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SUMMARY

We studied the spatial trend of norovirus (NoV) epidemics using sentinel gastroenteritis
surveillance data for patients aged <15 years (r=140) in the Tokyo area for the 2006-2007

to 2008-2009 seasons utilizing the kriging method of geographical information system (GIS).
This is the first study of the spreading pattern of NoV epidemics using sentinel surveillance data.
Correlations of sentinel cases between the seasons and with demographic data were examined
to identify the trend and related factors. A similar pattern of diffusion was observed over the
seasons, and its mean correlation between seasons was significantly high. A higher number of
cases were found in the peripheral area, which surrounds the most populated central area, and
showed a correlation with the ratio of the children population (r=0-321, P<0-01) and the ratio
of residents in larger families (r=0-263, P<0-01). While NoV susceptibility remained, the
results suggest a transmission route in the local community as a possible epidemic factor.
Prevention with focus on the peripheral area is desirable.

Key words: Geographical information system, household, kriging method, national sentinel
surveillance, norovirus, population.

INTRODUCTION NoV is highly transmissible through food, water,
and person-to-person contact [10, 11]. The virus is
spread by the faecal-oral route through inhalation
of virus particles from vomit and faeces or contact
with contaminated surfaces [12-16]. Frequent molecu-
lar evolutions often escape immunity such that re-
peated infection can occur [8, 17-20]. The role of
environmental contamination is suggested in contin-
ued or prolonged epidemics [8, 9, 11, 17, 21-23].
Seasonal epidemics raise the question about how epi-
demic spread occurs in the community. The discovery
of a pattern of epidemics is expected to lead to models

Norovirus (NoV) is the most frequent cause of
viral gastroenteritis with considerable morbidity and
mortality annually [1-6]. Epidemics occur from the
autumn to winter seasons in Japan as well as other
temperate climate regions [7]. NoV patients present
at varying ages, although severe cases are more
commonly found in young children or patients with
chronic diseases, and may result in death [3, 5-9].
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of prevention or timely preparedness. Currently, sur-
veillance data are mostly designed for conventional
statistical use; however, a spatial study requires
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spatiotemporal data collection. Thus, few studies have
been performed regarding the spread of NoV epi-
demics. Here we attempt to apply sentinel surveillance
data into a spatial method and consider the pattern of
epidemic spread.

In Japan, NoV epidemics are monitored through
sentinel gastroenteritis surveillance that is routinely op-
erated year round. The largest NoV epidemic in the
history of national surveillance since its launch in
1981 occurred in the 2006-2007 season. This epidemic
was the result of the emergence of a GII.4 subtype
termed 2006b [24]. We investigated the spatial dif-
fusion of NoV epidemics in the Tokyo area, which
is the most populated area in Japan, using sentinel
gastroenteritis data applied to the geographical infor-
mation system (GIS). Because we assumed character-
istic patterns exist in comparisons between the largest
epidemic season and the following seasons, we there-
fore focused on the 2006-2007 to 2008-2009 seasons.
GIS is increasingly being used for disease surveillance
and is useful when considering the spatial spread of an
epidemic and its related factors by using other back-
ground data such as environmental or community
data. We examined the relationships between sentinel
reported cases and demographic data to identify fac-
tors that may influence virus transmission.

MATERIALS AND METHODS

Sentinel gastroenteritis data from the 2006-2007
to 2008-2009 seasons were used to investigate NoV
epidemic trends in these three seasons, including con-
sideration of whether the epidemics occur in relation
to a populated area and also to observe if there oc-
curred any epidemic features over the seasons after
a large outbreak. Sentinel gastroenteritis data were ex-
tracted for the NoV season (September to December)
[25], and the weekly flow of data and the age distri-
bution of the total number of sentinel cases were com-
pared among the seasons. The map of epidemic spread
was depicted by means of the kriging method in GIS
applied to the total number of sentinel cases. Then
the pattern of epidemic spread and demographic
data were considered. Correlations of the total num-
ber of sentinel cases between seasons were also exam-
ined. In order to examine the relationship between the
epidemics and the demographic characteristics, a spa-
tial overlay of each data was investigated. For this
analysis, the demographic data were extracted using
a 1 km radius for each sentinel site. This circle was
chosen because most sentinel sites were small to
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medium paediatric clinics, therefore, the cases re-
ported by a sentinel clinic are assumed to come from
a circular catchment area of radius 1km (which is
about a 15min walking distance) centred at the
location of the sentinel site. Pearson’s correlation
and the coefficient between the total number of senti-
nel cases and the extracted demographic data were
evaluated for each demographic index, respectively.

Sentinel surveillance data

Sentinel surveillance data were obtained from the
National Epidemiological Surveillance of Infectious
Diseases (NESID) of the National Institute of Infec-
tious Diseases (NIID), which comprises weekly re-
porting of the number of cases from about 3000
sentinel clinics. The sentinel clinics for gastroenteritis
are paediatric clinics, meaning the majority of data
consist of cases of patients aged <15 years. We accord-
ingly focused our study on only sentinel surveillance
data by extracting data for patients aged 0-14 years.
The data were first collected by a physician who diag-
nosed gastroenteritis based on symptoms (diarrhoea,
vomiting, acute abdominal pain) and then reported
to NESID through regional health centres. The flow
of surveillance and the reporting system are described
elsewhere [26]. The number of sentinel clinics is
defined by the population size according to each re-
gional health centre’s administrative sector, and the
average number of reported cases per sentinel site is
used as an index of the epidemic level of the season.
In Tokyo, the number of sentinel clinics for gastro-
enteritis is 140. NoV epidemics were also monitored
by laboratory confirmation [26, 27]. For laboratory
testing, specimens were collected from about 10% of
the sentinel clinics and on-site for any outbreaks.
Viral genotyping was performed by means of reverse
transcriptase—polymerase chain reaction methods by
prefectural institutes, and the results reported to
NESID. These data include both sporadic cases and
outbreaks.

The data period was epidemiological weeks 36-52
(the beginning of September to the end of
December). This period was defined as the season of
the NoV epidemic based on results of historical viral
detection and the trend of sentinel reported cases [28].

Trend of incidence

The weekly distribution of the number of sentinel
cases (per sentinel site) as incidences was
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examined to identify the epidemic trend for the
three seasons.

Total incidences of 8 weeks until the peak week
(henceforth ‘total number of sentinel cases’) for each
season were calculated from sentinel surveillance
data. These 8 weeks approximate the period when
the sentinel case starts to relatively rapidly increase
(over 5-0 cases per sentinel per week) in the three sea-
sons and include the 4th week of October to the
2nd week of December in the 2006-2007 season, the
5th week of October to the 4th week of December in
the 2007-2008 season, and the 4th week of October
to the 2nd week of December in the 2008-2009 sea-
son. The total number of sentinel cases was used as
an index of the epidemic level for each season while
taking account of the growth of the epidemic until
the peak week. The total number of sentinel cases
for each sentinel site was also calculated and correla-
tions between the three seasons were considered for
140 sentinel sites. The cases’ age distribution was
also calculated for these seasons from sentinel data.

Spatial analysis with demographic data

Observation of epidemic spreads and demographic
data

The spatial spread of epidemic diffusion was con-
sidered using the kriging method (ordinary kriging)
in GIS (ArcGIS v. 9.3, ESRI, Japan) which was ap-
plied to the total number of sentinel cases at 140 sen-
tinel sites for each of the three seasons. The kriging
method is an interpolation method that uses geostatis-
tical estimation over point-based data and models the
surface of each record [29]. In the present study, the
records are sentinel surveillance data. This method
enabled the investigation of areas with a higher num-
ber of cases. Based on the assumption that epidemics
are affected by population characteristics, we mapped
the demographic data for the ratio of the population
aged <15 years to the total population and for the
ratio of residents in a household having >3 family
members to the total population as gridded 1-km
maps. The demographic data came from the national
census (2005).

Correlations between sentinel cases and demographic
indices

Pearson correlation coefficients between the total
number of sentinel cases of the 2006-2007 season
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Fig. 1. Weekly distribution of norovirus sentinel cases for
three seasons (2006-2007, 2007-2008, 2008-2009) in
Tokyo.
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Fig. 2. Age group distribution of norovirus sentinel cases
for three seasons (2006-2007, 2007-2008, 2008-2009) in
Tokyo.

and the demographic data extracted by a 1 km radius
for each sentinel site were examined, respectively.
The demographic data were obtained from the 2005
national census and consisted of (¢) population indi-
ces, which included the total population, children by
age group (0-4, 5-9, 10-14, >15 years) and the corre-
sponding ratios of these age groups to the total popu-
lation, and (b) household indices, which included the
number of households, the ratio of each house style
(home or apartment) to the total number of house
styles, and the number of residents in a household
having 1, 2, or >3 family members along with the
ratio of these groups to the total population. House
style was considered because it might relate to living
characteristics causing contact development inside
or outside home. Statistical analysis was conducted
using SPSS (IBM Corporation, USA).
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Fig. 3. Spatial spread of norovirus (NoV) sentinel cases
and demographic data. Spread of the total number of
NoV sentinel cases (from 8 weeks prior to the peak week)
depicted by the kriging method in GIS for the (a) 2006—
2007, (b) 2007-2008, and (c) 2008-2009 seasons. These
maps show the geographical concentration of the epidemic
in each season. Demographic data are shown in gridded
1-km maps as (d) the ratio of children (aged <15 years)
compared to the total population and (e) the ratio of
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RESULTS
Trends in incidence and spread of epidemics

The weekly incidences showed the highest peak
at 27-44 cases in the 2006-2007 season, 22-17 cases
in the 2007-2008 season, and 19-72 cases in the
2008-2009 season (per sentinel site). The total number
of sentinel cases recorded was 112-:09 in the 20062007
season, 104-00 in the 2007-2008 season, and 81-29 in
the 2008-2009 season (Fig. 1). The incidences at the
peak week and the total number of sentinel cases
slightly decreased over the seasons, which may suggest
the development of herd immunity after a period of
high prevalence. Within the incidences, each age
group showed similar ratios over the three seasons.
The mean value of the three seasons was 0-59 for
the 0-4 years age group, which was the highest
recorded, 0-32 for the 5-9 years age group, and 0-09
for the 10-14 years age group (Fig. 2).

The epidemic diffusion depicted by the kriging
method demonstrated areas of different concentra-
tions of total number of sentinel cases (Fig. 3a—c). A
larger number of data were observed around the per-
ipheral area, which surrounded the central core area,
and the central core area had a similar lower number
of data for the three seasons. Correlations of the total
number of sentinel cases between the 2006-2007 sea-
son and other seasons (at 140 sentinel sites) were sign-
ificantly positive, reaching 0-89 for the 2007-2008
season (P<0-01), and 0-87 to the 2008-2009 season
(P<0-01). These results showed similar patterning of
the epidemic spread over the seasons.

The demographic data showed that the peripheral
area had a higher ratio of residents in households
with >3 family members and a higher ratio for
those aged <15 years compared to the total popu-
lation (Fig. 3d, e¢). These data showed the peripheral
area as a suburban area with more residents in larger
households than residents in households having one or
two family members; and similarly, more residents in
families with children, compared to the central area,

residents in households having >3 family members
compared to the total population. Bold black lines signify
the prefecture boundaries; grey lines signify railways. The
unit values in panels (¢—c) are the total number of sentinel
cases. The unit values in panels (d) and (e) are the ratios
between the number of the corresponding index popula-
tion and the total population. All classification colours are
in ascending order. Original map data (ESRI, Japan) are
based on national census data (2005).
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Table 1. Correlation between total number of sentinel cases (2006-2007 season) and demographic data (N=140)

Population indices

Household indices

Total population —0-037

Age group population, yr
04 0-145
5-9 0-147
10-14 0-120
>15 0-140

Ratio of age group population to total population
04 0-305%*
5-9 0-318**
10-14 0-284**
=15 0-321**

No. of households —0-076
Ratio of house style
Home 0-163
Apartment —0-163
No. of family members
1-2 —0-106
>3 0-048
Ratio of family members to total population
1-2 —0-263**
>3 0-263%*

Demographic data are extracted within a 1 km radius from each sentinel.
Original map data (ESRI, Japan) are based on national census data (2005).

**P<0-01.

which consisted of a higher density of population. In
the central area, a higher density of children was also
observed (Supplementary Fig. S1 only shows children
data but population were similarly concentrated in
the central area). Thus lower density but higher ratio
of larger families or children seemed to be one of the
community characteristics in the peripheral area.

Correlations between sentinel data and demographic
data

The total number of sentinel cases significantly cor-
related to the following population ratios: the ratios of
children of all age groups (0-4, 5-9, 10-14, >15
years) to the total population (0-284-0-321, P<0-01),
and the ratio of residents in households having > 3 fam-
ily members to the total population (0-263, P<0-01)
(Table 1). However, no significant correlations
were seen for the absolute numbers of the total popula-
tion, children of each age group (0-4, 5-9, 10-14,
> 15 years), or of each household size. Neither did the
ratio of each house style (home or apartment) to the
number of all house styles show any correlation.

These results suggest a relationship between an in-
crease in the epidemic with an area with a relatively
larger component of larger families or children, rather
than with an area with a larger number of population
of all age groups or in larger families, but with a larger
component of smaller families.

DISCUSSION

The total number of sentinel cases showed a larger
number around the peripheral area of Tokyo, which
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includes the area surrounding the central area.
Pearson correlation coefficients were significantly
positive between the total number of sentinel cases
and indices for the ratio of children of all age groups
(04, 5-9, 10-14, > 15 years) and the ratio of residents
in households with >3 family members. However,
there was no significant correlation with other indices
like the total population or the absolute number of
children of each age group or household.

Although it is thought that NoV would develop
larger incidences in a densely populated community
by increasing person-to-person contact, our results
show otherwise, as it was the peripheral community
areas, which have a lower density of population or
children, but a higher ratio of children and residents
in larger families, that correlated with NoV epidemics.
A possible explanation for why the peripheral area
had more patients is, hypothetically, more frequent
contacts and communications between families, re-
sulting in more person-to-person infections, compared
to the populated core area with a larger component of
households with one or two family members. Further-
more, there was a significant correlation in the total
number of sentinel cases in the three seasons exam-
ined, which also suggests local characteristics increase
the epidemic. Each house style did not seem to reflect
such a community characteristic. Moreover, the age
distribution of cases in these three seasons was consist-
ent, with the highest ratio of infected children’s groups
being 0—4 years, followed by the 5-9 and 10-14 years
age groups, respectively. These results are similar
to those from another study [6] and suggest that
the largest susceptibility to NoV exists in infants or
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younger children. However, our conclusions may also
be due to a possibly higher frequency of younger chil-
dren visiting clinics with minor symptoms.

A previous study suggested the importance of
person-to-person transmission in the acquisition of
NoV-associated infectious intestinal disease and it
concluded that for young children (<5 years), contacts
outside the household present a higher risk, whereas
for older children (5-15 years) and adults, the highest
risk is associated with child contacts inside the house-
hold [30]. These observations suggest that young chil-
dren acquire their infections outside the home, and
then put older children and adults at risk by contact
at home. The peripheral area demographics suggest
the incidence of such an event to be higher than for
the central area.

The reason why this epidemic pattern recurred over
the three seasons remains unclear. Large outbreaks
often occur in closed settings, such as nursing homes,
hospitals, and schools [21, 31]. The recurring pattern
could suggest virus transmission in the peripheral
area being related to these outbreak settings, although
these data were not covered in the current study.

The 2006-2007 season had the highest recorded
NoV epidemic in Japan because it was generated by
the GII.4 2006b subtype. This virus variant remained
predominant in the following 2007-2008 and 2008-
2009 seasons [32]. The small decrease of incidence
in the following 2007-2008 and 2008-2009 seasons
may represent developed immunity to the virus vari-
ant after the largest epidemic in the 2006-2007 season,
although such immunity may be limited to the short
term [20]. NoV susceptibility remains [9, 21-23] and
its incidence has stayed relatively high over the sea-
sons. It is more likely to be local transmission which
has affected the increasing number of cases unless
there exists more susceptibility or any other factor in
the peripheral area. Furthermore, the similar pattern-
ing over the seasons suggests a possible modelling
of the epidemic as well as preventive measures with
focus on the peripheral area should be sought. Thus
a study of such factors would be important for con-
sidering the epidemic development.

It is not clear if the pattern of spread has resulted
from the new GII.4 subtype. Moreover, a limitation
of this study is that sentinel sites were mainly paedia-
tric clinics, meaning data are primarily for children
despite people of all ages being at risk for NoV.
Although gastroenteritis data contain other causes
such as rotavirus, the period of data used differs
from the epidemic season of rotavirus which begins
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after the NoV season, about the end of February in
Japan [25]. Therefore it is believed that our data con-
sisted of mainly NoV data. Meanwhile each coeffi-
cient between the sentinel reported cases and the
demographic data was calculated using a 1 km radius
area. This radius is ideal, as patients commute from
random distances and routes to each clinic. This
study is also not supported by the background data
of local medical standards. NoV epidemics occur
with a complexity of factors that deserve a longer
time-series study to identify other relevant indices
such as the virus variant type and climate factors.

This is the first study to consider spreading patterns
of NoV epidemics using sentinel surveillance data and
demographic data.

SUPPLEMENTARY MATERIAL

For supplementary material accompanying this paper
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