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SUMMARY

We investigated the relationship between epidemics and soil radiation through an exploratory
study using sentinel surveillance data (individuals aged <20 years) during the last three epidemic
seasons of influenza and norovirus in Japan. We used a spatial analysis method of a geographical
information system (GIS). We mapped the epidemic spreading patterns from sentinel incidence
rates. We calculated the average soil radiation [dm (μGy/h)] for each sentinel site using data on
uranium, thorium, and potassium oxide in the soil and examined the incidence rate in units
of 0·01 μGy/h. The correlations between the incidence rate and the average soil radiation
were assessed. Epidemic clusters of influenza and norovirus infections were observed in areas
with relatively high radiation exposure. A positive correlation was detected between the average
incidence rate and radiation dose, at r = 0·61–0·84 (P < 0·01) for influenza infections and
r = 0·61–0·72 (P < 0·01) for norovirus infections. An increase in the incidence rate was found
between areas with radiation exposure of 0 < dm < 0·01 and 0·154 dm < 0·16, at 1·80 [95%
confidence interval (CI) 1·47–2·12] times higher for influenza infection and 2·07 (95% CI 1·53–
2·61) times higher for norovirus infection. Our results suggest a potential association between
decreased immunity and irradiation because of soil radiation. Further studies on immunity in
these epidemic-prone areas are desirable.

Key words: Epidemic, geographical information system (GIS), influenza, national sentinel
surveillance, norovirus, soil radiation.

INTRODUCTION

Both influenza and norovirus epidemics follow a sea-
sonal trend: a susceptible cohort and an efficient

means of virus transmission are necessary to cause
an epidemic. Our earlier studies demonstrated that
seasonal epidemics of influenza and norovirus have
similar geographical diffusion over time [1–3]. The
characteristics of the epidemics were spatially related:
they were confined to relatively small areas, showed
gradual variation from the core of the epidemic to
the periphery, and generated epidemic clusters. In
some areas, the epidemic clusters were not affected
by demographic variables alone, such as population
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density or family size, which is thought to play a key
role in propagating viral transmission. This suggests
the possibility of other environmental factors with a
sustained effect on immunity, such as soil radiation.

Soil radiation is a major cause of environmental
radiation and is thought to have a destructive effect
on the human immunocycle through internal irradi-
ation [4, 5]. Previous studies suggested that irradiation
resulted in a variety of haematopoietic disorders, such
as abnormality of immunoglobulin or T-cell popula-
tions, mutated human cell-related components such
as interferon, and adverse effects on gene transcription
and DNA, with potential damage caused to bone
marrow and thymus [4–21]. These haematopoietic func-
tions and systems consist of the immunity-generating
components, hence one of the effects of irradiation
is thought to be a reduced level of immunity. Such
results were observed for residents who were exposed
to low-dose background radiation from the soil and
workers at nuclear power plants or other occupational
sites with radiation exposure, as well as survivors from
the atomic bombings in Hiroshima and Nagasaki.
However, the effect of irradiation on health outcomes,
including immune dysfunction, remains unclear [22–24].

In this study, we conducted an exploratory study on
the immunity impact of soil radiation by examining
the relationship between the epidemics of infectious
diseases and soil radiation level in Japan. We investi-
gated an increase in the incidence rate of influenza and
norovirus infection, as a susceptibility or immunity
index, and we compared these incidence rates with
the irradiation level from soil radiation by calculating
a correlation. This study was intended to generate
hypotheses about the health effects of soil radiation.
For matching the incidence rates and soil radiation
data, we used spatial overlay analysis using the geo-
graphical information system (GIS, ArcGIS 9.3v
ESRI). Data on the incidence of infectious diseases
were sourced from the National Epidemiological
Surveillance of Infectious Diseases (NESID) [1] and
soil sample data of uranium (U), thorium (Th), and
potassium oxide (K2O) used for estimating the gamma
irradiation level [25] were obtained from the website of
the Geological Society of Japan.

METHODS

Sentinel surveillance data

We assessed sentinel surveillance data on individuals
aged <20 years from the NESID during the last three

epidemic influenza (2006–2007, 2007–2008, 2009–2010)
and norovirus (2006–2007, 2007–2008, 2008–2009)
seasons, whose epidemics recur with a considerable
number of cases every year. Of note, the 2006–2007
norovirus season, which was the largest epidemic of
the disease in the history of national surveillance,
has been attributed to the emergence of a new GII.4
variant [2, 3]. In addition, the 2009–2010 influenza
season was a pandemic season in Japan. These epi-
demic seasons were included in this study to observe
the effect of the emergence of new virus variants.
For influenza, the 2006–2007 epidemic season was
caused mainly by type B and subtype H3, and the
2007–2008 season was caused mainly by subtype
H1. The 2008–2009 season, was the same as the previ-
ous season and continued to have subtype H1 as the
predominant epidemic virus type, and the 2009–2010
season that had a lower incidence of norovirus were
not included [26, 27]. For norovirus, the 2007–2008
season was caused by a predominant GII.4 variant [28].

The number of sentinel sites included about 5000
small- to medium-sized clinics. Influenza data (on
influenza-like illnesses) were gathered at 2000 adult
clinics and 3000 paediatric clinics. Norovirus data
(i.e. gastroenteritis cases) were collected at about
3000 small- to medium-sized paediatric clinics. Of
note, 3000 of the sentinel site paediatric clinics moni-
tored both influenza and norovirus cases, and as such,
the majority of data pertained to children aged <15
years. The number of sentinel sites was based on the
catchment population of the administrative sector to
which the respective health centres belonged. Selection
of sentinel sites is randomly decided by the local health
centres. To indicate the population background for sen-
tinel sites, the number of population aged <20 years was
extracted for a 1-km radius of each sentinel through
GIS using 2005 national census data.

Each sentinel clinic reported weekly the number of
influenza cases to the prefectural heath institutes
through regional health centres. Diagnosis was made
based on the presence of four major symptoms (high
fever, sudden outbreak of illness, upper respiratory
inflammation, and whole body symptoms such as
general malaise), and a rapid influenza testing kit
was also frequently used to confirm the diagnosis.
Gastroenteritis cases were reported weekly from each
sentinel clinic based on the symptoms of diarrhoea,
vomiting, and acute abdominal pain.Although this sur-
veillance includes other causes of gastroenteritis such as
bacterial or other viral causes, norovirus epidemics
were also monitored by laboratory confirmation. The
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laboratory testing is conducted for about 10% of all
cases through reverse transcription–polymerase chain
reaction (RT–PCR) testing (at the laboratories of the
prefectural health institutes). All these data include
both sporadic cases and outbreaks. The full flow of sur-
veillance data and the reporting system have been
described in previous studies [29]. The significant differ-
ence of sentinel data was examined according to the
Friedman test, i.e. a non-parametric test comparing
observed datasets over time and their P value (at sig-
nificance level P < 0·01) examines a null hypothesis
that the sampled data are identical for the different
times when the data were collected [30]. This test was
conducted using SPSS v. 21 (IBM Corp., USA) for
each of the three seasons.

Incidence rate

We determined the population standard size for each
sentinel site by calculating the population per clinic
using the total population and the total number of
clinics at the prefectural level. This was calculated
for adjusting the population base level per clinic in
prefectures. These data were obtained from online
open sources based on surveys of medical institutions
conducted by the Ministry of Health, Labour, and
Welfare [31]. Subsequently, the incidence rates for
the total number of incident cases [1, 3] reported by
a sentinel site were calculated against the prefectural
population standard (hereinafter, the ‘incidence’) and
taken into account for each of the three seasons to
give a relative epidemic level. The calculation of inci-
dence for influenza was conducted for the period of
epidemic defined by the threshold of more than one
incidence case per sentinel. For norovirus, the period
of epidemic is defined from the 36th and 52nd epi-
demiological weeks of gastroenteritis cases, based on
the pathogenic detection over a decade [3]. Then cor-
relations of the incidences between the seasons were
assessed using SPSS.

Correlation between incidence and soil radiation dose

The Kriging (ordinary kriging) interpolation method
available in GIS Spatial Analyst enabled conversion
of point-based data to surface data, and the epidemic
cluster was depicted using the incidence for each of the
three seasons (at 5-km grid cell size). Feature of spread
of incidence was compared to background gamma
radiation calculated according to observations of
three radioactive components in the soil samples:

uranium (U), thorium (Th), and potassium oxide
(K2O) whose data are available at the website of the
Geological Society of Japan [32]. The soil samples
were collected from over 3000 sites (between 1999
and 2003) and these elements were extracted with
0·1 N HCl from the soil samples. The corresponding
data were accessed online at the website of the
Geological Society of Japan. The absorbed dose of
d (μGy/h) was calculated using D−3 = 13·0 CK2O
(%) + 5·4 CU (ppm) + 2·7 CTh (ppm) to estimate the
dose of gamma irradiation at a height of 1 m from
the ground [32, 33] and was depicted on a map accord-
ing to the interpolation (natural neighbour) method
(at 1-km grid cell size) available in GIS Spatial
Analyst. Natural neighbour is the method used to geo-
graphically calculate a subset of obtained samples to a
query point and then weights them to fill a value to
interpolate and is often used to map distribution of
soil parameters [34, 35].

The mean absorbed dose dm was calculated from
the interpolated soil radiation using a 1-km radius
for each sentinel site in GIS. The average of the inci-
dence for each radiation dose in units of 0·01 μGy/h
for each of the three seasons was calculated. Then,
the moving averages of the incidences (using seven
incidence values, including three values above and
below each dose, in units rounded to 0·01 μGy/h)
and associated 95% confidence intervals (CIs) were
calculated between 0 < dm4 0·15 μGy/h; the correla-
tions between these values and the radiation dose were
then assessed for both diseases in each of the three sea-
sons. These calculations were conducted with SPSS.

RESULTS

Distribution of incidence and soil radiation

The areas with higher soil radiation tended to be
located in the west of the country (Fig. 1a). For both
influenza and norovirus infections, the Friedman test
revealed a significant difference in sentinel data (P<
0·001) in all observed seasons. The spread of the inci-
dences for both influenza and norovirus infections
exhibited a similar pattern over the three seasons
(maps of the 2006–2007 influenza and norovirus sea-
sons are shown in Fig. 1b, c), and the mean correlation
coefficients between the first season and the following
two seasons were significantly high for influenza
(0·75, P< 0·01) and norovirus (0·90, P< 0·01) infections.
In areas with relatively higher soil radiation, there was
an increased likelihood of epidemic clusters (spots of

Infectious disease and soil radiation 1185

https://doi.org/10.1017/S0950268816003034 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268816003034


Fig. 1. Epidemic of infectious diseases and soil radiation in Japan. (a) Distribution of background gamma radiation d (μGy/h)
calculated from data of three radioactive components observed in soil samples (which were collected between 1999 and 2003),
including uranium (U), thorium (Th), and potassium oxide (K2O), using D−3 = 13·0 CK2O (%) + 5·4 CU (ppm) + 2·7 CTh (ppm)
to estimate the dose at a height of 1 m from the ground. (b) Spread of incidence rate of influenza (2006–2007 season). (c) Spread of
incidence rate of norovirus (2006–2007 season). Panels (b) and (c) were depicted using the incidence against the prefectural
population standard size at each sentinel site. For panel (c) the incidence rate of each sentinel site in the Kyushu area, where
increased epidemic levels were observed compared to other areas, was adjusted (at minus 0·1) in order to provide an overview.
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relatively higher incidence), although the number of
incidences varied between different areas (Fig. 1).

Most sentinel sites for both influenza and norovirus
were located in areas with exposure to the dose inter-
vals of radiation of 0 < dm4 0·15 μGy/h, with the
majority of sentinel sites having an exposure of 0 <
dm< 0·06 μGy/h (Table 1). The population size (aged
<20 years) within a 1-km radius of each sentinel site
showed relatively similar distribution over dose.

Correlation between incidence and radiation exposure
dose

Across the analysed seasons, there was a gradual
increase in the incidences associated with higher radi-
ation doses (Table 2, Fig. 2). There were also some
fluctuations in incidences. For example, the baseline
incidence (which was the incidence at 0 < dm< 0·01
μGy/h) was higher in the 2009–2010 influenza season
and the 2006–2007 norovirus season, which were
both large outbreak seasons for each disease. With
respect to the average incidences for the three seasons,
the incidence for influenza infection was 1·80 (95% CI
1·47–2·12) times higher and that for norovirus infec-
tion was 2·07 (95% CI 1·53–2·61) times higher in

areas with soil radiation doses of 0·15≤ dm< 0·16
μGy/h compared to that in areas with the lowest
doses of 0 < dm < 0·01 μGy/h.

Finally, the correlation between the fluctuation in
the average of the incidences for influenza and noro-
virus infection and the soil radiation dose was signifi-
cantly positive for all three seasons (Fig. 2, Table 3).

DISCUSSION

The distribution of higher incidences of epidemics of
influenza and norovirus appeared to be geographically
similar, and significantly positive correlations were
found between the incidence of the first season and
that of the following two seasons. The epidemic clus-
ters tended to appear in areas with relatively higher
soil radiation doses, and there was a positive correl-
ation between incidence and soil radiation in all
observed seasons. These results indicate a dose-
dependent effect of radiation on incidence and suggest
that irradiation may potentially have an impact on
immunity. Our data and study design are based on
observations for geographically matching these viral
infection rates and irradiation doses from the soil radi-
ation across the country; there is also a limitation

Table 1. The distribution of the number of sentinel sites by dose of soil radiation and average of population aged <20
years (for 1-km radius of each sentinel site)

Soil radiation
dm (μGy/h)

Influenza (proportion
out of 4496)

Average of
population

Norovirus (proportion
out of 3064)

Average of
population

0 < dm< 0·01 36 (0·008) 904 27 (0·009) 1464
0·014 dm< 0·02 8 (0·002) 1235 4 (0·001) 1242
0·024 dm< 0·03 142 (0·032) 2148 94 (0·031) 1427
0·034 dm< 0·04 534 (0·115) 3262 351 (0·115) 1885
0·044 dm< 0·05 923 (0·205) 3453 616 (0·201) 2087
0·054 dm< 0·06 898 (0·200) 2752 606 (0·198) 1783
0·064 dm< 0·07 632 (0·141) 2047 414 (0·135) 1363
0·074 dm< 0·08 446 (0·099) 2735 345 (0·113) 1667
0·084 dm< 0·09 316 (0·070) 3582 227 (0·074) 2322
0·094 dm< 0·10 210 (0·047) 3378 151 (0·049) 1940
0·104 dm< 0·11 122 (0·027) 4362 77 (0·025) 2349
0·114 dm< 0·12 100 (0·022) 4113 61 (0·020) 2216
0·124 dm< 0·13 56 (0·012) 3324 41 (0·013) 1959
0·134 dm< 0·14 34 (0·008) 2191 24 (0·008) 1235
0·144 dm< 0·15 22 (0·005) 2378 15 (0·005) 1608
0·154 dm< 0·16 17 (0·004) 2824 11 (0·004) 1382
Total 4496 – 3064 –

Dose of soil radiation was calculated from data of three radioactive components observed in soil samples which were collected
between 1999 and 2003 in Japan. A small number of sentinel sites located in areas with radiation exposure dose 0·16 4 dm
μGy/h, were excluded from this study.
Population (national census data of 2005) was extracted by 1-km radius for each sentinel site.
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in consideration of other confounding circumstances.
A further study is needed to consider these trends
and the immunity impact of soil radiation.

Most epidemiological studies concerning the health
effects of exposure to low-dose radiation have focused
on cancer [36–39]. The few studies that have considered
the immunity impact of soil radiation show that a muta-
tion of the human interferon α-2b gene accompanied
with lower blood counts (i.e. white blood cells, mean
corpuscular haemoglobin) was observed in individuals
in irradiation areas with low-dose uranium, or in med-
ical workers who were chronically exposed to radiation
in Pakistan; this can be interpreted as a decrease in both
anti-tumoural and antiviral immunity [4, 5]. The other
few studies that have considered infectious diseases in
this context have reported an increase in the incidence
of, or the death from infectious diseases, associated

with low-dose radiation exposure [10–13, 40]. Some
of other studies have also suggested an effect on
immunity from haematopoietic disorders caused by
irradiation [6–9, 15]. The data framework and cohort
were different in these studies, i.e. some were residents
in higher dose areas and others were victims of the
atomic bombs detonated in Hiroshima and Nagasaki,
making it difficult to directly compare the results.
However, they do provide a possible mechanism for
the decline in immunity caused by exposure to low-
dose radiation and, potentially, the subsequent increase
in infections. Although it is likely that an immunity
decrease can result in overall disease susceptibility,
further studies are needed to consider immunity and
susceptibility to these particular viral infections.

Soil radiation may cause internal contamination
through the respiratory and digestive tracts via

Fig. 2. Incidence rate and soil radiation dose in Japan. Changes in the moving averages of the incidence rates (calculated
using seven values for the incidence rate, including three values above and below each dose, rounded to 0·01 μGy/h) for
each of the three epidemic seasons for influenza and norovirus (i.e. the fluctuation in the average of the incidence rate at
0·03 μGy/h was calculated by taking the average of the incidence rate between 0 μGy/h (rounded to 0< dm< 0·005) and
0·06 μGy/h (rounded to 0·0554 dm< 0·065) based on the radiation dose data (calculated from data of three radioactive
components observed in soil samples which were collected between 1999 and 2003) in Figure 1a The value for the highest
dose, 0·15 μGy/h, was calculated by averaging the incidence rates between 0·12 and 0·17 μGy/h due to the limitation of
obtaining data over 0.15 μGy/h. The data with 95% confidence intervals are shown in Table 2.
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Table 2. Moving average of incidence rate (95% confidence interval)

Soil radiation, dm (μGy/h)

Influenza Norovirus

2006–2007 season 2007–2008 season 2009–2010 season 2006–2007 season 2007–2008 season 2008–2009 season

0< dm< 0·01 0·53 (0·45–0·61) 0·32 (0·28–0·36) 1·00 (0·78–1·23) 0·82 (0·49–1·15) 0·31 (0·25–0·37) 0·23 (0·14–0·32)
0·014 dm< 0·02 0·54 (0·48–0·60) 0·32 (0·29–0·35) 1·00 (0·85–1·15) 0·83 (0·60–1·05) 0·32 (0·27–0·36) 0·24 (0·17–0·30)
0·024 dm< 0·03 0·56 (0·49–0·63) 0·34 (0·29–0·39) 1·03 (0·89–1·18) 0·86 (0·67–1·05) 0·34 (0·27–0·41) 0·25 (0·19–0·32)
0·034 dm< 0·04 0·59 (0·50–0·68) 0·36 (0·30–0·42) 1·07 (0·92–1·22) 0·90 (0·72–1·07) 0·36 (0·29–0·43) 0·27 (0·21–0·33)
0·044 dm< 0·05 0·62 (0·51–0·73) 0·38 (0·31–0·44) 1·12 (0·90–1·33) 0·96 (0·84–1·08) 0·38 (0·32–0·45) 0·29 (0·26–0·33)
0·054 dm< 0·06 0·66 (0·57–0·75) 0·38 (0·32–0·44) 1·17 (0·99–1·36) 0·95 (0·84–1·07) 0·39 (0·33–0·45) 0·30 (0·27–0·33)
0·064 dm< 0·07 0·69 (0·61–0·77) 0·39 (0·33–0·45) 1·20 (1·03–1·37) 0·99 (0·90–1·08) 0·41 (0·36–0·45) 0·31 (0·28–0·34)
0·074 dm< 0·08 0·72 (0·65–0·79) 0·40 (0·34–0·45) 1·24 (1·10–1·38) 1·02 (0·94–1·10) 0·42 (0·37–0·46) 0·32 (0·30–0·34)
0·084 dm< 0·09 0·74 (0·69–0·78) 0·41 (0·37–0·45) 1·26 (1·14–1·37) 1·09 (0·98–1·19) 0·45 (0·39–0·50) 0·34 (0·30–0·38)
0·094 dm< 0·10 0·77 (0·71–0·83) 0·43 (0·36–0·49) 1·30 (1·16–1·44) 1·15 (0·98–1·31) 0·47 (0·39–0·55) 0·36 (0·30–0·43)
0·104 dm< 0·11 0·78 (0·72–0·84) 0·44 (0·36–0·52) 1·33 (1·17–1·48) 1·20 (1·00–1·39) 0·49 (0·39–0·60) 0·37 (0·30–0·43)
0·114 dm< 0·12 0·79 (0·72–0·87) 0·45 (0·36–0·53) 1·33 (1·17–1·49) 1·20 (1·02–1·39) 0·50 (0·39–0·60) 0·38 (0·32–0·44)
0·124 dm< 0·13 0·79 (0·72–0·87) 0·45 (0·36–0·53) 1·32 (1·16–1·49) 1·18 (0·97–1·40) 0·50 (0·41–0·60) 0·37 (0·31–0·44)
0·134 dm< 0·14 0·93 (0·59–1·26) 0·52 (0·35–0·69) 1·54 (1·04–2·05) 1·31 (0·99–1·63) 0·58 (0·41–0·74) 0·41 (0·31–0·51)
0·144 dm< 0·15 0·98 (0·65–1·32) 0·54 (0·38–0·71) 1·62 (1·12–2·12) 1·51 (1·01–2·00) 0·69 (0·42–0·97) 0·46 (0·33–0·58)
0·154 dm< 0·16 1·03 (0·64–1·42) 0·57 (0·37–0·76) 1·70 (1·14–2·26) 1·54 (0·93–2·15) 0·72 (0·38–1·05) 0·47 (0·31–0·62)
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airborne transmission [41]. Our results demonstrated
fluctuations in incidences correlated with radiation
dose, i.e. differences in the rate of increase in the ana-
lysed seasons, suggesting that the incidence may also
be affected by virus type. In correlations between the
first season and the following two seasons, higher
coefficients were found for norovirus infections than
for influenza infections. This suggests that there is a
greater tendency for norovirus infection to geograph-
ically recur over time, and likewise more susceptibility
remains for norovirus infections than for influenza
infections. Moreover, between lower and higher soil
radiation doses there was a larger increase in inci-
dences of norovirus infection compared to influenza,
thus suggesting a potentially stronger effect of radi-
ation on susceptibility to norovirus infection. The rea-
son for this is not clear. However, earlier studies have
reported that the stomach and intestinal tract, where
norovirus is thought to multiply, are particularly sen-
sitive to radiation [42–44]. One study has suggested
that irritable bowel syndrome in children living in a
radiation-contaminated area in Ukraine is potentially
due to the irradiation effect on the T lymphocyte
population; however, this was not compared with
the impact on other internal tracts, or other diseases
[7]. In addition, people tended to remain susceptible
to norovirus infection over time as acquired immunity
to norovirus is short-term [45]; therefore, any effect on
the increasing incidence could be more noticeable
compared to influenza infections [46]. Either way,
the increasing incidence could be a sign of decreased
immunity, potentially from irradiation doses as low
as 0·15 μGy/h.

The length of exposure to radiation is known to be
an important factor that affects immunity [20].
According to a previous study, the majority of noro-
virus cases consisted of children aged 0–4 years [3].
This may imply that radiation exposure of any

duration before age 4 years could affect immunity.
The current data pertained mainly to patients aged
<15 years; therefore, the data does not allow for pos-
sible assessment of longer term effects. The most of
sentinel sites were located in areas with radiation
doses of <0·15 μGy/h, which equals 1·3 (mGy) a
year in cases of sustained exposure to radiation for
24 h a day. Meanwhile, previous studies have indi-
cated that the effects of radiation could vary by indi-
viduals, although the mechanism involved is not well
understood [17, 19]. Long-term observation studies
are needed to fully evaluate the effect of radiation
on immunity and overall health [4–16, 22–24, 47, 48].

Only a small number of the sentinel sites included in
our study recorded soil radiation exposure in doses
>0·15 μGy/h. Thus, our study is limited in its ability
to make analysis regarding epidemic trends beyond
that dose. Further, the data used in this study
excluded other environmental data as well as back-
ground radiation from other terrestrial sources of
radiation.

Although population size alone did not seem to be
an epidemic factor, a demographic composition that
includes a younger cohort may affect the spread of
an epidemic [1, 3]. The current study included inci-
dence in individuals aged <20 years and there was
no irregular conjunction of population aged <20
years for higher irradiation dose areas, which could
have introduced potential bias by increasing the inci-
dence in such areas. However, further studies regard-
ing the epidemic trend according to age and sex are
warranted. Additionally, the total number of clinics
serving the total population in each area could affect
the incidence, while our study was limited to calcula-
tions at the prefectural level. Influenza testing kits
were mostly used to diagnose influenza infections
and RT–PCR assays were conducted for specimens
for 10% of norovirus infections; however, as the
data were collected voluntarily by the physicians at
sentinel sites, there could be a diagnostic bias. In
Japan, a similar medical service with a universal med-
ical insurance system is provided across the country;
however, in rural areas where there are fewer residents
than in metropolitan areas, the residential area of
patients attending the same clinic may be larger than
the 1-km radius that we have used to calculate soil
radiation for each sentinel clinic.

Although epidemic prevalence can be compared
between epidemic clusters and smaller epidemic
areas, the higher incidences tended to be located in
less populated areas. As expected, in less populated

Table 3. Correlation between incidence rates for
influenza and norovirus infection and soil radiation

Season 2006–2007 2007–2008 2009–2010

Influenza 0·84** 0·61** 0·66**

Season 2006–2007 2007–2008 2008–2009

Norovirus 0·61** 0·72** 0·71**

** P< 0·01
Pearson’s correlation coefficients are shown for the fluctuating
averages of the incidence rates for each dose (rounded to units
of 0·01 μGy/h) of soil radiation (<0·15 μGy/h) in Japan.
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areas, the population size for each sentinel site, which
is a statistical parameter to calculate prevalence, is
smaller than that in the populated core areas. Thus,
the epidemic prevalence, i.e. the rate of incidence in
relation to the population size for each sentinel site,
in those less populated areas will be greater than
that in populated core areas. The examination of
prevalence between each epidemic cluster area and
smaller epidemic areas would be desirable in a further
study. We conducted this study to generate hypotheses
of the effect of soil radiation on immunity; as such, the
results should be interpreted with caution, and more
studies are needed to test these hypotheses. Other
potential causative factors such as differences in med-
ical services or socioeconomic settings over areas, or
an ecological fallacy, also require examination.

Although data on epidemics of influenza and noro-
virus could potentially be affected by other confound-
ing factors, such as type-specific susceptibility to the
virus and vaccination status (for influenza), the infec-
tions appeared to be clustered in similar geographical
areas, suggesting further studies on immunity and asso-
ciated factors in these epidemic areas are warranted.
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