline Size range 30-38 nm
or ragged edge »otar of David* BD 1.36-1.39 g/cm®
pattern
Amorphous surface Small round
ragged outline structured viruses
Size range 30-35 nm
BD 1.36-1.41 g/em’
eg Norwalk/Montgomery
County, Hawaii
UK (Taunton)

Fig. 3. Interims classification scheme for small round viruses (35). BD: Buoyant Density.

agent), SRSV UK2 (Norwalk agent), SRSV UK3 (Hawaii agent), and SRSV UK4
(Snow mountain agent), which also was correlated to SRSV9, the Japanese grouping
(37) or as Serotype 1 (Norwalk), serotype 2 (Hawaii), Serotype 3 (Snow mountain)
and Serotype 4 (Taunton) (38). American research groups classified Norwalk-like
viruses recently into six antigenic groups: the four types (UK1 to UK4) previously
defined in the UK and the Oklahoma agent described in their study (39).

Several different descriptions of these viruses were and are used in the literature.
Today, when first observed under the electronmicroscop, viruses are named human
caliciviruses (HuCV) or small round structured viruses SRSV by their morphology.
If this is typically caliciviral, membership of this family is likely. Viruses are named
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SRSV until the demonstration of caliciviral genome organisation, when the prefix
SRSV is replaced by HuCV. Thus viruses are termed SRSV or HuCV / origin of
sample / isolate number / year of isolation / country of isolation. Under this system
Norwalk-virus (NV) becomes HuCV / Norwalk / 8FIla /68 / USA (40).

Now, when more and more information on the genome organisation is available,
a new classification or sub-classification may be undertaken, based on different
methods, like sequencing of entire genomes, sequencing of conservative regions of
the genomes, amino-acid alignments and serological studies on the classification of
this heterogeneous group (41-47). Therefore we may expect new species descripti-
on and reorganisation of existing groups.

Following the classification and nomenclature of viruses of the international
committee on taxonomy of viruses, Norwalk and Norwalk like viruses are classi-
fied within the family of Caliciviridae in the genus of calicivirus and the species
human calicivirus (HuCV), (13). In figure 4 an example is given of the classification
of the human caliciviruses into three genogroups by phylogenetic analysis of a 266
base pair region of the RNA polymerase gene of different strains (Dr. J. Green,
Central Public Health Laboratory, Colindale, London, UK, pers. communication).
Similar trees were published elsewhere e.g. Carter et al. (40).

The serotypes 1 and 3 are represented in the genogroup I, whereas serotypes 2
and 4 are represented within genogroup II.

For epidemiological reports to the Communicable Disease Surveillance Center
at Colindale in London, UK (CDSC) the expression SRSV is used. Research groups
working in the UK have demonstrated, that the Bristol strain is responsible for
about 50%, the Mexico strain for about 40-45%, and other genotype I strains for
about 5-10% of all outbreaks caused by SRSV in the UK. Genotype IT has not been
identified in outbreaks (Dr. J. Green, Central Public Health Laboratory, Colindale,
London, UK, pers. communication).

Virology

Norwalk virus (NV) is the type species strain of a group of non-enveloped 27-32
nm viruses (28). They are non-enveloped, single stranded RN A viruses of spherical

——

: Hawail
Bristol

Snow Mountain ——Genogroup 1

r Mexico
L. Toronto virus

|

_[ Norwalk
Southampton — Genogroup I

Desgert Storm Virus 4538

Feline Calicivirus
—Genogroup I

--------------------------------------------------- Human Calicivirus 69

Fig. 4. Phylogenetic tree of Human Caliciviruses (HuCV), Reference see text.
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ARSI

Fig. 5. Norwalk viruses (Kmd y subm1tted by B B0, Caul Publzc Health Laboratory
Bristol, UK)

symmetry (fig. 5). The particles have a characteristic feathery outer edge and lack
a definite surface substructure but appear in certain orientations to have minor
surface indentations (28).

Endemic Disease

Norwalk and Norwalk-like viruses have been associated with epidemic viral
gastroenteritis in the USA. In the UK, SRSVs are more often reported in connection
with endemic disease. Sporadic cases may go unrecognised as may affected indivi-
duals will not seek medical attention and those that do may not have a stool
specimen examined and if they have it may not be examined for Norwalk-like
viruses (48). Analyses of microscopic reporting of gastrointestinal viruses in the
UK between 1985 and 1987 showed that SRSVs are frequently found in adults as
well as in children (49). Gray and co-workers reported that out of 3,250 serum
specimens collected in England in 1991 and 1992, 73.3% were positive for Norwalk
virus by testing with an indirect ELISA for antibody to Norwalk virus using
baculovirus-expressed capsid antigen. The prevalence of Norwalk virus antibody
differed with age and region. Adults older than 60 years being antibody positive.
The titers rise with age. Similar results were found in different countries (50). The
less developed a country the earlier in age individuals acquire antibodies.

Clinical Syndrome

The clinical features of Norwalk virus and Norwalk-like agents have been
studied in outbreaks and also in volunteers. Outbreaks caused by these agents are
characterised by median incubation periods of 24 to 48 hours, median duration of
12 to 60 hours, and a high percentage of patients with dlarrhoea, nausea, abdominal
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cramps, and vomiting, often projectile (51). In table 1 clinical characteristics for
confirmed outbreaks of Norwalk virus gastroenteritis are given (9, 51).

Children and young adults are likely to experience vomiting more frequently
than diarrhoea, but adults experience higher rates of diarrhoea than vomiting (4, 9,
51). Diarrhoea induced by Norwalk virus is also associated with malabsorption of
D-xylose and fat (52).

Outbreak characteristic

Numerous reports have described the course of outbreaks caused by Norwalk
and Norwalk-like viruses usually involving adults and older children. The places
where outbreaks occur are diverse and involve cruise ships, geriatric facilities,
hospital wards, emergency rooms, restaurants, recreational facilities, swimming
pools, hotels, restaurants, cafeterias, canteens, air craft carriers etc. (20, 51).

Norwalk and Norwalk-like agents induce a low background level of immunity
within a community. However, if an infected individual contaminates a common
source (food, water etc.) an explosive outbreak can occur (20). Additionally secon-
dary person-to-person transmission seems to be a characteristic feature of outbre-
aks with Norwalk-like viruses. Although secondary cases increase the number of
affected individuals and extend the duration of the outbreak, outbreaks are general-
ly limited to one to two weeks unless transmission is facilitated by a closed
environment (e.g. elderly peoples home) or prolonged by re-entry of successive
new and susceptible individuals (e.g. new set of passengers on a cruise ship) (20),
or overlapping cohorts of guests in a hotel (90).

The combination of incubation period, duration of illness, and relative frequen-
cy of reported symptoms is unlike those associated with outbreaks of bacterial
infection or intoxication and is believed by Kaplan et al. (51), Hedberg etal. (9) and
Liithi et al. (53) to be of descriptive value. Person-to-person transmission precipi-
tating outbreaks is believed to be the most common transmission route (54).

Table 1. Clinical features of confirmed Norwalk outbreaks (9,51)

Median % (range)

Characteristic 1976-1980 1980-1989
(n =38) (n=23)
Nausea 79 (51-100) 78 (33-99)
Vomiting 69 (25-100) 57 (16-81)
Diarrhoea 66 (21-100) 78 ( 9-96)
Abdominal Cramps 71 (17— 90) 60 (37-87)
Fever 37 (13— 71) 31 ( 3-52)
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Management of foodborne/waterborne outbreaks

The first aspect of managing a foodborne or waterborne outbreak must be to
prevent any further spread. Usually person-to-person transmission 1s the most
likely ongoing transmission route. A typical example was presented in the publi-
cation of Stevenson et al. (55).

Especially in settings with susceptible individuals living close together (e.g.
elderly homes, cruise ships, hotels etc.) the importance of personal hygiene must
be stressed. The removal of any potentially contaminated food and cleaning of
contaminated environments (e.g. toilet facilities, kitchen environment) is absolutely
essential. As soon as possible the source of the outbreak has to be traced, whether
it is primary foodborne, secondary foodborne or person-to-person spread. Inter-
viewing the kitchen staff about their health status (and their relatives and close
contacts e.g. children), and analysing the food eaten by whom it was prepared and
identifying possible risks (e.g. no heat process) can help to trace the source.

Primary contaminated food (e.g. oysters) must be traced back to their origin and
steps to withdraw the same batch of products from the market considered. Secon-
dary contamination of food must be investigated by identifying hygiene failure.
Critical control point analysis (HACCP) (56) can identify high risk areas and
practices which can be addressed to prevent future outbreaks. -

Meanwhile non heated food must not be served unless it was produced outside
the suspected area. Potentially contaminated food must — when samples have been
taken —be destroyed. The decontamination of kitchen surfaces and also toilets must
be performed using hot water and general purpose detergent which may be
followed by 500 ppm hypochlorite (54)

The most difficult part in managing a foodborne outbreak is to identify infected
food handler(s) followed by their exclusion from work until the risk of spreading
the virus is minimised. It must not be forgotten that staff must be sent home and
must not stay in areas (e.g. common rooms) where other staff may be infected
consequently. This includes also managerial staff and not only staff working with
food or patients. Exclusion for 48 hours after diarrhoea and/or vomiting has
resolved should be mandatory (51).

The guidance of the management of outbreaks of foodborne illness, published
by the Department of Health, UK, recommends an exclusion of persons who pose
a special risk until 48 hours after clinical recovery and 72 hours for children (57).
Hedberg and Osterholm (9), however, recommended in outbreak settings in Min-
nesota, USA, exclusion of ill food handlers for 72 hours. When there 1s evidence of
transmission among food handlers and transmission to patrons on multiple days,
these authors recommend closure of the restaurant for 72 hours to provide an
opportunity for the virus to «burn itself out».

In volunteer studies Graham et al. (58) concluded that the peak of viral shedding
was between 25 and 72 hours, and virus first appeared in stool at 15 hours after
inoculation of the 8FIIa NV strain. Virus was still shed seven days after inoculation.

Haruki and co-workers reported that the faecal shedding of SRSV particles in
two adult patients after oyster consumption occurred within five days of illness,
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thereafter, the concentration rapidly decreased but still on day eight of illness SRSV
was detectable in two patients (59). However, even though highly desirable to
exclude food handlers, the financial realities to the catering industry mean that this
is unlikely to be achlevable routinely (54). Individual solutions have to be found
for each outbreak separately balancing all aspects.

To prevent person-to-person spread movement of patients and staff must be
restricted. Whenever possible, the infected, and therefore infectious people should
be isolated, and social events which lead to crowding avoided. All people should
be encouraged to practice good personal hygiene (54).

Outbreaks of viral gastroenteritis which are waterborne demand investigations
to 1dentify the source of the contamination and drinking water must be disinfected
to prevent further spread within the community. For individual households boiling
of water for ten minutes is sufficient to inactivate viral agents of gastroenteritis (20).
For mass treatment of water supplies, concentrations of chlorine as high as 10 mg/I
are necessary (20).

Mode of transmission

The Norwalk and related viruses are transmitted by the faecal-oral route (28).
Contamination of food or ice, aerolisation of vomitus, and direct contact with an
infected person and fomites may all contribute to transmission (60). Raw shellfish
have been implicated in outbreaks of foodborne viral gastroenteritis. Outbreaks
occur following consumption of shellfish harvested from waters contaminated with
human sewage. Oysters, clams etc. filter virus particles from contaminated water
and accumulate them in their tissue (9). Although shellfish and oysters in particular
may be associated with outbreaks of foodborne viral gastroenteritis, transmission
from infected symptomatic and asymptomatic food handlers appears to be a
common and widespread transmission route (9). Characteristically cold food with
manual production steps like sandwiches, desserts, salads etc. are frequently invol-
ved.

Outb