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SUMMARY

Surveillance for gastroenteritis rarely detects small, intra-familial outbreaks. This study examined
intra-household transmission of gastroenteritis using prospectively collected data from 2811
participants (600 households) in a community-based study. There were 258 household clusters of
gastroenteritis during the 15 months of observation involving 774 residents (28 % of total). Age
<6 years and attendance at a day care/kindergarten were associated with increased likelihood of
inclusion in a cluster. The reach of illness into the household was extensive, with 63 % of
household members affected by symptoms during clusters. Simultaneous and secondary
transmission of gastroenteritis appeared equally common. In only 20 % of clusters did more than
one member submit a faecal specimen. Of clusters where two or more specimens were submitted,
concordance in laboratory confirmation of pathogens was 18:8 %. Our results show that
clustering of gastrointestinal symptoms within households occurs commonly, but reliance on
pathogen notification data will substantially underestimate the true frequency of gastroenteritis

clusters.
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INTRODUCTION

Anecdotally, household clustering of gastroenteritis
cases is common and presumably usually relates
either to a common exposure source or to secondary
spread of infection within families. Many previous
reports of household transmission of gastroenteritis
focus on recognized outbreaks or on laboratory-
confirmed cases of disease caused by a single patho-
gen [1-11], approaches which tend to underestimate
the total number of potentially linked cases at a
household level. Since surveillance for gastroenteritis
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rarely detects small, intra-household outbreaks, there
is minimal information on the frequency of case
clustering, the predominant transmission mechanism,
or the proportion for which a microbiological diag-
nosis is made.

The aim of this report is to describe the temporal
clustering of gastrointestinal symptoms, the nature of
the clusters, and the aetiological findings within house-
hold cases of gastroenteritis in a cohort of 600 families
followed for 15 months.

METHODS

Six hundred households in Melbourne, Australia were
enrolled into a community-based study assessing the
relationship between drinking water quality and
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human health effects. The full methodology has been
reported previously [12], but in brief households con-
sisted of at least four members comprising at least two
children aged 1-15 years. Recruited households were
supplied with either a real or sham water-treatment
unit (WTU) fitted to their kitchen tap, and partici-
pants completed a weekly health diary for 15 months
(68 weeks) which included information on the pres-
ence, duration and severity of any gastrointestinal
symptoms. All participants were instructed to collect
stool samples within 1 week of onset of gastroenteritis
episodes during the study. The main study found no
difference in rates of gastroenteritis or in pathogens in
householders with a real or sham WTU.

Definitions

Participants were considered to have had an episode
of highly credible gastroenteritis (HCG) if they had
=2 loose stools, =2 episodes of vomiting, one loose
stool plus abdominal pain or nausea or vomiting, or
one episode of vomiting plus abdominal pain or nau-
sea. Clusters inferred that more than one householder
had HCG, and were defined as development of gas-
trointestinal symptoms in household members within
5 days of each other. Each cluster was considered to
have ended if 5 days elapsed with no symptoms re-
ported by any member of the household. Participants
could appear in more than one cluster over the period
of observation. Sporadic HCG was defined as cases of
HCG that occurred outside of a cluster.

Transmission within clusters was considered to
be simultaneous, indeterminate or secondary. Simul-
taneous transmission was defined as >2 people with-
in a cluster reporting symptom onset within a 48-h
period. Secondary transmission was defined as >1
householders with symptom onset >4 days (96 h)
from the first day of symptoms of another household
case, but within 5 days of the last day of symptoms of
any other case in the cluster. Indeterminate trans-
mission was defined as one or more members of the
household reporting symptoms >48 h but <96 h after
another case.

Faecal specimen analysis

Faecal specimens were examined for rotavirus, adeno-
virus, norovirus, pathogenic E. coli, Giardia spp.,
and Cryptosporidium spp. Samples were also cultured
for Salmonella spp., Shigella spp., Campylobacter
spp., Vibrio spp., Yersinia spp., Aeromonas spp.,
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Plesiomonas spp., and Clostridium difficile. Details
of faecal specimen testing have been published pre-
viously [13].

Data analysis

The data were entered into a Microsoft Access data-
base (Microsoft Corporation, USA) and were ana-
lysed using Stata version 10.1 (StataCorp, USA). All
statistical tests, estimates and confidence intervals
took the clustered family design and repeated meas-
ures of individuals into account. The methods used
depended on context, and included generalized esti-
mating equations (GEE) with robust variance for
regression situations (linear, binary, ordinary and
zero-truncated Poisson, and multinomial logit re-
gression), and cluster-corrected (design-based) F tests
for cross-tabulations. These are indicated in the text
and/or table notes. Two-sided P values <0-05 were
considered statistically significant.

RESULTS

In total there were 600 households included in the
study, consisting of 2811 participants. A total of
173298 person-weeks of health diary data were re-
corded out of a possible 191148 (91 %). Of the 2811
participants, 1440 were male and 1371 were female
(51'2% and 48-8%, respectively). There were 648
(23 %) participants aged <6 years, 945 (34%) aged
between 6 and 16 years, and 1218 (43 %) were =17
years.

There were 2669 cases of HCG during the study
(0-80 cases/person per year), 1121 (42 %) episodes of
which were part of a cluster, and 1548 cases (58 %) of
which were sporadic. There was a total of 426 clusters
involving >2 household members with HCG, and
these were distributed over 258 (43 %) of the house-
holds. The total number of people resident in the 258
affected households was 1232, of whom 774 (63 %)
were involved in >1 clusters. The mean number of
clusters per household in those that recorded at least
one cluster was 2:0 (median 1-5), and the maximum
number of clusters within a household was 8. The
minimum number of people within a cluster was 2,
and the maximum was 5 (mean 2-5, median 2). There
was no evidence of a correlation between the number
of household members and the number of people in-
volved in the cluster (P =0-42).

The mean age for those in at least one cluster was
15-7 years (median 8 years), compared to a mean of
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Table 1. Demographics of the individuals not in versus in a highly credible gastroenteritis (HCG) cluster

Number (%) with

sporadic HCG (i.e. Number
Total number Total number at least 1 HCG but (%) with
(%) in cluster (%) not in cluster not in cluster) no HCG OR*
(n=1774) (n=2037) (n=633) (1404) (95% CI) P value
Gender
Male 413 (29%) 1027 (71 %) 290 (20 %) 737 (51%) —
Female 361 (26 %) 1010 (74 %) 343 (25 %) 667 (49%) 09 (0-8-1-0) 0-13
Age (yr)
<6 287 (44 %) 361 (56 %) 169 (26 %) 192 (30 %)
6-16 225 (24 %) 720 (76 %) 212 (22%) 508 (54%) 0-4 (0-3-0-5) <0-001
=17 262 (22%) 956 (78 %) 252 (21 %) 704 (58%) 0-3(0-3-0-4) <0-001
Attending educational
institution
Child care/ 163 (46 %) 191 (54 %) 89 (25%) 102 (29 %)
kindergarten
Primary school 212 (26 %) 606 (74 %) 191 (23 %) 415 (51%) 0-4 (0-3-0-5) <0-001
Secondary school/ 64 (19 %) 271 (81 %) 73 (22 %) 198 (59%) 0-3(0-2-04) <0-001

university

OR, Odds ratio; CI, confidence interval.

* OR comparing being in a cluster vs. not being in a cluster, using GEE binary regression.

21-3 (median 14 years) for those not in an HCG
cluster (P <0-001). Those in a cluster were more likely
to be aged <6 years (OR 2-7, 95% CI 2-3-3-3,
P <0-001) and to be attending child care/kindergarten
(OR 26, 95% CI 2:0-3-2, P<0-001) (Table 1). For
participants involved in at least one cluster, HCG
symptoms were recorded on a mean of 2-4 days per
person (range 1-28 days, median 2 days), and those
reporting HCG events outside of a cluster (i.e. spor-
adic HCG) also recorded symptoms for a mean of 2-4
days (range 1-113 days, median 1 day). This differ-
ence was not statistically significant (P =0-86).
Simultaneous transmission took place within 189
(44%) of the clusters, indeterminate transmission
took place within 163 (38 %), and secondary trans-
mission occurred in 184 (43 %) of the identified clus-
ters. (For clusters involving more than two people,
more than one type of transmission could take place
within a cluster.) Figure 1 gives an indication of the
relative frequency of the number of days between
symptom onset in the first case in the household and
any subsequent cases. There was no significant as-
sociation between number of people in the household
and transmission type (P=0-58, P=0-31, P=0-51,
for simultaneous, secondary and indeterminate, re-
spectively). Females were more likely than males to be
involved in clusters of simultaneous transmission (OR
1-4,95% CI 1-1-1-7, P=0-003), and people aged >16
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Fig. 1. Frequency of number of days between first case in

household and subsequent cases. If more than one house-

hold member experienced symptoms on the same day in

relation to the first household case, the subsequent simul-

taneous cases are counted once only in this graph.

years were more likely to be involved in clusters of
presumed secondary transmission (OR 1-3, 95% CI
1-1-1-7, P=0-01).

Faecal specimens and pathogens within clusters

Of the 774 individuals with HCG included in a cluster,
223 (29 %) individuals gave >1 specimens. At least
one specimen was submitted in 162 (38 %) of the 426
clusters, with about half (77 clusters) having only
one household member submit a specimen, and half
(85 clusters) having >2 members submit a specimen.
The probability of a family submitting at least one
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Table 2. Household characteristics and faecal specimen submission for

the 426 households involved in a cluster

No specimen >1 specimen

(n=264) (n=162) P value
Duration (days) P=0-057
<3 108 (41 %) 47 (29 %)
4-5 57 (22%) 34 (21 %)
5-8 49 (19 %) 43 (27 %)
>8 50 (19%) 38 (23%)
Number affected in cluster P=0-44
2 177 (67 %) 95 (59 %)
3 56 (21%) 45 (28 %)
4 21 (8%) 16 (10%)
5 10 (4%) 6 (4%)
Proportion of householders affected (%) P=0-044
<33 40 (15%) 13 (8%)
>33-50 148 (56 %) 87 (54 %)
>50-75 49 (19 %) 45 (28 %)
>75 27 (10 %) 17 (11 %)
Number of affected children <6 yr P=0-13
0 84 (32%) 41 (25%)
1 109 (41 %) 65 (40 %)
2 65 (25%) 46 (28 %)
3 6 (2%) 10 (6%)
Proportion of affected family members P=0-52
who were female (%)
<33 80 (30%) 55 (34%)
>33-50 109 (41 %) 55 (34 %)
>50-75 28 (11 %) 22 (14 %)
>75 47 (18 %) 30 (19%)

P values obtained by cluster-corrected F tests.

specimen during a cluster was significantly related to
the proportion of household members affected (P=
0-044) and marginally with the duration of the HCG
cluster (P=0-057), but not with the number of affec-
ted children aged <6 years (P=0-13) or gender (P=
0-52) (Table 2).

At least one pathogen was detected in 59 clusters,
but in only 18 clusters was there more than one
specimen positive for a pathogen(s) (Fig. 2). In clus-
ters where multiple household members submitted a
specimen, concordance was 16/85 (18:8%), and in
clusters with at least one identified pathogen, con-
cordance was 16/38 (42 %). There were two clusters
where the submitted specimens returned discordant
results.

Eight different pathogens were detected from
samples submitted by people who were part of a clus-
ter. The most common pathogens were norovirus
(44) and enteroaggregative E. coli (EAEC) or entero-
haemor rhagic E. coli (EHEC) (21), followed by Giar-
dia spp. (10), Cryptosporidium spp. (7), Campylobacter
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spp. (4), Salmonella spp. (3), adenovirus (3) and
rotavirus (2). Table 3 shows the number of cases for
whom a pathogen was detected in relation to un-
diagnosed cases who were symptomatic at the same
time and in relation to the number of people in the
household at the time of a cluster who remained
asymptomatic. It appears that during clusters, be-
tween a quarter and a third of household members
tested positive for a pathogen, one third were symp-
tomatic but remained undiagnosed, while 40% re-
mained unaffected by symptoms. This appeared to be
the case irrespective of which pathogen was identified,
although the small number of cases for each limits the
statistical power to assess this. The type of trans-
mission also appeared unaffected by pathogen type
(data not shown).

DISCUSSION

This paper examines household clusters of HCG in
600 households completing health diaries over a
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Total households in study:
600

'

Total number of clusters:
426

A

Number of clusters in which at least
one faecal specimen was submitted:
162 (38%)

/\

Only 1 specimen
given: 77 clusters (18%)

—

>1 specimen
given: 85 clusters (20%)

T

Specimens Specimen
negative for positive for
pathogen(s): pathogen(s):
56 clusters 21 clusters
(35%) (13%)

One or more
specimens positive
for pathogen(s): 38
clusters (23%)

All specimens
negative for
pathogen(s): 47
clusters (29%)

/\

(12%)

One specimen positive,
rest negative: 20 clusters

>1 specimen positive:
18 clusters (11%)

— .

Complete/partial Discordant
concordance results: 2 clusters
in results: 16 clusters (1-2% overall,
(9-9% overall; 2-4% of clusters

18-8% of clusters
with >1 specimen
submitted)

with >1 specimen
submitted)

Fig. 2. Distribution of positive specimens within clusters.

15-month period. In contrast to previous reports of
family clustering of gastrointestinal symptoms stem-
ming from recognized outbreaks or laboratory sur-
veillance data, this prospective observational study is
more likely to accurately reflect levels of community-
based clustering of gastrointestinal symptoms. Clus-
ters of HCG were common, with 43 % of households
reporting a cluster over a 15-month period, and more
than one cluster often reported (mean 2). The reach of
illness into the household was extensive, with 63 % of
household members affected by symptoms during
clusters. The main demographic features associated
with presence in a cluster of gastroenteritis were age
<6 years and attending child care or kindergarten,
which reinforces previous research [6, 10, 11, 14-19].
Clustering of gastrointestinal symptoms within
families can be due either to common exposure, sec-
ondary spread, or due to simultaneous occurrence of
unrelated sporadic cases in households. Using some
assumptions (common sporadic HCG rate of 0-0089/
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person per week, 4 persons per family, follow-up
period of 68 weeks, and independent occurrence of
sporadic HCG), the effect of the latter can be esti-
mated, with probability calculations indicating that
an expected 18-9 families out of the 600 would have an
apparent cluster of HCG that is due to independent
sporadic events. This number is small compared to
the observed number of 258 families with clusters,
which indicates that any misclassification would have
little impact. It is also possible that some identified
clusters resulted from a cluster of reporting rather
than a cluster of symptoms, although the magnitude
and effect of any existing reporting bias is impossible
to ascertain.

Both HCG and clusters have been variably defined
in other studies. Gastroenteritis is defined in some
studies as three episodes of diarrhoea within a 24-h
period, whereas we used a somewhat less stringent
definition. Additionally, our definition of a cluster
required symptoms of HCG in more than one
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Table 3. Distribution of pathogens within clusters

Number of Number in
Number of negative specimens cluster with Number in
positive in symptomatic symptoms but household who
specimens in people in same no specimen remained
Pathogen™ a cluster clusters submitted asymptomatic
Norovirus (type 1/2)f 44 22 22 52
EAEC or EHECH 21 7 17 28
Giardia spp. 10 6 3 21
Cryptosporidium spp. 7 2 1 4
Campylobacter jejuni 4 5 2 8
Adenovirus 3 2 1 6
Salmonella 3 2 3 6
Rotavirus 2 1 2 4
Total 85% 47 51 129

EAEC, Enteroaggregative E. coli, EHEC, enterohaemorrhagic E. coli.

* Eight specimens were positive for > 1 pathogen.

+ For all clusters containing >1 specimen with norovirus, the same norovirus group was found in all specimens.
1 For all clusters containing >1 specimen of EAEC or EHEC, the same group was found in clustered specimens but full

typing information was not available.

household member within 5 days of each other, which
was based on the probable incubation and infective
periods for many organisms causing gastroenteritis.
If the definition of a cluster had been relaxed to be
within 14 days of each other, the frequency of the
number of days between the first case in the house-
hold and subsequent cases would be as shown in
Figure 1. Using our specified cut-off definitions of
48 h and 4 days (96 h) to delineate between likely
simultaneous vs. secondary transmission, we estimated
that simultaneous transmission took place in 44 % of
clusters and secondary transmission in 43 % of ident-
ified clusters. However, the incubation periods and
periods of communicability vary significantly for dif-
ferent pathogens. For example, the incubation period
for most viral gastroenteritis and for salmonellosis
is usually between 6 h and 24 h, whereas for giardiasis
this may be 10-21 days [20]. The periods of commu-
nicability range from a few days for many viruses, up
to many months for salmonellosis, cryptosporidiosis
and giardiasis [20]. Thus studies examining gastro-
intestinal symptoms caused by a range of pathogens
cannot definitively exclude or prove linkage of cases
on the basis of time clustering alone nor differentiate
between different transmission modes with certainty,
particularly in the absence of an identified pathogen.
Nevertheless, the cut-off definitions we used are rel-
evant for the commonest pathogens we detected (e.g.
norovirus and pathogenic E. coli) and have some
precedent from other studies [11, 18].
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Estimated secondary attack rates for gastroenteritis
vary according to the transmission characteristics of
the pathogen(s) involved, individual hygiene prac-
tices, age profile of householders, number of close
contacts, search strategies employed to identify sec-
ondary cases, and definitions used to differentiate
transmission types. A Canadian survey of people with
gastrointestinal symptoms found that, in 35% of
households, more than one resident was affected [21].
A study of all-cause gastroenteritis in householders
in California found a secondary attack rate of 9%,
with most household transmission occurring within a
median of 4 days [18]. A study in children involved in
day-care outbreaks of gastroenteritis found an overall
secondary attack rate of 11 % in family members [8].
A Danish study also found pronounced household
clustering in up to 10 % of culture-confirmed cases of
bacterial gastroenteritis [1]. In that study, clustering
was most pronounced within a median of 6 days, but
the time separating recorded infection dates varied
according to the specific organism. Reported second-
ary attack rates for specific pathogens in household
contacts include 19-43% for Cryptosporidium par-
vum [2, 3], 19-32% for norovirus [4-6], 26-27 % for
shigellosis [7, 8], 17 % for Giardia [8], 15 % for Campy-
lobacter jejuni [9], and 8-15% for toxigenic E. coli
[10, 11]. Intra-familial clustering suggestive of person-
to-person spread has also been observed with other
organisms, including Helicobacter pylori[22-27], rota-
virus [8, 28] and adenovirus [29].
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Many reports of gastroenteritis clustering rely on
detection of pathogen(s) in a faecal specimen. In our
study, householders voluntarily agreed to participate
and indicated significant motivation to comply with
study requirements by persisting with longitudinal
symptom reporting. However, despite the fact that
participants were strongly encouraged to supply a
specimen whenever they experienced symptoms, only
223/774 people (29%) who reported symptoms as
part of a cluster submitted a faecal specimen. The
greater the proportion of householders affected, the
greater the chances that faecal specimens were sub-
mitted. In only 20% of clusters did more than one
member submit a specimen, and even in clusters where
a number of specimens were submitted, there were
only 18 clusters (4:2 %) with more than one specimen
positive for pathogen(s). Negative faecal tests can be
result from poor sensitivity of diagnostic tests, delays
in submission of specimens, or actual absence of
pathogens. Overall, only 79/223 submitted specimens
(35%) revealed a pathogen(s). Although the labora-
tory methods used reflect normal diagnostic practice,
the lack of DNA-based virology (other than for noro-
virus) may have contributed to the low rate of
pathogen detection. The results shown for the contri-
bution of different pathogens to the burden of house-
hold HCG clusters should therefore be interpreted
with some caution and may not be generalizable.

In clusters where a pathogen was detected in >1
specimen, there was a high degree of concordance in
the identified pathogen(s), with only two instances of
complete inconsistency. However, overall concord-
ance in laboratory-confirmed pathogens from clusters
where >1 specimen was submitted was only 18:8 %,
which highlights that surveillance which relies on
pathogen notification data to indicate clustering is
likely to substantially underestimate the true number
of cases of involved. If an assumption is made that
most cases of HCG within a cluster are likely to be
caused by the same pathogen, it would appear that
for every laboratory-confirmed case in a cluster, there
is on average about one other case with no specimen
submitted and/or no pathogen identified. Although
there may be limitations to the generalizability of these
findings, the estimated degree of under-diagnosis of
pathogens that occurred during clustered cases of
gastroenteritis gives some indication of the degree
of under-reporting of notifiable pathogens that is
likely to occur as part of community surveillance.

Key strengths of this study are that it provides
a description of gastroenteritis symptoms within
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households involved in a prospective longitudinal
community-based study. This is likely to provide
more reliable information regarding the frequency of
illness clustering in households than data obtained
from outbreak investigations or from laboratory
notification data. Potential limitations of our study
include the possibility that some symptoms were mis-
classified and were not due to infectious gastroenter-
itis. Moreover, this study was done in an entirely
urban cohort of people in Melbourne, with all par-
ticipants considered to be of moderate-to-high socio-
economic standing. Therefore the findings may not
be generalizable to rural or more deprived areas, or to
locations with greater household crowding or poorer
sanitary conditions. There may have been some bias
introduced if a lower threshold for reporting symp-
toms existed when more than one family member
was unwell, thereby resulting in an overestimation of
household clustering. Finally, no DNA fingerprint-
ing of detected pathogens was performed to prove
whether isolates found of the same species were ident-
ical. However, given the small number of clusters
where more than one positive specimen was detected,
this is unlikely to have significant influence on our
descriptive findings.

In summary, we have reported on the frequency,
presumed mechanism, and microbiological findings
of clustered cases of gastroenteritis detected in 600
families observed for 15 months. During clusters,
just under one third of householders tested positive
for a faecal pathogen, one third were symptomatic
but remained undiagnosed, and the remainder were
asymptomatic. Our findings confirm that clustering of
symptoms is common and that reliance on micro-
biological confirmation will underestimate cases com-
pared to symptom reporting.
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