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SUMMARY
The objective of this study was to investigate risk factors for norovirus-associated infectious
intestinal disease (IID) and asymptomatic norovirus infection. Individuals with IID and healthy
controls were recruited in a community-based study in England (1993–1996). This is the ﬁrst
risk-factor study to use viral load measurements, generated by real-time RT–PCR, to identify
cases of norovirus-associated IID and asymptomatic infections. Using multivariable logistic
regression the main risk factor identiﬁed for norovirus-associated IID was contact with a person
with IID symptoms. Infectious contacts accounted for 54 % of norovirus cases in young children
and 39 % of norovirus cases in older children and adults. For young children, contacts outside
the household presented the highest risk ; for older children and adults, the highest risk was
associated with child contacts inside the household. Foreign travel and consumption of shellﬁsh
increased the risk of norovirus-associated IID. Lifestyle and dietary factors were associated with
a decreased risk of both norovirus-associated IID and asymptomatic infection. No risk factors
were identiﬁed for asymptomatic norovirus infection.
Key words: Gastrointestinal infections, infectious disease epidemiology, Norwalk agent and related
viruses.

INTRODUCTION
Norovirus is the most common cause of infectious
intestinal disease (IID) in the community in highincome countries [1–4]. Norovirus infection has also
been identiﬁed in a substantial proportion of individuals with no IID symptoms in several community-based studies, with prevelances of up to 16 %
reported in high-income countries [1, 5–7]. Volunteer studies have demonstrated the occurrence of
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norovirus infection with no concurrent IID symptoms after experimental inoculation [8, 9].
While there is a large body of epidemiological evidence on the modes of transmission and risk factors
for norovirus-associated IID in outbreak settings,
relatively few studies have examined risk factors in the
community across all age groups [6, 10, 11], and risk
factors for norovirus infection without IID symptoms
(hereafter referred to as ‘asymptomatic norovirus infection’) have not been investigated. The aim of this
study was to identify risk factors for both symptomatic and asymptomatic norovirus infection in the
community.
The data are taken from the IID study in England;
a previous analysis of data from this study population
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examined risk factors for norovirus-associated IID,
diagnosed by electron microscopy, in individuals aged
o5 years [12]. The specimens from the IID study were
archived and have been retested using more sensitive
molecular methods to detect norovirus [13–15]. We
used the results from this retesting to identify cases of
norovirus-associated IID and asymptomatic norovirus infections, and looked for risk factors for both
symptomatic and asymptomatic norovirus infection,
across all age groups.

Table 1. Conceptual framework for analysis of risk
factors for norovirus-associated IID and asymptomatic
norovirus infection
Level

Variable

Distal factors

Age
Sex
Social class*
Household size (number of people)
Household age structure (number of
children aged <5 years)
Household crowding (number of people
per room)
Baby in nappies living in the household#
Pet ownership
Sharing a bathroom or toilet with another
household
Nursery/day-care attendance$
Breast feeding·
Hand hygienek

Intermediate
factors

Water sports
Foreign travel
Animal contact

Proximal
factors

Food (raw fruit/vegetables/shellﬁsh/meals
prepared outside home)
Household infectious contact
Infectious contact outside the household

METHODS
Recruitment
IID cases and healthy controls were recruited in the
IID study in England, conducted between 1993 and
1996 [12]. IID cases had acute diarrhoea or vomiting
and were recruited from either: (i) a prospectively
followed cohort in the community ; or (ii) after consultation with their general practitioner (GP) for IID.
Healthy controls, with no recent history of IID, were
recruited from within the community cohort or from
the registration lists of participating general practices
[16]. Controls were recruited concurrently to IID
cases and matched by age, sex and GP practice. No
participants were recruited in relation to recognized
IID outbreaks, they were only sporadic cases occurring in the community cohort or who presented to a
GP. IID cases and controls provided written, informed consent at the time of recruitment.
Epidemiological data
IID cases and controls completed a risk-factor questionnaire, providing information on social and demographic characteristics ; household characteristics and
daily activities ; and speciﬁc exposures related to IID.
Adults completed the questionnaire themselves ; a
parent or guardian completed the questionnaire on
behalf of children aged <16 years [16]. The speciﬁc
questionnaire items used in this analysis are given in
Supplementary File 1 (available online). The variables
created from these questionnaire items are shown
in Table 1.
Hand hygiene was captured as the response of the
person in the household responsible for food shopping and preparation to the statement: ‘It doesn’t
matter whether you wash your hands or not before
handling food ’ (response options were agree/disagree/
don’t know). Foreign travel was deﬁned as spending
one or more nights outside the UK in the past 10 days.
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* Social class was based on occupation of the wage-earner
in the household [51].
# Investigated as a risk factor only for children aged
o5 years and adults.
$ Investigated as a risk factor only for children aged
<5 years.
· Investigated as a risk factor only for infants aged
<1 year.
k Measured as the response of the person in the household
responsible for food shopping and preparation to the
statement ‘ It doesn’t matter whether you wash your hands
or not before handling food ’ – response options were agree/
disagree/don’t know.

Potentially infectious contacts were deﬁned as anyone
with IID symptoms ; these infectious contacts were
not enrolled in the study and therefore it was not
possible to determine the pathogen causing their
symptoms.
Specimens and testing
IID cases provided a faecal specimen during acute
illness and controls provided a specimen at recruitment. Norovirus was detected by electron microscopy
in the original study and all specimens with suﬃcient
volume remaining after testing were archived in
frozen storage [15]. All specimens, including those
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previously positive by electron microscopy, were subsequently retested for norovirus using a more sensitive
semi-quantitative real-time reverse transcription–
polymerase chain reaction (RT–PCR) [13].
There are ﬁve norovirus genogroups ; noroviruses
from two of these genogroups (I and II) cause illness
in humans. For this analysis, IID cases who were infected with genogroup II noroviruses were classiﬁed
as a case of norovirus-associated IID if they had a
faecal norovirus viral load, measured by semiquantitative real-time RT–PCR, above age-speciﬁc
viral load cut-oﬀs as deﬁned in a previous study [14].
No cut-oﬀ has been deﬁned for genogroup I noroviruses [14], so only those IID cases with genogroup
I norovirus infections detected by electron microscopy and conﬁrmed as positive by norovirus realtime RT–PCR were included as norovirus cases,
because the detection limit of electron microscopy is
at high viral loads that are associated with norovirus
disease [8, 17, 18]. These criteria were used to identify
IID cases with norovirus-associated IID, to ensure
that those IID cases shedding norovirus at low concentration, with disease caused by another pathogen,
were not included in the analysis.
Inclusion criteria and case deﬁnition
IID cases with disease attributed to norovirus
according to the above criteria were classiﬁed as
‘ norovirus cases ’.
Controls who had been free of diarrhoea and
vomiting for at least 10 days were eligible for inclusion in this study ; they were considered asymptomatic with respect to IID, although they may have
experienced other symptoms during the 10-day exclusion period. Controls testing positive for norovirus
by either electron microscopy or semi-quantitative
real-time RT–PCR, or both, were classiﬁed as ‘asymptomatic norovirus infections ’. Controls testing negative for norovirus by both electron microscopy and
semi-quantitative real-time RT–PCR were classiﬁed
as ‘norovirus negative controls’.
Recruitment, testing and classiﬁcation of norovirus
status are summarized in Supplementary File 2.
Conceptual framework
We investigated risk factors for norovirus-associated
IID, by comparing norovirus cases to norovirus
negative controls, and investigated risk factors for
asymptomatic norovirus infection, by comparing

asymptomatic norovirus infections to norovirus
negative controls.
We investigated exposures which are recognized
to be associated with norovirus-associated IID, or
which may be involved in these transmission routes.
A hierarchical conceptual framework [19] was used to
investigate risk factors, separately, for norovirusassociated IID and asymptomatic norovirus infection
(Table 1; Supplementary File 3 provides published
references to support the conceptual framework). The
conceptual framework had three levels: (i) distal factors, which are general characteristics and long-term
behaviours, e.g. socioeconomic and demographic information ; (ii) intermediate factors, which are speciﬁc
behaviours that may increase the risk of exposure for
a short time but are not necessarily always a direct
source of infection ; and (iii) proximal factors which
are a direct source of infection. Reporting of intermediate and proximal risk factors was limited to the
previous 10 days before symptom onset for norovirus
cases, and the 10 days before questionnaire completion for asymptomatic norovirus infections and
norovirus negative controls.
The intermediate and proximal risk factor models
were adjusted for higher level variables in the conceptual framework (i.e. distal factors for the intermediate risk-factor model and both distal and
intermediate factors for the proximal risk-factor
model). Indicator variables for GP practice and
month since the beginning of the study were added
to the proximal risk-factor models that included infectious contacts, to account for both geographical
and temporal variation in norovirus transmission.
Children aged <5 years and older children (aged
5–15 years) and adults were analysed separately.
There were insuﬃcient numbers of norovirus cases
with matched controls from the original recruitment,
who were norovirus negative by real-time RT–PCR,
to allow a matched analysis of risk factors for norovirus-associated IID. We used an unmatched analysis,
but, in addition to including indicators for time of
recruitment (month since beginning of the study) and
GP practice, we adjusted for the other matching factors, sex and age, to account for similarities between
norovirus cases and norovirus negative controls
introduced during recruitment [20].
Dealing with missing values
Two separate analyses were performed using : (i) all
participants, creating a categorical indicator for
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missing responses (missing indicator) ; and (ii) all
participants with missing responses imputed (multiple
imputation).
Missing responses in the explanatory variables included in the conceptual framework were imputed,
using imputation by chained equations, in Stata
v. 10.1 [21, 22]. The imputation prediction model,
which was used to select the most likely value for a
missing response, included all variables in the conceptual framework. In addition, indicator variables
for the following characteristics were included in the
multiple imputation prediction model : GP practice ;
month since the beginning of the study ; the route of
recruitment into the study (community cohort or GP
registration list) ; norovirus infection status; and the
norovirus season in England and Wales during
1993–1996 (deﬁned in Supplementary File 4). There
was no missing data in these indicator variables ; they
only informed the imputation of missing responses in
the explanatory variables from the conceptual framework. Twenty imputed datasets were created and
analysed together.
Regression modelling
The entire model selection process was performed
separately on the missing indicator and multiple imputation datasets.
Standard logistic regression models were ﬁtted
using Stata v. 10.1 [22]. The imputed datasets were
analysed using the ‘ ICE ’ suite of commands [21], in
which the logistic regression model is ﬁtted separately
to each of the 20 imputed datasets. The results are
then combined, to give one-point estimate for each
odds ratio, and standard errors that take account of
uncertainty in both the multiple imputation process
and the standard regression [21].
For each analysis, the distal risk-factor model was
ﬁtted ﬁrst and any variables with a P value <0.1 were
selected for inclusion in the ﬁnal model, for further
investigation of their eﬀects. This variable selection
process was repeated for the intermediate and proximal risk-factor models. The results presented include
variables with a P value <0.1 in the ﬁnal model.
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RESULTS
There were 237 norovirus cases, 344 asymptomatic
norovirus infections and 1721 norovirus negative
controls available for the analysis. Results from
the mulitple imputation models are presented in
Tables 2–4. The ﬁnal model for the missing indicator
analysis of risk factors for norovirus-associated IID
was identical to that from the multiple imputation
analysis, with very similar eﬀect estimates. Results
from the missing indicator analysis of risk factors
for norovirus-associated IID are provided in Supplementary File 5.
Risk factors for norovirus-associated IID in children
aged <5 years
Children from households where the main wageearner had a manual or unskilled occupation had
more than twice the odds of norovirus-associated IID
compared to those from non-manual occupation social classes (Table 2). Recent foreign travel greatly
increased the odds of norovirus-associated IID
(Table 2). Norovirus-associated IID was strongly
associated with contact with individuals with IID
symptoms (Table 2). While the odds were much
higher for contacts outside the household (Table 2),
they accounted for a similar proportion of norovirusassociated IID episodes as infectious contacts inside
the household [household infectious contacts: PAF
33 % [95 % conﬁdence interval (CI) 19–48] ; infectious
contacts outside the household: PAF 32% (95 %
CI 20–44)]. Taken together, infectious contacts inside
or outside the household accounted for 54 % of
norovirus-associated IID episodes in children aged
<5 years (95 % CI 42–66). For infectious contacts inside the household, the odds of norovirus-associated
IID were higher when the infectious contact was
another young child, compared to infectious contacts
aged o5 years, and the odds increased slightly with
the number of infectious household contacts (Table 4).
Eating fruit and raw vegetables was associated with
lower odds of norovirus-associated IID in children
aged <5 years, as was contact with animals during
this time.

Population attributable fractions (PAFs)
PAFs were calculated in Stata v. 10.1 from the ﬁnal
multiple imputation regression models, using the
AFLOGIT programme [23] within the ICE programme,
with user-deﬁned code (I. White, personal communication).

Risk factors for norovirus-associated IID in older
children and adults
Older children (aged 5–15 years) and adults living in a
household with a baby in nappies were at three times
the odds of norovirus-associated IID (Table 3). The
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Table 2. Risk factors for norovirus-associated IID in children aged <5 years in England, 1993–1996
Exposure prevalence (%)

Total
Social class
Non-manual
Manual/unskilled
Military
Housewife/student/carer
Missing
Foreign travel
Missing
Animal contact
Not sure
Missing
Raw fruit eaten
Pre-prepared raw salad or
vegetables eaten
Household infectious contact
Not sure
Missing
Infectious contact outside the household
Not sure
Missing

Norovirus
cases

Norovirus
negative
controls

81

461

Odds
ratio*

95 % CI

P value#

35.8
50.6
1.2
6.2
6.2
2.5
1.2

56.8
35.6
0.9
2.6
4.1
0.9
1.3

1.0
2.3
2.3
4.1

1.4–3.9
0.2–22.1
1.4–12.3

0.002
0.46
0.01

6.6

0.9–47.3

0.06

32.1
1.2
1.2
60.5
1.2

44.5
2.0
3.0
75.9
7.2

0.6
0.5

0.3–1.0
0.1–4.8

0.06
0.57

0.5
0.2

0.3–0.8
0.0–1.3

0.007
0.08

39.5
2.5
9.9
34.6
16.0
1.2

9.3
1.3
3.3
6.7
13.9
0.7

5.7
3.6

2.0–16.2
0.3–47.9

0.001
0.33

33.9
4.4

9.5–121.1
1.5–13.3

<0.001
0.009

CI, Conﬁdence interval.
* All odds ratios are from multiple imputation models and are adjusted for age and sex ; odds ratios for intermediate and
proximal risk factors are adjusted for higher level variables in the conceptual framework that were included in the ﬁnal model.
# P values are from a Wald test of regression coeﬃcients.

odds were also increased for older children and adults
living in households where at least one member was a
child aged <5 years (Table 3) and these two exposures
accounted for similar proportions of norovirusassociated IID episodes [living in a household with
children aged <5 years : PAF 20 % (95 % CI 10–30) ;
living with a baby : PAF 16 % (95 % CI 8–25)].
Individuals reporting recent contact with a person
with IID symptoms were at increased odds of norovirus-associated IID, but the risk was similar for
household contacts and contacts outside the household (Table 3). Infectious contacts accounted for
almost half of norovirus-associated IID in older
children and adults [household infectious contacts:
PAF 24 % (95 % CI 13–33) ; infectious contacts outside the household: PAF 22 % (95 % CI 13–30) ;
combined PAF 39% (95 % CI 29–49)]. For infectious contacts inside the household, the odds of
norovirus-associated IID were much higher if the

infectious contact was a child aged <5 years and the
odds increased with the number of infectious contacts
(Table 4).
Foreign travel and eating shellﬁsh increased the
odds of norovirus-associated IID in older children
and adults (Table 3). Shellﬁsh consumption accounted
for a small proportion of norovirus-associated IID
episodes in older children and adults (oysters and
whelks or winkles : PAF 2%, 95 % CI 0–4).
Consumption of fruit, recent participation in water
sports and contact with animals were associated with
lower odds of norovirus-associated IID (Table 3).
Risk factors for asymptomatic norovirus infection
Females had slightly increased odds of asymptomatic
norovirus infection [children aged <5 years, odds
ratio (OR) 1.4, 95% CI 1.0–1.9, P=0.07] ; older
children and adults (OR 1.4, 95 % CI 1.0–2.0;
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Table 3. Risk factors for norovirus-associated IID in older children (aged 5–15 years) and adults in England,
1993–1996
Exposure prevalence (%)

Total
Household structure
Single person household
Adults and children aged o5 years only
1 or more child(ren) aged <5 years
Missing
Baby wearing nappies in the household
Missing
Water sports in last 10 days
Missing
Foreign travel
Missing
Animal contact
Not sure
Missing
Oysters eaten
Whelks/winkles eaten
Raw fruit eaten
Household infectious contact
Not sure
Missing
Infectious contact outside the household
Not sure
Missing

Norovirus
cases

Norovirus
negative
controls

156

1260

4.5
53.8
30.1
11.5
25.0
1.9

6.9
71.0
14.1
8.0
9.0
2.9

10.3
7.7
7.1
1.9
19.2
3.8
5.8
1.9
1.9
71.8
26.9
4.5
12.8
26.9
20.5
2.6

Odds
ratio*

95 % CI

P value#

1.1
1.0
2.5

0.5–2.3

0.86

1.6–4.0

<0.001

2.9

1.8–4.6

<0.001

17.9
6.1

0.4

0.2–0.8

0.009

2.5
2.4
36.3
1.0
3.2

3.3

1.5–7.3

0.004

0.4
3.3

0.3–0.7
1.0–10.7

<0.001
0.05

0.1
0.1
82.5
6.7
2.5
9.8

18.3
20.5
0.6
4.9
2.2

1.5–226.6
1.6–265.7
0.4–0.8
2.7–8.8
0.7–6.9

0.02
0.02
0.006
<0.001
0.16

9.2
14.5
1.7

4.5
2.1

2.5–8.0
1.1–3.9

<0.001
0.01

CI, Conﬁdence interval.
* All odds ratios are from multiple imputation models and are adjusted for age, sex and social class ; odds ratios for
intermediate and proximal risk factors are adjusted for higher level variables in the conceptual framework that were included
in the ﬁnal model, except the presence of a baby in the household.
# P values are from a Wald test of regression coeﬃcients.

P=0.09). After adjusting for age and sex, both eating
salad (OR 0.6, 95 % CI 0.4–0.8, P=0.004) and participation in water sports (OR 0.6, 95 % CI 0.4–1.0,
P=0.06) were associated with lower odds of asymptomatic norovirus infection in older children and
adults. No other variables were associated with
asymptomatic norovirus infection. Supplementary
File 6 shows the odds ratios for the association of
asymptomatic norovirus infection with the factors
that were associated with norovirus-associated IID.
DISCUSSION
The major risk factors for norovirus-associated IID
were related to contact with an infectious person.

Foreign travel and consumption of shellﬁsh increased
the risk of norovirus-associated IID, while consumption of raw fruit and vegetables, participation in water
sports and contact with animals were associated with
a decreased risk of norovirus-associated IID. We
found no evidence that any exposure greatly increased
the risk of asymptomatic norovirus infection, although eating salad and water sports participation
were associated with a lower risk of asymptomatic
infection in older children and adults.
Infectious contacts accounted for more than half of
norovirus-associated IID in children aged <5 years
and almost half in older children and adults. The
importance of contact with individuals with IID for
transmission of norovirus has been reported in
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Table 4. Risk of norovirus-associated IID due to the number and age of household infectious contacts in
England, 1993–1996
Children aged <5 years

Older children and adults

OR*

95 % CI

P value#

OR*

95 % CI

P value#

Number of household infectious contacts
0
1
o2

1.0
1.6
2.9

0.8–3.1
0.8–10.3

0.15
0.10

1.0
1.4
5.8

0.8–2.4
1.7–19.3

0.26
0.005

Age of household infectious contact
No infectious contacts
1 or more child(ren) aged <5 years
Adults and children aged o5 years only

1.0
2.6
1.6

1.0–6.8
0.8–3.3

0.06
0.16

1.0
4.3
1.5

1.9–9.6
0.8–1.6

<0.001
0.172

OR, Odds ratio ; CI, conﬁdence interval.
* Odds ratios are from multiple imputation models and are adjusted for age, sex, social class and all other risk factors
included in the ﬁnal models shown in Tables 2 and 3, except a baby in the household for older children and adults and
infectious contact variable.
# P values are from a Wald test of regression coeﬃcients.

previous case-control studies [6, 10, 12] and there is
substantial evidence of person-to-person transmission
from outbreak investigations [24–26]. While neither
household size, nor crowding (the number of people
per room), aﬀected the risk of norovirus-associated
IID, we found that the age of household members was
a risk factor in older children and adults. Living in a
household with a baby or young children accounted
for a third of norovirus-associated IID in older children and adults. The highest incidence of norovirusassociated IID is in young children, so this association
may indicate that they are more likely to introduce
norovirus into a household than older individuals.
Furthermore, when a household contact with IID
symptoms was reported, the risk of norovirusassociated IID was greatest when this contact was
a young child. This pattern of transmission, from
young children to adults, was also observed in a large
household transmission study following a pointsource norovirus outbreak [27].
However, after calculation of the PAFs, a substantial proportion of norovirus cases were not attributed
to any of the recognized risk factors for norovirus
transmission. It is likely that some norovirus cases
failed to report contact with symptomatic individuals
because of poor recall or not knowing about the
symptoms experienced by individuals with whom
they had contact. In addition, it is possible that environmental contamination may contribute to the
transmission of norovirus leading to sporadic norovirus-associated IID, meaning that some norovirus

cases in this study did not actually come into direct
contact with a person with symptomatic norovirus
infection, but were in contact with surfaces contaminated by infected individuals.
In young children, the risk associated with infectious contacts outside the household was much
greater than that associated with infectious contacts
inside the household, although we found no risk
speciﬁcally associated with attendance at day care.
Norovirus causes symptomatic infection, with high
viral loads, in individuals of all ages [4], so there
is potential for transmission to children in a wide
variety of settings, not just through contact with other
young children in day-care settings. We also found no
protective eﬀect of breastfeeding against norovirusassociated IID in infants. Norovirus-speciﬁc immunoglobulin A antibody has been recovered from
breast milk [28], but the antigenic variation of noroviruses is complex [29, 30] and even strain-speciﬁc
immunity is believed to last no longer than a year
[31, 32].
Individuals of all ages who had recently travelled
outside the UK had an increased risk of norovirusassociated IID. This risk has been demonstrated in
previous studies [33], and may be attributable to
changes in risk behaviours while travelling, or exposure to a diﬀerent spectrum of norovirus strains.
However, recent foreign travel increases the likelihood that an individual with IID due to any pathogen
will present to a GP [34] ; the majority of the norovirus
cases in this study (73 %) were ascertained after
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presentation to a GP, rather than from the community cohort, but the prevalence of recent foreign
travel was very similar in GP and community norovirus cases (6 % and 5 %, respectively), so it is unlikely
that this association is due to the route of case
recruitment. It is possible that using cases recruited at
GPs may have caused the association between social
class and norovirus-associated IID in young children,
because substantially more community cases were
from non-manual occupational social classes (community cases 70 % vs. GP cases 41 %).
There was no evidence that hand washing was
protective against norovirus-associated IID, despite
many observational, intervention and laboratory
studies showing that hand washing with soap and
water is an eﬀective method for reducing the incidence
of infection with directly transmitted viruses [35, 36],
including norovirus [35]. Hand hygiene was not a
primary exposure in the IID study and was collected
speciﬁcally from the person in the household responsible for food shopping and preparation (not always
the study participant), only in relation to food preparation. In addition, normal hand-washing practices
used by study participants may not be as rigorous as
those used in experimental studies and participants
may also have falsely reported good hand hygiene
because this is a socially desirable response [37]. It is
therefore unlikely that this variable accurately captured the general hand hygiene behaviour of study
participants.
Published outbreak investigations have attributed
norovirus-associated IID to contamination of food
during preparation in restaurant and catering settings
[25, 26, 38], as well as to raw fruit and vegetables
contaminated during wholesale production [39], consumption of oysters and other shellﬁsh [40], and to
contamination of both drinking [41, 42] and recreational water [43, 44]. We were unable to examine
drinking-water exposures, but found that water sports
participation and raw fruit and vegetable consumption were actually protective against norovirusassociated IID, as was contact with animals. We
found no evidence of increased risk associated with
eating at restaurants or catered events. The reduced
risk associated with animal contact has been reported
in two previous case-control studies of communityacquired norovirus-associated IID in high-income
countries [6, 10] and water sports were associated with
a reduced risk of IID due to other pathogens in this
study population [12]. There are a number of potential explanations for these exposures reducing the risk
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of norovirus-associated IID : (i) they are correlated
with other lifestyle factors that are protective against
norovirus-associated IID [12] ; (ii) they do lead to
norovirus transmission but are repetitive, long-term
behaviours, so exposed individuals have higher levels
of norovirus immunity, due to regular immune
boosting ; or (iii) speciﬁcally for consumption of fruit
and vegetables, they have positive eﬀects on gut immunity or the balance of intestinal bacterial ﬂora,
increasing resistance to IID [12]. Further investigation
of the mechanisms underlying these associations may
provide novel approaches for preventing norovirus
disease. In contrast, oysters and other shellﬁsh, which
may be consumed less frequently than fruit and vegetables, and in which high-level norovirus contamination is common [45], did increase the risk of
norovirus-associated IID, although they accounted
for only a small proportion of norovirus disease.
Finally, although foods prepared in restaurants are
commonly reported as vehicles of infection in outbreaks, it is possible that breakdown in food hygiene
is relatively infrequent and therefore contributes little
to the overall population burden of sporadic norovirus-associated IID.
IID cases were recruited either after self-reporting
an episode of IID in the community cohort or after
presenting to a GP with IID ; no IID cases were
speciﬁcally recruited through outbreak investigations.
There were no items on the risk-factor questionnaire
asking about IID case involvement in a recognized
IID outbreak and although this information was
requested from participants by the study personnel
involved in case ascertainment and recruitment, it is
unfortunately incomplete for the majority of norovirus cases included in this analysis. It is therefore
likely that some of the norovirus cases were infected
during outbreaks. However, for a pathogen such as
norovirus, which is always transmitted between infectious persons, either directly through physical
contact, or indirectly via environmental or food contamination, the distinction between outbreak and
sporadic cases may be artiﬁcial in relation to the
transmission routes of these infections. Norovirus
outbreaks arise from the same epidemiological processes as sporadic cases. This is in contrast to pathogens such as Salmonella spp. or Campylobacter spp.,
which are zoonotic foodborne infections with minor,
secondary person-to-person spread, meaning that
outbreak and sporadic cases could potentially arise
from very diﬀerent underlying epidemiological
processes. Therefore, we believe that the inability to
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discriminate between sporadic and outbreak norovirus cases does not undermine the epidemiological
rigour of the analysis.
None of the exposures that increased the risk of
norovirus-associated IID were associated with
asymptomatic norovirus infection. The asymptomatic
norovirus infections detected in this study were
prevalent, not incident, infections. Asymptomatic individuals were recruited at random from the general
population and prior to determination of their norovirus infection status. It is possible that the transmission event leading to many of these asymptomatic
infections occurred outside of the 10-day retrospective
exposure period that was measured in the risk-factor
questionnaire, and would therefore not have been
captured in the responses. Norovirus has been detected by RT–PCR for at least 2 weeks after experimental inoculation in otherwise healthy adult
volunteers who did not develop diarrhoea or vomiting
[8]. Prolonged post-symptomatic shedding has also
been demonstrated in inoculated volunteers and
community cases, lasting from 1 to 8 weeks [8, 46].
Even for those individuals who were infected during
the questionnaire exposure period, if they did not
collect their specimen concurrently to questionnaire
completion, their norovirus infection status may not
correspond to the exposures reported. Only studies
with frequent and regular stool specimen collection
and testing, irrespective of disease status, could ensure
that proximal risk factors reported by individuals
with asymptomatic norovirus infection relate to the
transmission event. However, such studies are resource intensive and may be diﬃcult to justify, in
terms of the beneﬁts to patients, or improvements
in epidemiological knowledge, without ﬁrst demonstrating the importance of asymptomatic infections in
transmission.
This is the ﬁrst study of risk factors for norovirusassociated IID to use viral load to identify norovirus
cases, rather than using a positive RT–PCR result or
electron microscopy detection. Previous work has
shown that many IID cases that were norovirus
RT–PCR positive in the IID study had the same viral
loads seen in healthy controls (about 50% in this
study [4]), indicating that their norovirus infection
may not actually be the cause of their illness [14].
Including cases whose IID is not caused by norovirus
in the analysis would have introduced misclassiﬁcation with respect to the outcome. It is likely that IID
cases with low norovirus loads have disease caused by
a range of other gastrointestinal pathogens, so it is

diﬃcult to predict the consequences of incorrectly
including these other cases in an analysis of risk
factors for norovirus-associated IID. Using viral load
to diagnose norovirus-associated IID substantially
reduces the occurrence of this type of outcome
misclassiﬁcation, although it may not eliminate it
completely. It is also possible that some IID cases
with disease caused by norovirus were incorrectly
excluded from this analysis because they had viral
loads below the cut-oﬀ, due to specimen collection
after symptom resolution (when norovirus viral loads
quickly decrease [8]) or because the sensitivity of
the cut-oﬀ is not 100%. However, this type of outcome misclassiﬁcation is unlikely to have aﬀected the
results of this analysis unless the incorrectly excluded
norovirus cases diﬀered systematically from those
norovirus cases that were included in the analysis.
While we were able to use a published viral load
cut-oﬀ for classifying norovirus aetiology in genogroup II-infected IID cases, there is no published
cut-oﬀ for norovirus genogroup I. We therefore
limited the inclusion criteria for genogroup I norovirus-infected IID cases to those that were positive
by electron microscopy and subsequently conﬁrmed
by real-time RT–PCR. This does mean that genogroup I norovirus cases were underrepresented in the
analysis, but comparison of risk factors between the
genogroups was not the aim of the analysis, and even
if a genogroup I cut-oﬀ had been available, it is unlikely that there would have been suﬃcient numbers
of genogroup I-infected norovirus cases and controls
for such a comparison. There have been no studies
comparing risk factors between norovirus genogroups or genotypes, so it is unclear what eﬀect, if
any, grouping them together in the analysis might
have had on the results. However, evidence from
outbreaks indicates that genogroup I and genogroup
II noroviruses are both directly transmissible, via
person-to-person contact, and both genogroups have
also been detected in food- and water-borne outbreaks [25, 26, 41]. The only currently recognized,
notable diﬀerence between norovirus genotypes is the
human blood group antigen (HBGA) binding speciﬁcity required for host cell infection [47]. HBGA
phenotype was not determined for the individuals included in this study, but it is possible that some of the
norovirus negative controls used as the comparison
group in the analysis were not actually susceptible to
infection with some norovirus genotypes, although
it is unlikely that they would be resistant to all norovirus genotypes.

Sporadic norovirus risk factors
The results of our analysis have corroborated evidence from previous studies about the importance of
person-to-person transmission in the acquisition of
norovirus-associated IID. Experimental virus transfer
and epidemiological studies indicate that good hand
hygiene and cleaning of environmental surfaces with
appropriate products can decrease norovirus transmission [35, 48, 49]. Further reinforcement of existing
public health messages regarding hand and domestic
environmental hygiene could facilitate a reduction in
norovirus transmission, although, given the low infectious dose [50] and the current lack of any sanitizers that completely inactivate norovirus, reductions
in sporadic disease incidence may be limited.

NOTE
Supplementary material accompanies this paper
on the Journal’s website (http://journals.cambridge.
org/hyg).
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