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SUMMARY

We investigated an outbreak of norovirus that affected students and teachers of a high school in
Lleida, Spain through various transmission mechanisms. A case-control epidemiological study of
the risk of disease and the relative importance of each mode of transmission was carried out.
Cases and controls were selected from a systematic sample of students and teachers present at the
school on 28 January. Faecal samples were taken from three food handlers and 16 cases. The
influence of each factor was studied using the adjusted odds ratio (aOR) and the estimated
population attributable risk (ePAR) with 95% confidence intervals (CI). We interviewed 210
people (42 cases, 168 controls). The proportion of symptoms in these individuals was nausea
78·6%, vomiting 59·5%, diarrhoea 45·2%, and fever 19·0%. The epidemic curve showed
transmission for at least 4 days. The risk of disease was associated with exposure to food (aOR
5·8) in 66·1% of cases and vomit (aOR 4·7) in 24·8% of cases. Faecal samples from 11 patients
and two food handlers were positive for norovirus GII.12 g. Vomit may co-exist with other
modes of transmission in norovirus outbreaks and could explain a large number of cases.
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INTRODUCTION

Noroviruses have been associated with antigenic
changes that lead to regular epidemics [1, 2]. The res-
ervoir and source of norovirus infection are persons
with acute disease [3, 4]. Studies in volunteers have
revealed totally asymptomatic acute infections that
may be an important source of infection [3, 4] and

could result in chronic carriers [5]. The infectious
dose is very low (<18 viral particles) [6] and it is esti-
mated that 1 g faeces may contain 5 billion infectious
doses. Noroviruses are one of the main agents respon-
sible for outbreaks of acute gastroenteritis [7].

Waterborne [8] and foodborne [9–11] transmission
have been demonstrated by many observational epi-
demiological studies [12, 13]. However, person-to-
person transmission via surfaces or direct contact
with infected persons is more difficult to prove. In
norovirus outbreaks, transmission by vomit is an
accepted route, but empirical evidence is limited and
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the proof often comes indirectly by ruling out food
or water or from descriptive studies [14]. In some
outbreaks, these difficulties are even greater because
different transmission mechanisms are present simul-
taneously [15, 16]. However, as vomiting is a frequent
symptom in patients with norovirus gastroenteritis,
transmission by vomit (directly or through surface
contamination) may explain a large proportion of
cases in outbreaks with proximity between cases and
susceptible people. Furthermore, vomit could co-exist
with other transmission mechanisms that might initi-
ate the outbreak, such as food, water, or contact
with a case or contaminated fomites.

In January 2010, an outbreak of gastroenteritis was
detected in a high school in Lleida, Spain. In most
cases, symptom onset was on the day before notifica-
tion of the outbreak: some cases had presented with
vomiting within the high school and most consumed
food in the school dining room, which has its own
kitchen.

The aim of this study was to investigate an outbreak
of norovirus gastroenteritis in a high school and to as-
sess the relative importance of transmission by food,
vomit, or contact with cases.

METHODS

On 27 January 2010, an outbreak of gastroenteritis
that affected students and teachers of different ages
and school years was detected in a high school in
the city of Lleida, Spain. The school had 573 students
aged between 12 and 18 years grouped into six aca-
demic years [first, second, third and fourth years of
obligatory secondary education (12–16 years) and
first and second years of baccalaureate (17–18
years)] and 65 teachers. In many cases, symptoms
had begun on 26 January and most cases had con-
sumed food in the school dining room, which has its
own kitchen. On the day the outbreak was notified,
approximately 150 students had not attended school,
mostly due to gastroenteritis, although the school
had no register of the causes of absenteeism.

Three food handlers worked in the school kitchen.
The head chef presented nausea without vomiting on
24 and 25 January. On Monday 25 January, the
chef cooked the day’s food but could not finish the
workday due to gastrointestinal discomfort. Some
affected students had also vomited in different places
in the school (restrooms, classrooms, corridors, but
not in the dining room). Restrooms were common
for the dining room and classes but there was no

evidence that sick students used them before con-
sumption of food on 25 and 26 January. The food
served was macaroni, sausages with tomatoes, and
fruit on 25 January, and soup, roast chicken and
fruit and/or yogurt on 26 January. All food was
cooked on the same day it was consumed, and was
served by the food handlers on metal plates.
Students and teachers collected the food and ate it
in the dining room next to the kitchen. The school
used water from the municipal network and also
had a water deposit and a chlorinator. This back-
ground led to the hypothesis of an outbreak of gastro-
enteritis that affected students and teachers caused by
consumption of food and/or person-to-person trans-
mission and/or vomit (directly or through surface con-
tamination) from infected persons.

An epidemiological case-control study of the risk
associated with eating food in the school, being a
close contact of a classmate with gastroenteritis (sit-
ting next to a gastroenteritis case in class) and being
exposed to vomit (<1 m distance) was made. In add-
ition, the relative importance of each mode of trans-
mission was estimated.

The case definition used was: being a student or
teacher at the school who had vomiting and/or diar-
rhoea or 52 of the following symptoms: nausea, ab-
dominal pain, or fever, between 23 and 29 January
2010 and who were at school on 28 January when
interviews were made. Cases and controls were
selected from a systematic sample of the general list
of students and teachers.

The three food handlers were interviewed and asked
about the handling of food, and were provided with
material for the collection of clinical samples. A
health inspection of the kitchen was made and water
and food samples were taken.

Clinical samples were taken from 16 patients and
three food handlers. Samples were pre-screened
using standard microbiological tests to rule out
bacteria (Salmonella, Shigella, Yersinia, Vibrio,
Campylobacter, Aeromonas, verotoxigenic E. coli),
parasites, rotaviruses and adenoviruses. Screening
for norovirus was performed using two one-step quan-
titative reverse transcriptase–polymerase chain reac-
tion (qRT–PCR) assays. Samples were analysed
using a duplex qRT–PCR assay based on the primers
and hydrolysis probes described by Kageyama et al.
[17]. Genogroups were assigned after amplification
by semi-nested RT–PCR of the ORF1/ORF2 junction
region (region C) as previously described by Pérez
et al. [18].
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Qualitative variables were expressed using percen-
tages and 95% confidence intervals (CI) and quantita-
tive variables by calculating the mean and standard
deviation (S.D.). The epidemic curve was constructed
using 39 cases out of the 42 in which symptom onset
could accurately be determined. The number of
cases was placed on the y axis and the time of symp-
tom onset on the x axis. To calculate the days of trans-
mission, we subtracted the minimum incubation
period (24 h) from the first case in the epidemic
curve and the maximum incubation period from the
last case. Statistical associations were determined
using the χ2 test, with the level of statistical signifi-
cance set at 0·05. The influence of each factor on the
risk of disease was studied using the odds ratio (OR)
and its 95% CI. The adjusted ORs (aORs) were calcu-
lated using an unconditional logistic regression model
including age group, sex and the three factors involved
in order to estimate the independent involvement of
eating food in the dining room, exposure to vomit
(directly or through surface contamination) and
being in close contact with cases.

The fraction of the risk of gastroenteritis attribut-
able to each factor in the overall study was estimated
using the prevalence of exposure in all those inter-
viewed by estimating the population attributable risk
(ePAR):

ePAR = p OR− 1( ) /p] [
OR− 1

[ )+ 1
( ])× 100,

where p is the prevalence of exposure for the respective
factor detected in all respondents.

Research ethics committee approval was not required
as this was a public health problem regulated by legisla-
tion on diseases under public health surveillance.

RESULTS

Of the 641 people exposed (573 students, 65 teachers,
three food handlers), a systematic sample of 210 (42
cases, 168 controls) were interviewed. With respect
to controls, cases had a similar proportion of females
(59·5% vs 57·7%) but a slightly lower mean age (14·9
± 6·0 vs. 18·3 ± 10·4 years). On the day the outbreak
was notified and the following day student absentee-
ism was 28·4% (163/573) and 25·1% (144/573), re-
spectively, and affected all school years (Table 1).
Although the school had no specific register of the
causes of absenteeism, as the absenteeism baseline in
this school was below 1%, we calculated that at least
25% of students (143/573) had not attended classes
due to gastroenteritis. The main symptoms were:

abdominal pain in 90·5% (38/42), nausea in 78·6%
(33/42), vomiting in 59·5% (25/42), diarrhoea in
45·2% (19/42) and fever in 19·0% (8/42) of cases,
and most recovered within 48–72 h. In three cases
we were unable to assess the time of onset of symp-
toms accurately. The epidemic curve, constructed
from 39 (92·9%) cases in which the day and time of
the first symptom was identified, showed that trans-
mission had been maintained for at least 4 days and
was consistent with foodborne and person-to-person
transmission (Fig. 1). Six cases presented before the
consumption of food on 25 January (one was the
chef), the highest number of cases (20/39, 51·3%) pre-
sented on 26 January after consuming food and the
last cases were detected on 28 January.

All food consumed on 25 and 26 January (except
fruit on 26 January) was closely associated with the
risk of disease (Table 2). Consuming food in the din-
ing room on the 25 and 26 January, a history of con-
tact with a case, and exposure to vomit at a distance of
<1 m were also associated with the risk of becoming ill
(Table 3). In the multivariate logistic regression ana-
lysis, consuming food in the dining room (aOR 5·8,
95% CI 1·8–19·3) and exposure to vomit (aOR 4·7,
95% CI 2·0–11·2) were associated with the risk of be-
coming ill, while contact with a case was not signifi-
cant (Table 3). Because exposure to food was greater
than exposure to vomit, exposure to food may be sta-
ted to have been responsible for a greater number of
cases. Thus, according to the ePAR, food consump-
tion would explain 66·1% (95% CI 85·4–31·0) of
cases and exposure to vomit 24·8% (95% CI 56·9–3·5).

Bacteriological analysis of water, food and stool
cultures from samples of patients and food handlers
were negative. In the PCR analysis, 11 faecal samples
from patients and two from food handlers tested posi-
tive for norovirus genogroup GII.12 g. One positive
food handler was the person who cooked the food
on 25 and 26 January and the other food handler,
who was totally asymptomatic, helped serve the
food. Seven days after the first sample, another sample
was taken from the two food handlers, which were
negative.

DISCUSSION

This study confirmed a norovirus outbreak that
affected students, teachers, and food handlers from
the same school and was transmitted by exposure to
contaminated food in 66·1% of cases and to vomit
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(directly or through surface contamination) in 24·8%
of cases.

The investigation showed the inherent difficulty of
outbreaks with multiple transmission routes, when it
is particularly difficult to prove both the source and
the transmission mechanism itself [15, 16, 19, 20]. In
addition, person-to-person transmission by contact
or from aerosols generated by vomit presents an
added difficulty [21–23]. However, the involvement

of food was consistent with the epidemic curve, the
days of consumption of food cooked by infected
food handlers, and the findings of the multivariate
analysis of the consumption of food in the school din-
ing room. The involvement of exposure to vomit
shown in the multivariate analysis is explained by
the episodes of vomiting experienced by many affected
students in the school restrooms, classrooms, and
corridors.

Table 1. Distribution of absenteeism among senior high-school students and teachers affected by a norovirus
outbreak by year and study coverage, Lleida, Spain

Students per year, teachers and food handlers Total
Students absent
27 January n (%)

Students absent
28 January n (%)

Interviewed
n (%)

1st-year ESO students 93 28 (30·1) 22 (23·7) 34 (36·6)
2nd-year ESO students 94 30 (31·9) 29 (30·9) 30 (31·9)
3rd-year ESO students 110 39 (35·5) 27 (24·5) 39 (35·5)
4th-year ESO students 89 32 (36·0) 24 (27·0) 32 (36·0)
1st-year baccalaureate students 92 19 (20·7) 26 (28·3) 25 (27·2)
2nd-year baccalaureate students 95 15 (15·8) 16 (16·8) 30 (31·6)
Total students 573 163 (28·4) 144 (25·1) 190 (33·2)
Teachers 65 17 (26·2)
Food handlers 3 3 (100·0)
Total 641 210 (32·8)

ESO, Obligatory secondary education (12–16 years).

Fig. 1. Epidemic curve of a norovirus outbreak in a high school, Lleida, Spain (n= 39). a Subtraction of the minimum
incubation period (–24 h) from the first case in the epidemic curve. b Subtraction of the maximum incubation period (–48
h) from the last case in the epidemic curve. c To calculate the days of transmission, we determined the time between the
dates resulting from subtracting the minimum incubation period from the first case [23 January (23/1)] in the epidemic
curve and the maximum incubation period from the last case [26 January (26/1)].
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The epidemic curve showed that some cases in stu-
dents occurred before exposure to food from the can-
teen, which could be explained by epidemic norovirus
activity in the community. This is consistent with the
relatively high incidence of norovirus in the population
and its periodic emergence [2, 24–28]. The food hand-
ler who directly cooked the food presented symptoms
compatible with norovirus gastroenteritis 2 days before
notification of the outbreak, with norovirus being
detected in faeces. Another, completely asymptomatic,
food handler who helped serve the food was also posi-
tive for norovirus. Conceivably, the symptomatic food
handler who cooked the food was the most likely
source of contamination [29], but the possible role of
the asymptomatic food handler as a source of infection
cannot be ruled out. The role of asymptomatic food
handlers in outbreaks is unclear: some studies suggest
they may present viral loads similar to those of symp-
tomatic food handlers and may be potential sources of
the contamination of food [3, 11, 29, 30].

As there were no cases of vomiting in the dining
room, the epidemiological analysis found that food

consumption in the dining room on 25 and 26
January was the main factor and it may therefore be
concluded that transmission occurred mainly due to
the food consumed. However, we cannot rule out
the possibility that, in some cases, the infection
could have been due to some other event in the dining
room, for example touching the handle of a ladle used
to transfer food to plates. The association found for
exposure to vomit in the restrooms, classrooms, and
corridors in the multivariate analysis (aOR 4·7) may
explain some of the cases who became ill without con-
suming food in the dining room. Furthermore, the
contamination of surfaces, onto which the droplets
of vomit containing norovirus could have landed,
may have produced some infections. Although the im-
pact of faecal contamination of surfaces may be small
compared to contamination of surfaces via vomit, it
may, in some cases, be a significant source of contam-
ination [31]. The involvement of vomiting in out-
breaks due to the formation of aerosols that can
remain in the air for some time and can then be
breathed in and swallowed or through contamination
of surfaces has been proposed [16, 19, 32]. Thus, ex-
posure to vomit could involve both of these mechan-
isms. As the infectious dose is extremely low, this
route may explain much of the transmission in non-
foodborne, non-waterborne outbreaks. This route
has been proposed repeatedly in outbreaks in nursing
homes [33], hospitals [34], schools [32] and in
travellers [35], where there is close contact between
travellers on buses [36], cruise ships [35] and aircraft
[17–19]. The involvement of direct contact with
cases, especially in centres for dependent persons,
such as nursing homes, has also been reported [14].
In the present study, close contact with cases was
not significant in the multivariate analysis, suggesting
a greater involvement of vomit in groups where per-
sonal contacts, such as in schools, are perhaps not
so close or continuous [14].

The relative importance of each transmission route
in the outbreak is difficult to establish, but given the
lack of exposure to vomit in the dining room and
the greater exposure to food, this explained a greater
number of cases (ePAR 66·1%) than vomiting
(ePAR 24·8%). Vomit was considered only when ex-
posure was at <1 m and therefore this should be con-
sidered the minimal involvement. In fact, although
increased distance reduces the risk [21], possible expo-
sures at greater distances have also been reported [22].
Taken together, consuming food and exposure to
vomit may explain up to 90% of cases in this

Table 2. Analysis of food consumed in the high-school
dining room affected by a norovirus outbreak, Lleida,
Spain

Food
Cases
n (%)

Controls
n (%) OR 95% CI

Macaroni
Yes 32 (76·2) 61 (36·3) 5·6 2·6–12·2
No 10 (23·8) 107 (63·7) 1

Sausages
Yes 32 (76·2) 60 (35·7) 5·3 2·6–12·5
No 10 (23·8) 108 (64·3) 1

Fruit (Monday
25 Jan.)
Yes 21 (50·0) 40 (23·8) 3·2 1·6–6·4
No 21 (50·0) 128 (76·2) 1

Soup
Yes 33 (78·6) 62 (36·9) 6·3 2·8–13·9
No 9 (21·4) 106 (63·1) 1

Chicken
Yes 31 (73·8) 61 (36·3) 4·9 2·3–10·5
No 11 (26·2) 107 (63·7) 1

Yoghurt
Yes 24 (57·1) 46 (27·4) 3·5 1·7–7·1
No 18 (42·9) 122 (72·6) 1

Fruit (Tuesday
26 Jan.)
Yes 4 (9·5) 13 (7·7) 1·2 0·4–4·0
No 38 (90·5) 155 (92·3) 1

OR, Odds ratio; CI, confidence interval.
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outbreak. The other cases might be explained by ex-
posure to contaminated surfaces. Indeed, some of
the cases attributable to exposure to vomit might
also be due to contaminated surfaces.

Our results have some implications. As vomiting is
a frequent symptom in patients with norovirus gastro-
enteritis, this study suggests that this transmission
mechanism may exist in most norovirus outbreaks.
Indeed, its relative importance could be greater if
vomiting occurs in spaces such as small rooms in resi-
dences or on public transport, due to the small volume
of air and proximity between persons. Furthermore,
its effect could be amplified by the contamination of
surfaces. Therefore, we suggest that vomit should be
studied as a mode of transmission in all norovirus out-
breaks, as it may co-exist with other modes of trans-
mission and explain a large number of cases.

Most cases recovered within 48–72 h, but the out-
break caused high absenteeism among students
(25·0%) which involved significant disturbance to
academic life, with a loss of school and work hours
in teachers, food handlers and students.

The same day the study was announced, consistent
control measures were established: handwashing be-
fore food consumption and after using the restroom,
inspection of the school to ensure the provision of
soap and paper for hand drying, the exclusion of all
cases from the school, including students, teachers
and food handlers until 48 h after the cessation of
symptoms, immediate disinfection of surfaces

contaminated by vomit and recommendations on gen-
eral disinfection of all surfaces with 1:1000 sodium
hypochlorite [7, 37]. No further cases were detected
in the 3 days following the introduction of these mea-
sures and therefore the outbreak was declared over.

The study has some limitations. When participants
were selected in the high school there was higher stu-
dent and teacher absenteeism than usual and it was
necessary to make a case-control study as the whole
cohort of exposed persons was not available. Thus,
the cases selected may not be representative of all
cases in the school. The case definition used, based
on two specific symptoms (vomiting and diarrhoea),
was quite specific but the possibility that some cases
could have been caused by other aetiologies cannot
be ruled out. Likewise, it has been estimated that up
to 30% of norovirus infections may be asymptomatic
[3, 37], and therefore some of the controls could really
have been cases. This may explain why some controls
did not become ill after consuming food in the dining
room. However, this would skew the results towards
the null hypothesis, which would further strengthen
the associations identified in the study. The involve-
ment of vomit was only assessed qualitatively for dis-
tances of <1 m, and therefore the possible
involvement of contact at greater distances [21, 22]
was not studied. However, some cases (at least 10%)
not explained by consumption of food or exposure
to vomit might be due to surface contamination.
Indeed, some of the cases attributable to exposure to

Table 3. Multivariate analysis of factors involved in a norovirus outbreak in a high school, Lleida, Spain

Factor Cases n (%) Controls n (%) cOR 95% CI aOR 95% CI

Sex
Female 25 (59·5) 97 (57·7) 1·1 0·5–2·1 1·1 0·5–2·5
Male 17 (40·5) 71 (42·3) 1 1 1

Age group, years
10–12 8 (19·0) 25 (14·9) 6·4 0·7–55·5 5·2 0·6–47·6
13–15 26 (61·9) 63 (37·5) 8·2 1·1–64·7 8·3 1·0–67·4
16–18 7 (16·7) 60 (35·7) 2·3 0·3–20·1 5·4 0·6–51·6
>18 1 (2·4) 20 (11·9) 1 1

Close contact with patient
Yes 18 (42·9) 28 (16·7) 3·75 1·8–7·8 1·4 0·5–1·4
No 24 (57·1) 140 (83·3) 1 1

Exposure to vomit
Yes 12 (28·6) 7 (4·2) 9·2 3·3–25·2 4·7 2·0–11·2
No 30 (71·4) 161 (95·8) 1 1

Consumed food in dining room
Yes 34 (80·9) 71 (42·3) 6·9 2·0–16·1 5·8 1·8–19·3
No 8 (19·1) 97 (57·7) 1 1

cOR, Crude odds ratio; CI, confidence interval; aOR adjusted odds ratio.
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vomit might also be due to contaminated surfaces.
Finally, the application of control measures coincided
with the closing of the school for the weekend and no
comprehensive monitoring was made in families
affected, therefore the effectiveness of monitoring
could not be documented.

The study has some public health implications. The
outbreak occurred in a context in which students and
food handlers attended school despite being ill. This
facilitated transmission through the consumption of
contaminated food and exposure to vomit, making
the explosive propagation of norovirus more likely.
The outbreak could have been avoided by initial
patients not attending school or work. Although the
effectiveness of excluding symptomatic food handlers
from work is unclear, there is agreement that infected
food handlers should be excluded until at least 48 h
after recovery [7, 38]. Samples taken from the two
food handlers 7 days after the first sample were nega-
tive and they returned to work, although elimination
of the virus may take more than 4 weeks and the use-
fulness of these control samples in food handlers is un-
known [7].

In conclusion, vomiting could co-exist with other
transmission mechanisms in norovirus outbreaks and
may explain a large number of cases. In addition, in
schools, high levels of hand hygiene must be main-
tained, including sufficient soap and paper in
restrooms, and sick children and food handlers should
be systematically excluded from school, especially if
they are suffering from vomiting.
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