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Norwalk like viruses: study of an outbreak
Q W SPENDER, D LEWIS, AND E H PRICE

Departments of Child Health and Microbiology, Queen Elizabeth Hospital for Children, London

SUMMARY An outbreak of acute non-bacterial gastroenteritis is reported, during which a ward
had to be closed, and stool samples from 15 patients showed a virus structurally similar to the
Norwalk agent.

IThe Norwalk agent derives its name from an
outbreak of acute non-bacterial gastroenteritis that
occurred in Norwalk, Ohio, in 1968.1 Subsequent
transmission of stool filtrates free of bacteria to
adult volunteers showed that the symptoms could be
reproduced,2 and immune electron microscopy
showed 27 nm particles.3 Even without antibody
these particles aggregate and have a fuzzy edge,
thought to represent a surface substructure, which is
beyond the limit of resolution of the electron
microscope to define further. Particles with a similar
appearance have been called Norwalk like viruses.4
An experienced microscopist can distinguish such
particles from other small round viruses seen in stool
preparations: these include astrovirus, calicivirus,5
and small round featureless viruses.6 There are at
least three antigenically distinct viruses in the
Norwalk like group,7 and the exact serotype can be
determined only by immune electron microscopy
using antibody from infected individuals. Such
antibody is not generally available in this country, so
the agents in our study could be classified only on
morphological grounds. The Norwalk like viruses
are thought to be ribonucleic acid viruses of
calicivirus type.8
Norwalk like viruses, in contradistinction to

rotaviruses, are regarded in the United States of
America as primarily pathogens of older children
and adults.9 In developed countries serum antibody
is acquired chiefly during adolescence, whereas in
Bangladesh 100% of children have been found to
acquire antibody by the age of 4 years. io The
population served by our hospital could be seen as a
mixture of these two extremes. Acquisition of
antibody does not protect against the disease and in
fact is associated with recurrent infections by the
same serotype of Norwalk virus." Thus infants are
not likely to be protected by maternal antibody.
The illness produced by Norwalk like viruses is

generally mild, lasting one to two days, with a

variety of symptoms, including nausea, vomiting,
diarrhoea, malaise, fatigue, headache, and low
grade fever. The incubation period is generally one
to two days,4 but may be up to three days. 12
Transmission may be by the faeco-oral route, but
may also be through vomit, which may be aerosol-
ised, and so cause airborne transmission. i3

Methods

Patients on the open ward were nursed with stan-
dard handwashing precautions between patients,
while those in cubicles were nursed with the extra
precautions of gloves, plastic aprons, and gowns.
Samples of stool were collected whenever a

diarrhoeal illness was suspected, usually because of

Figure Photomicrograph ofsmall round structured
viruses aggregating spontaneously in stool obtainedfrom
case 5.
Print magnification x2(X) 4(X): I mm=495 nm.
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Table 1 Temporal and spatial relations of diarrhoea, vomiting, and fever with electron microscopy visualisation of virus
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D= Diarrhoea, construed as a signiticant increase in the trequency o1 looseness N=Small round structured viruses ot Norwalk virus type scecn in stool passed
of stools. on this day.
V=Vomiting (not regurgitation). R=Rotavirus seen in stool passed on this day.
F=Fever of 37 5'C or more (axillary). O=Electron microscopy of stool passed on this day disclosed no virus.
W=Above a box means that the patient was in the open ward for all or part of OGES=Oral glucose electrolyte solution started on this day.
that day. Unmarked boxes indicate that the patient was nursed in a cubicle. Op=Surgery under general anaesthesia on this day; nil by mouth for a time

afterwards.
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144 Spender, Lewis, and Price

Table 2 Clinical details ofpatients, in chronological order ofoccurrence ofsmall round structured
viruses in the stool. The numbering of the days refers to Table I

Case 7-Diaphragmatic hernia repaired at birth. Admitted four
days before day 1 for treatment of a chest infection on the open

ward. He developed diarrhoea and vomiting on day 5, and a stool
specimen was sent on the first day of symptoms. Small round
structured viruses were seen the same day, and he was transferred
the following morning to the hospital's isolation ward, according to
surgical ward policy. His symptoms gradually settled on treatment
with oral glucose electrolyte solution: he required two regrades,
and had small round structured viruses in his stool again on day 9.

Case 2-Admitted with suspected non-accidental injury to the open
ward (day 4). She developed diarrhoea and vomiting on day 6, and
was put into a cubicle on the same day. She responded rapidly to
oral glucose electrolyte solution despite having a dual infection.

Case I-Pyloromyotomy and Ladd's procedure at 3 weeks of age.

He was admitted on day 1 with a 24 hour history of diarrhoea and
vomiting. He was febrile and drowsy. Cerebrospinal fluid, chest x

ray film, and blood cultures showed no infection, but rotavirus was

seen in the first day's stool. He responded very rapidly to oral
glucose electrolyte solution, but he then developed bile stained
vomiting, and x ray films showed the 'double-bubble' appearance

of duodenal obstruction. He improved after being taken over by his
surgical team on day 4, with nasogastric suction and intravenous
fluids, followed by gradual reintroduction of normal diet. He was

transferred to the surgical ward (B) on day 5. He did not pass a

stool for four days and was therefore moved out of his cubicle
before small round structured viruses were seen in the first stool he
had passed (day 8) since his episode of obstruction. He was then
rapidly discharged.

Case 3-Second admission with atopic eczema and failure to thrive.
He was admitted on this occasion for topical treatment and a diet of
'Nutramigen' only. He seemed to develop two distinct episodes of
symptomatic infection, the first single and the second dual. Neither
made him ill, but they both interfered with his weight gain.

Case 4-Admitted for investigation of failure to thrive, which was

found to be due to housing problems.

Case S-Cows' milk protein intolerance. She was admitted for a

jejunal biopsy, to be followed by lactose challenge and then milk
challenge. The lactose challenge had to be abandoned because of
symptoms related to brief carriage of Norwalk like virus.

Case 8-Congenital anorectal atresia and renal anomalies. The
former had been treated by colostomy, which made it impossible to
judge from the nursing records whether she had had diarrhoea. She
had had meningitis aged 3 weeks, with hydrocephalus and seizures
as sequelae. She was admitted on this occasion for control of fits.
Samples were sent because of her proximity to case 7. She had a

mild febrile illness associated with brief passage of small round
structured viruses.

Case 9-Spina bifida and hydrocephalus, treated surgically soon

after birth. She was transferred from her local hospital because of a

cerebrospinal fluid leak, and was noted before transfer to be
passing loose stools, so was put straight into a cubicle. Her
admission (day 12) specimen contained small round structured
viruses, as did subsequent specimens up to day 26. There was little

correlation between viral carriage and symptoms noted at the time,
but she did have a prolonged period of diarrhoea, attributable to
the viruses, which settled on treatment with oral glucose electrolyte
solution started on day 21. She subsequently developed rotavirus.
Her initial vomiting was thought possibly to be due to raised
intracranial pressure, and a prolonged fever was attributed to
problems with her shunt. A second period of diarrhoea could not
be associated with a virus. Her medical problems do not provide an
explanation for the apparently prolonged carriage of Norwalk like
viruses-but these may have comprised more than one strain.

Case 10-Admitted 44 days before day 1. He had subtotal villous
atrophy of uncertain cause, which responded to treatment with
'Alfare' formula feed; pelviureteric junction obstruction; and
transient abnormalities of T cell function. His immunity was
normal at the time of this infection. His symptoms show no clear
relation to carriage of small round structured viruses.

Case 11-Bronchiolitis. She had a brief episode of gastroenteritis
clearly associated with carriage of small round structured viruses,
but not severe enough to require treatment with oral glucose
electrolyte solution.

Case 6-Failure to thrive. On admission to the ward (day 5) she
was put in the cubicle vacated by case 1. On day 7 she was moved
out of a cubicle and was put back in when the ward was reopened
on day 13. Only one of a number of stools was seen to have small
round structured viruses, and she had mild symptoms over an eight
day period, at least some of which could be attributed to this.

Case 12-Admitted eight days before day 1, with pertussis. She had
frequent episodes of vomiting with coughing spasms, so 'V' was
entered in Table 1 only if this seemed to be more than usual. She
also seemed to have frequent loose stools, which settled on the one
occasion when oral glucose electrolyte solution was given, but did
not bear a very clear relation to carriage of virus (she was
discharged on day 29).

Case 13-Panhypopituitarism due to congenital toxoplasmosis. He
was admitted with hypernatraemia nine days before day 1; some of
his vomiting may have been related to electrolyte or cortisol
imbalance. He did, however, have mild diarrhoea and vomiting
associated with carriage of small round structured viruses, and this
may possibly have contributed to problems adjusting the dosage of
his replacement hormones (he was discharged on day 47).

Case 14-Elective hernia repair on ward B. She developed
gastroenteritis three days after discharge and was treated as an
outpatient in casualty because of a shortage of cubicles. After a
poor response to treatment with oral glucose electrolyte solution,
she was admitted to ward C, where her symptoms settled.

Case 15-T cell acute lymphoblastic leukaemia. She was receiving
intensive induction chemotherapy. A prolonged fever was
thoroughly investigated, and the only identifiable cause found was
a Norwalk like virus, whose stool carriage seemed also to be
prolonged. Her neutrophil count was negligible until day 34, and
did not begin to approach safe levels until day 45-much later than
envisaged in the treatment protocol, which therefore had to be
adjusted. This was blamed at the time on the virus.
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one or more loose stools, as a follow up on patients
already found to be excreting Norwalk like virus,
and on some contacts of infected patients. The
samples were sent for light microscopy, bacterial
culture, and electron microscopy (performed by
DL), according to ward policy, with the follow up
and contact specimens being sent for electron
microscopy only. Stool was not routinely cultured
for viruses (Norwalk like viruses cannot be isolated
in viral culture at present). Specimens of vomit were
not, unfortunately, sent for electron microscopy.

Stools were prepared as 30% suspensions in
distilled water and examined by a direct electron
microscopy method.'4 Some were stored at -20°C
before examination. All the viral particles observed
from the outbreak and classified as small round
structured viruses of Norwalk type had a similar
morphology, with an indistinct substructure, a fuzzy
edge, and an approximate diameter of 30 nm
(Figure).

Results

Table 1 shows the temporal and spatial relations of
diarrhoea, vomiting, and fever with electron micro-
scopy visualisation of virus. Each box represents a
day during admission. The 15 patients were those
found to have Norwalk like virus in stool specimens
sent during a 26 day period. This period was chosen
to include all possible links to the apparent out-
break. No other patients in the hospital were known
to have small round structured viruses during these
26 days. The key explains the symbols used. Ward B
is a surgical ward, the others medical. Potentially
relevant details were extracted retrospectively from
routine medical notes and nursing charts. Table 1
shows also when patients were in cubicles and when
on the open ward. Two of the patients had
apparently prolonged carriage and so are the sub-
jects of a continuation of the Table beyond the
arbitrary day 26.
Table 2 gives the reasons for admission and

additional clinical details of the patients.
No child became significantly dehydrated in

association with small round structured viruses.
Nine children were treated with oral glucose electro-
lyte solution, and only case 1 required additional
treatment for gastroenteritis. He required in-
travenous fluids at the time of rotavirus excretion,
and again at the time of duodenal obstruction, which
was interpreted as a complication of his previous
surgery, albeit in retrospect associated with infec-
tion by Norwalk like virus. Patient 15 required
intravenous fluids as part of her chemotherapy for
leukaemia.
Ward A had the most pronounced spatial and

temporal clustering of cases. Several nurses, the
ward teacher, and a physiotherapist also became ill.
No doctor admitted to having relevant symptoms.
Samples were unfortunately not received from any
of these adults. On all specimens sent bacterial
cultures were negative for salmonella, shigella,
enteropathogenic Escherichia coli, campylobacter,
and aeromonas species, as was light microscopy for
ova, cysts, and parasites, including cryptosporidia.
When it became clear, on day 8, that the number

of free cubicles in the hospital would not be
sufficient for the number of patients with loose
stools, ward A was closed to admissions, and treated
as one large cubicle. Patients were sent home when
possible, or regarded as non-infectious when at least
one stool specimen had no small round structured
viruses on electron microscopy. When the number
of patients giving rise to doubt had been sufficiently
reduced (day 13) these were transferred to indi-
vidual cubicles, and the ward was reopened.
The clinical picture of disease attributable to

Norwalk like virus in this study is generally mild. In
most children, it caused a brief episode of gastroen-
teritis; in a few of these the purpose of admission
was compromised (cases 3, 4, 5, and 6). In some
with pre-existent disease it seemed to contribute to
complications (case 1). Combined virus infections
including Norwalk like virus have been reported to
cause more severe symptoms than Norwalk like
virus alone,'5 and this may have contributed to the
clinical picture in case 1, but seems to be of no
relevance to cases 2, 3, or 9.
Because of the method of ascertainment of cases

there is clearly a bias towards the correlation of gut
symptoms with carriage of small round structured
viruses. The relation is nevertheless tenuous in some
cases (cases 8, 9, 10, and 12), suggesting that
asymptomatic infection may occur more commonly
than we have been able to show.

Discussion

Because the data are retrospective many un-
answered questions remain. The initial impression
of an 'outbreak' came not only from the number of
patients with symptoms of gastroenteritis on the
ward at once, but also from the number of staff who
became ill.
Even when a stool sample is sent at the time of

peak excretion of virus, electron microscopy is
almost certainly not as sensitive at detecting small
round structured viruses as at diagnosing rotavirus
infection. Allowing in addition for incomplete send-
ing of samples, there must have been significant
under ascertainment.

Identification of the pattern of spread is made
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highly speculative by the numerous possible modes
of transmission. Asymptomatic carriage enables
faeco-oral transmission to take strange routes.
Aerosol inhalation seems to occur,13 and adult staff
may, as with other viral infections, transfer the virus
in respiratory droplets. The virus must have quite a
high prevalence in the community to account for
cases occurring in our hospital all the year round.
Visiting adults and children may therefore transmit
the organism to inpatients. Also contamination of
surfaces is possible in spite of routine cleaning and
disinfection procedures and may have been a further
source of infection.
We had no way of distinguishing serotypes: two or

more7 may have been involved, and the patients
with apparently prolonged carriage (cases 9 and 15)
may actually have been reinfected with a different
strain, as has been described with rotavirus.16
As no overlap in medical or nursing staff could be

found between cases 7 and 2, nor any proximity of
address, it was considered that case 1 must be the
link between wards A and B, which was why he was
put first in Table 1. He shared surgical staff with
case 7, even before he moved wards, which might
explain a transmission, through vomit, that would
otherwise be backwards in time. There are, of
course, alternative explanations for the simul-
taneous occurrence of cases on the two wards: it
might even have been coincidence.
Case 2 developed a dual infection after two

asymptomatic days on the ward. Although she was
possibly incubating both the infections during these
two days, the evidence seems more in favour of the
hypothesis that she acquired them from case 1,
despite his being in a cubicle at the time.
The subsequent cases on ward A are unlikely to

have been coincidental, although case 9 on ward B
probably was.
The four patients in cubicles on ward C in whom

small round structured viruses were detected within a
two day period are very suggestive of a common
source. This was thought at the time to be the house
physician involved directly with the care of cases 6,
10, and 11, and indirectly with the care of cases 5,
12, and 13. He apparently had no symptoms.

Infection with Norwalk like virus was originally
thought to be a winter disease,' but outbreaks have
occurred at all times of year.8 In a previous study at
this hospital the peak incidence of Norwalk like
infections-presumably acquired in the community,
at least principally-was in March, April, and
May.15 The collection of cases we report here
occurred at the end of January and during February
(day 8=1 February).
Outbreaks of infection with Norwalk like viruses

are common world wide. A review of 24 such

outbreaks includes five common source epidemics,
due to contaminated water or food, and 17 episodes
in institutionalised communities.8 A minority of the
latter type have occurred in hospitals, including a
psychogeriatric unit,12 a maternity unit,'17 and a
children's asthma research institute.18 Patient to
patient spread was shown to be associated with
symptomatic excretion by nursing and medical
staff.'2 18

Conclusion

Nosocomial infection with Norwalk like viruses may
well be commoner than is generally realised. With
the benefit of electron microscopy identification on
morphological grounds, we have shown that signifi-
cant spread of infection, albeit causing a generally
mild illness, seems to occur in spite of standard
nursing procedures and even isolation precautions.

We thank Professor J A Walker-Smith for helpful advice and Mr
J H Spender for the typography of Table 1.
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