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SUMMARY

In temperate zones, human respiratory syncytial virus (HRSV) outbreaks typically occur in cold
weather, i.e. in late autumn and winter. However, recent outbreaks in Japan have tended to start
during summer and autumn. This study examined associations of meteorological conditions with
the numbers of HRSV cases reported in summer in Japan. Using data from the HRSV national
surveillance system and national meteorological data for summer during the period 2007–2014,
we utilized negative binomial logistic regression analysis to identify associations between
meteorological conditions and reported cases of HRSV. HRSV cases increased when summer
temperatures rose and when relative humidity increased. Consideration of the interaction term
temperature × relative humidity enabled us to show synergistic effects of high temperature with
HRSV occurrence. In particular, HRSV cases synergistically increased when relative humidity
increased while the temperature was 528·2 °C. Seasonal-trend decomposition analysis using the
HRSV national surveillance data divided by 11 climate divisions showed that summer HRSV
cases occurred in South Japan (Okinawa Island), Kyushu, and Nankai climate divisions, which
are located in southwest Japan. Higher temperature and higher relative humidity were necessary
conditions for HRSV occurrence in summer in Japan. Paediatricians in temperate zones should
be mindful of possible HRSV cases in summer, when suitable conditions are present.

Key words: Climate (impact of), paediatrics, respiratory syncytial virus.

INTRODUCTION

Human respiratory syncytial virus (HRSV) infection
results in considerable morbidity, including severe
bronchiolitis and pneumonia, especially in infants
aged <1 year [1]. One report estimated that HRSV
was associated with 66 000– 199 000 deaths worldwide

in young children in 2005 [2]. The incubation period of
the virus is 3–5 days after infection through the upper
respiratory tract [3]. HRSV cases occur in early winter
in temperate zones, like those in Japan [4]. However,
in subtropical zones, like Okinawa Island, cases ap-
pear throughout the year, but HRSV cases occur
mainly during the rainy season [4, 5]. This seasonality
in annual HRSV occurrence might be related to me-
teorological factors [4–16].

In recent years, early HRSV cases were reported
during summer, which is defined as June–August in
mainland, Japan [17]. However, no study has clearly
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identified the meteorological conditions necessary for
occurrence of summer HRSV cases in Japan. An
understanding of these conditions might help in pre-
dicting such cases. This is critically important, espe-
cially for young infants with underlying diseases
such as congenital cardiopulmonary disease, as it
would allow timely prophylaxis with the anti-RSV
monoclonal antibody drug palivizumab [18]. The
American Academy of Pediatrics recommends that
timing of prophylaxis administration should be deter-
mined on the basis of HRSV epidemiology, especially
in regions remote from the United States mainland,
such as Alaska [19]. The epidemiological characteris-
tics of HRSV might differ in such geographically dis-
tant areas, because of variation in meteorological
conditions. Similarly, in Japan, the epidemiological
trends for HRSV are obviously different in geograph-
ically distant areas like Okinawa Island, which is
∼800 km south of mainland Japan. In both Okinawa
Island and parts of the southwest Japanese mainland,
the epidemiological characteristics of summer appear
to differ from those in eastern areas, because of differ-
ences in climate conditions. However, it is generally
believed that HRSV cases occur only in autumn to
winter in temperate zones. Nevertheless, it is import-
ant to understand that HRSV cases can occur in sum-
mer, even in temperate zones, and to identify
associations between meteorological conditions and
such summer occurrences.

The aims of this study were to explore the seasonal-
ity of reported HRSV cases in Japan, to explore the
seasonality of reported HRSV cases by climate region
in Japan, and to examine the association between
reported HRSV cases and meteorological variables
in the summer season in Japan.

METHODS

Data sources

We analysed HRSV surveillance and meteorological
data for the period 2007–2014, which were obtained
from the Infectious Diseases Weekly Report of Japan
[20]. The data were collected as part of the National
Infectious Disease Surveillance, which is administered
by the Ministry of Health, Welfare, and Labour in
Japan. HRSV has been a notifiable disease under
Japan’s Infectious Disease Control Law since 1998.
A case is defined as laboratory detection of HRSV,
i.e. a positive result from a rapid diagnostic kit or neu-
tralization reaction using serum samples. In recent

years, commercial rapid diagnostic test kits have be-
come available in general clinical settings. About
3000 sentinel paediatric clinics and hospitals through-
out Japan must report the numbers of patients with
HRSV every week. The number of sentinels assigned
to each public health service area is determined on
the basis of population size: a public health centre
with <30 000 individuals has one sentinel, a centre
with 30 000–75 000 individuals has two sentinels,
and one with >75 000 individuals has 53 sentinels,
as determined by the following formula: 3 + (popula-
tion – 75 000)/50 000. Clinical data from each sentinel
are forwarded to public health centres (∼500), where
the generated data are then electronically reported to
about 60 prefectural or municipal governments and,
finally, to the Infectious Disease Surveillance Centre
at the National Institute of Infectious Diseases
(Tokyo), which is administered by the Ministry of
Health, Labour and Welfare. The number of sentinels
slightly varied by season as follows: 3018 in 2007–
2008, 3027 in 2008–2009, 3024 in 2009–2010, 3038
in 2010–2011, 3140 in 2011–2012, 3156 in 2012–
2013, and 3153 in 2013–2014. These numbers are cal-
culated in the 21st week of each season.

Meteorological data were obtained from the
climate statistics database published by the Japan
Meteorological Agency (http://www.data.jma.go.jp/
obd/stats/etrn/index.php). Average daily temperature
and average daily relative humidity are published on
the website and are derived from data collected at
local meteorological stations located in each prefectural
capital. We calculated average weekly temperature and
relative humidity in each climate region. When there
was no station in the prefectural capital (two of 47 pre-
fectures), meteorological data from a nearby station
located within 50 km of the capital were used.

Reported cases of HRSV in Japan

The national trend in HRSV occurrence for each sea-
son was analysed by using weekly numbers of
reported HRSV cases per sentinel throughout Japan.
The number of HRSV reported cases, as determined
by the Infectious Disease Surveillance Centre, was
divided by the number of sentinels (∼3000) on a week-
ly basis because the number of sentinels slightly varied
by year. Then, the nationwide trend in reported cases
of HRSV was evaluated in the seven seasons included
in the study period, from the 2007–2008 season to the
2013–2014 season. One season was defined as the per-
iod from week 21 to week 20 in the following year (e.g.
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from week 21 of 2011 to week 20 of 2012), because the
number of reported cases of HRSV starts to increase
in autumn and usually remains elevated in the follow-
ing year. Seasonal-trend decomposition using loess
was used to evaluate change in the HRSV occurrence
trend. The algorithm was developed to help divide a
time-series into three components: the trend, seasonal-
ity, and remainder [21]. The obtained trend compo-
nent was used to assess change in reported HRSV
cases over time between 2007 and 2014.

HRSV seasonality by climate region

We used the Sekiguchi climate classification of Japan
to divide Japan into 13 regions according to climate
similarity. Then, we modified it so that it included
the following 11 regions [22] (Fig. 1): (a) Japan Sea,
Hokkaido; (b) Japan Sea, Tohoku; (c) Japan Sea,
Hokuriku; (d) Japan Sea, San-in; (e) Kyushu; (f)
Nankai; (g) Setouchi; (h) East Japan, Sanriku-
Hitachi; (i) East Japan, Tokai-Kanto; (j) East Japan,
Chuo-Kogen; and (k) South Japan (Okinawa). All 47
prefectures of Japan are included in this classification.
Although the original Sekiguchi climate classification
comprises 13 areas, the present classification includes
only 11 regions. Although Hokkaido, the largest pre-
fecture in Japan, is subdivided into three climate
regions in the original classification; however, we
used only one climate region (Japan Sea, Hokkaido)
to represent its prefectural capital because we could
only obtain an aggregate number of cases from
Hokkaido as a whole. To analyse whether reported
cases of HRSV were related to climate conditions,
we used the Sekiguchi detailed climatic classification,
a common method that uses temperature, rainfall,
sunshine, and humidity. The Köppen–Geiger climate
classification is more common [23] but is too coarse
for our purposes, as it divides Japan into only three
or four regions. The average numbers of HRSV
reported cases per sentinel in each climate region
were calculated weekly. Then, epidemic curves for
each season were compared for the 11 climate regions.
Seasonal-trend decomposition analysis was also ap-
plied to data from each climate region. Change in
trend was evaluated in the 11 climate regions.

Associations of meteorological conditions with HRSV
occurrence in summer

Focusing on reported cases of HRSV in summer, we
constructed a contour plot map [24] to visualize the

optimal meteorological conditions associated with
HRSV occurrence in summer. The plot map shows
the meteorological conditions associated with HRSV
incidence per sentinel, in all prefectures, during sum-
mer for the period between weeks 23 and 35, which
corresponds to the June–August period. Weekly aver-
age temperature and relative humidity were used as
meteorological factors in the analysis.

Using a histogram of the weekly reported cases of
HRSV per sentinel (Supplementary Fig. S1), distribu-
tion of the reported cases was confirmed. Then, we ap-
plied a negative binomial regression model to examine
the association between meteorological (temperature
and humidity) conditions and HRSV occurrence dur-
ing the limited summer period between weeks 23 and
35. To fit the model, we used values for weekly
reported cases of HRSV multiplied by 1000. The num-
ber of HRSV cases/1000 persons per sentinel was used
as the dependent variable. Average weekly tempera-
ture and relative humidity were classified by quartile
because of the absence of linearity between each factor
and dependent variable. Temperature was classified
into four categories as follows: first quartile,
<23·3 °C; second quartile, 523·3 °C and <26·0 °C;
third quartile, 526·0 °C and <28·2 °C; and fourth
quartile, 528·2 °C. Relative humidity was classified
into four categories as follows: first quartile,
<69·0%; second quartile, 569·0% and <73·0%; third
quartile, 573·0% and <79·0%; and fourth quartile,
579·0%. Then, categorized weekly temperatures
and/or relative humidity values were set as explana-
tory variables in the models. We developed four
models, which used meteorological factors to compare
and validate negative binomial regression models, as
follows: (1) temperature alone, (2) relative humidity
alone, (3) both temperature and relative humidity,
and (4) temperature, relative humidity, and tempera-
ture × relative humidity (interaction term). In all
models, the year variable (years 2007, 2008, 2009,
2010, 2011, 2012, and 2013) was used to control sea-
sonal variation. Influential data on outcome variables
were checked by using the Cook distance plot. Then,
model fit was evaluated by calculating Akaike’s
Information Criterion (AIC) and Schwarz’s Bayesian
Information Criterion (BIC). The marginal effects of
meteorological conditions were estimated by a model
using all the combinations of temperature and relative
humidity as the explanatory variable. Then, we
determined the temperature and relative humidity
conditions associated with HRSV occurrence in
summer.

274 Y. Shobugawa and others

https://doi.org/10.1017/S095026881600220X Published online by Cambridge University Press

https://doi.org/10.1017/S095026881600220X


All the statistical analyses were performed with
Stata Statistical Software Release 14 (Stata Corp;
USA) and R v. 3.3.0 (R Core Team. R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS

HRSV case trends: 2007–2008 to 2013–2014

Typically, the number of reported HRSV cases
increased in September and peaked in December
from 2007–2008 to 2010–2011. In the 2012–2013
and 2013–2014 seasons, however, the reported num-
ber of cases substantially increased earlier, at the
end of August, and peaked in October. Despite a sub-
sequent decrease, a second peak was observed in
December (Fig. 2). During summer, i.e. between
June and August (corresponding to weeks 23–35), an
early increase in HRSV reports was observed from
around week 30 in the 2011–2012, 2012–2013, and

2013–2014 seasons. In the 2009–2010 season, the
peak was later (in February) than in the other seasons.
In total, 17 155 weeks were evaluated in the study: 365
weeks (the seven seasons from 2007–2008 to 2013–
2014) in 47 Japanese prefectures. Seasonal-trend de-
composition analysis showed a prominent positive re-
mainder in September and October in 2012 and from
September to November in 2013. Irregular remainders
were observed from September 2009 to March 2010, a
period corresponding to the A(H1N1) influenza pan-
demic (Fig. 3).

HRSV occurrence by climate region

The pattern of HRSV occurrence in Okinawa substan-
tially differed from those in other climate regions
(Fig. 3). There were summer cases, between June
and August, in Okinawa. In other climate regions,
HRSV occurrence mostly shifted to early autumn,

Fig. 1. Climate regions of Japan in the Sekiguchi climate classification. The 11 regions of the Sekiguchi climate classifica-
tion [22] are shown.
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Fig. 2. National trends in human respiratory syncytial virus (HRSV) epidemics in Japan: 2007–2008 to 2013–2014. The
weekly number of reported HRSV cases per sentinel in Japan is shown for the study period. One season is defined as the
period from week 21 to week 20 in the following year. Year 2009 comprised 53 weeks.

Fig. 3. Results of decomposition analysis of national human respiratory syncytial virus (HRSV) epidemics in Japan
between 2007 and 2014. Data on HRSV occurrence were decomposed to three components: seasonal, trend, and
remainder.
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from the 2011–2012 season, except in the Japan Sea,
Hokkaido and East Japan, Chuo-Kogen regions.
Obvious summer peaks were observed in Kyushu
and Nankai. The 2009–2010 season was exceptional,
as the reported cases of HRSV increased later, in
February. Regarding summer occurrence between
weeks 23 and 35, reported HRSV cases greatly
increased in the Kyushu and Nankai climate regions
during the period from the 2011–2012 season to the
2013–2014 season (Fig. 4). Seasonal-trend decompos-
ition analysis showed that the positive remainder in
September to November in both 2012 and in 2013
was prominent in each climate division. Irregular
remainders were observed from September 2009 to
March2010 inmostof thedivisions.The shapeof the sea-
sonal trend in South Japan (Okinawa), Kyushu, and
Nankai (dual peaks) differed from those in the other cli-
mate divisions (Fig. 5).

Climate factors and HRSV occurrence

In the contour plot map, reported summer HRSV
cases were clustered at temperatures higher than
25 °C and relative humidities greater than 50%
(Fig. 6). Four models were computed using meteoro-
logical factor(s): temperature and/or relative humidity

and the interaction term (temperature × relative hu-
midity) (Table 1). Those models showed that higher
temperature and higher relative humidity were asso-
ciated with HRSV occurrence. The best-fit model
was the final model (model 4), which included the
interaction term and had an AIC value of 11·31 and
a BIC value of –20 519·64. No influential data on out-
come variables was shown by using the Cook distance
plot. All the values of Cook distance were <1·0. In
addition, the interaction term was statistically signifi-
cant when the temperature was highest (>28·2 °C =
fourth quartile) at any relative humidity, and when
temperature was higher than 26·0 °C but lower than
28·2 °C (third quartile) and relative humidity was
highest (>79·0% = fourth quartile). These findings in-
dicate that such temperature and relative humidity
conditions increase synergistically the number of the
HRSV cases. Coefficients of HRSV cases/1000 per-
sons per sentinel site, in relation to the combination
of meteorological conditions, are shown in Figure 7.
The marginal effect on HRSV cases/1000 persons
per sentinel is shown in Table 2. When temperature
was 528·2 °C, coefficients of HRSV occurrence
increased gradually as relative humidity increased.
When temperature was 526·0 °C and <28·2 °C,
coefficients of HRSV occurrence were high when

Fig. 4. Trends in human respiratory syncytial virus epidemics for each climate region in Japan: 2007–2008 to 2013–2014.
Epidemic curves were divided into 11 regions, using the Sekiguchi climate classification [22], as shown in Figure 1.
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Fig. 5. Results of decomposition analyses for each climate region in Japan: 2007–2014. Data on human respiratory syncytial virus occurrence in 11 climate regions were
decomposed to three components: seasonal, trend, and remainder.
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relative humidity was high (579·0%). Regarding the
year variable, year was positively associated with the
reported cases of HRSV. In particular, significantly
higher numbers of HRSV cases were reported in
2011, 2012, and 2013 than in 2007.

DISCUSSION

This study confirmed the occurrence of summer
HRSV cases in temperate areas of Japan and iden-
tified meteorological conditions associated with such
occurrences. Previous studies showed that, in temper-
ate zones such as mainland Japan, HRSV cases
increased from autumn to winter, but not in summer
[1]. In contrast, tropical or subtropical zones, like
Okinawa Island, have multiple and diverse peaks in
incidence throughout the year, particularly during
the rainy season [5]. However, current study showed
that summer peak was observed in Kyushu and
Nankai climate division, which are located in Japan
mainland. Paediatricians responsible for infant care
need to be aware of the existence of summer cases of
HRSV in temperate zones, because children are at
higher risk of complications from HRSV infection
and may benefit from receiving prophylaxis drugs.

Results of negative binomial regression models in-
dicate that higher temperature and higher relative

humidity are positively associated with HRSV occur-
rence in summer. Previous studies showed that lower
temperature and higher relative humidity were consist-
ently associated with HRSV cases in temperate zones
[4]. Because more cases are reported in autumn/winter
in temperate zones than in summer, HRSV epidemics
were associated with lower overall temperatures in
previous studies. Consideration of the interaction
term temperature × relative humidity in the present
model enabled us to understand synergistic effects of
meteorological conditions with HRSV occurrence.
Higher relative humidity is consistently associated
with summer HRSV trends and in whole-year studies
[7, 8, 11]. In addition, our focus on summer cases
allowed us to investigate the association between me-
teorological conditions and HRSV occurrence in sum-
mer. A previous epidemiological study showed a
bimodal association between temperature and HRSV
incidence: activity peaks were observed at tempera-
tures of 24–30 °C and 2–6 °C [25]. This indicates
that HRSV is active at both high and low tempera-
tures. In conditions of high temperature and high hu-
midity, HRSV is stable enough to be transmitted in
large-particle aerosols [26, 27]. At low temperatures,
HRSV is believed to be stable in solutions of human
secretions in the environment [28]. Thus, we conclude
that HRSV transmission differs in autumn to winter

Fig. 6. Contour plots of climate conditions associated with summer human respiratory syncytial virus (HRSV) epidemics
(weeks 23–35) in Japan. The plot shows optimal meteorological conditions associated with HRSV circulation per sentinel,
in all prefectures, during summer (weeks 23–35; corresponding to June–August in the study period). Average temperature
and relative humidity are shown on the x and y axes, respectively. Weekly HRSV cases in each prefecture was set as the Z
value. On the map, colours indicate HRSV activity, from no or few cases (blue) to many cases (red).
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Table 1. Negative binomial regression models used to analyse factors associated with HRSV occurrence in Japan

Model 1 Model 2 Model 3 Model 4

Coeff.* (95% CI) Coeff. (95% CI) Coeff. (95% CI) Coeff. (95% CI)

Variables
Temperature, °C

<23·3 Reference Reference Reference
523·3 and <26·0 −0·04 (–0·13 to 0·05) −0·09 (–0·18 to 0) NS†
526·0 and <28·2 0·43 (0·34 to 0·51) 0·43 (0·34 to 0·52) NS
528·2 0·80 (0·72 to 0·89) 0·88 (0·79 to 0·96) NS

Relative humidity, %
<69 Reference Reference Reference
569 and <73 0·05 (–0·04 to 0·13) 0·13 (0·04 to 0·22) NS
573 and <79 0·06 (–0·02 to 0·15) 0·26 (0·17 to 0·35) NS
579 0·05 (–0·04 to 0·14) 0·36 (0·27 to 0·45) NS

T (°C) ×H (%) (interaction term)
T < 23·3 ×H< 69 Reference
23·34T< 26·0 × 694H< 73 0·04 (–0·27 to 0·35)
23·34T< 26·0 × 734H< 79 0·12 (–0·18 to 0·41)
23·34T< 26·0 × 794H 0·08 (–0·19 to 0·36)
26·04T< 28·2 × 694H< 73 −0·17 (–0·43 to 0·10)
26·04T< 28·2 × 734H< 79 −0·13 (–0·39 to 0·13)
26·04T< 28·2 × 794H 0·51 (0·25 to 0·77)
T5 28·2 × 694H< 73 0·26 (0·03 to 0·50)
T5 28·2 × 734H< 79 0·70 (0·44 to 0·95)
T5 28·2 × 794H 1·57 (1·23 to 1·90)

Year
2007 Reference Reference Reference Reference
2008 0·26 (0·14 to 0·37) 0·34 (0·22 to 0·45) 0·25 (0·14 to 0·37) NS
2009 0·16 (0·04 to 0·27) 0·14 (0·03 to 0·26) 0·16 (0·04 to 0·27) NS
2010 −0·08 (–0·19 to 0·04) 0·08 (–0·03 to 0·20) −0·11 (–0·23 to 0) NS
2011 0·99 (0·87 to 1·1) 1·16 (1·05 to 1·28) 0·93 (0·81 to 1·04) NS
2012 1·18 (1·06 to 1·29) 1·36 (1·24 to 1·47) 1·10 (0·99 to 1·22) NS
2013 1·36 (1·25 to 1·48) 1·55 (1·44 to 1·67) 1·32 (1·21 to 1·44) NS

Akaike’s Information Criterion 11·36 11·48 11·35 11·31
Bayesian Information Criterion −20 377·90 −19 891·03 −20 419·00 −20 519·60

CI, Confidence interval; T, temperature; H, relative humidity.
* Coefficient of the variables.
†NS, data not shown because model used the interaction term.
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Fig. 7. Marginal effect of meteorological conditions (combinations of temperature and relative humidity) on human
respiratory syncytial virus (HRSV) incidence/1000 persons per sentinel site. Differences in meteorological conditions affect
the extent of the increase in HRSV occurrence. T, average weekly temperature; H, average relative humidity.

Table 2. Negative binomial regression model to analyse marginal effect of meteorological conditions on HRSV
cases/1000 persons per sentinel in Japan

Variables Coeff.* (95% CI) P

Meteorological condition [combinations of T (°C) and H (%)]
T< 23·3 and H< 69 Reference
T< 23·3 and 694H< 73 0·03 (−0·16 to 0·22) 0·784
T< 23·3 and 734H< 79 0·03 (−0·16 to 0·21) 0·787
T< 23·3 and 794H −0·08 (−0·25 to 0·10) 0·395
23·34T< 26·0 and H< 69 −0·11 (−0·35 to 0·13) 0·36
23·34T< 26·0 and 694H< 73 −0·04 (−0·25 to 0·16) 0·684
23·34T< 26·0 and 734H< 79 0·03 (−0·15 to 0·21) 0·739
23·34T< 26·0 and 794H −0·11 (−0·27 to 0·06) 0·212
26·04T< 28·2 and H< 69 0·37 (0·16 to 0·57) <0·001
26·04T< 28·2 and 694H< 73 0·23 (0·04 to 0·41) 0·016
26·04T< 28·2 and 734H< 79 0·26 (0·08 to 0·44) 0·005
26·04T< 28·2 and 794H 0·80 (0·61 to 0·99) <0·001
T5 28·2 and H< 69 0·43 (0·26 to 0·59) <0·001
T5 28·2 and 694H< 73 0·72 (0·54 to 0·89) <0·001
T5 28·2 and 734H< 79 1·15 (0·94 to 1·35) <0·001
T5 28·2 and 794H 1·92 (1·60 to 2·23) <0·001

Year
2007 Reference
2008 0·27 (0·15 to 0·38) <0·001
2009 0·14 (0·03 to 0·25) 0·017
2010 −0·08 (-0·19 to 0·04) 0·196
2011 0·97 (0·85 to 1·09) <0·001
2012 1·10 (0·99 to 1·22) <0·001
2013 1·36 (1·25 to 1·48) <0·001

CI, Confidence interval; T, temperature; H, relative humidity.
* Coefficient of the variables.
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(at low temperatures) and summer (at high tempera-
tures). Of course, potential unmeasured confounders
might be important, such as differences in patterns
of human contact in summer and in winter [29].
Detailed studies of such confounders are needed.

Several studies found that global climate change
affects geographic and temporal patterns of infectious
disease epidemics [30–32]. Ongoing global warming
may have created a warmer, more humid summer cli-
mate in temperate zones and thus might improve con-
ditions for HRSV transmission in Japan. If so, the
number of summer HRSV cases is likely to increase
in temperate areas in the near future. Future studies
should examine the association between climate
change and HRSV transmission in temperate zones
in summer.

Previous studies using various methods showed
significant associations of HRSV incidence with me-
teorological factors such as temperature, relative hu-
midity, and amount of rainfall. Most studies used
regression, but some utilized an autoregressive inte-
grated moving average (ARIMA) model to predict
the occurrence of HRSV cases [11, 13, 16]. In this
study, we first used a negative binomial regression
model to examine the association between HRSV oc-
currence and meteorological conditions, using number
of reported HRSV cases/1000 persons per sentinel in
national surveillance data. That analysis revealed the
meteorological conditions associated with summer
HRSV occurrence. To our knowledge, this study is
the first to identify meteorological conditions asso-
ciated with summer HRSV occurrences. Evaluation
of the interaction effect of temperature and relative
humidity was challenging, and our results are only
valid for summer in Japan. Thus, future studies should
attempt to develop and validate our findings in other
conditions and countries.

The national surveillance data on reported HRSV
cases used in this study are reliable because they are
mostly based on diagnoses made using commercial
rapid test kits for HRSV infection in Japan. The sen-
sitivity and specificity of these kits are typically >90%
[33]. The rapid test kit for HRSV was first marketed in
2003 but was used only for inpatients aged <3 years.
In 2006, health insurance began to cover the cost of
use in all paediatric inpatients. In 2011, coverage
was extended to outpatients aged <1 year and to
children born prematurely or with complications
(until age 2 years), for whom palivizumab is indicated.
Thus, rapid test kits are now widely used by Japanese
paediatricians in clinical settings. HRSV infection is

now easily diagnosed, especially suspected cases in
summer. The characteristics of the Japanese health
care system also increase the reliability of the surveil-
lance data, as almost all patients have access to a doc-
tor when fever or respiratory symptoms develop [34].

This study had several limitations. First, we did not
consider genetic variation in HRSV circulating during
the study period. The appearance of a new HRSV
genotype could affect the scale of epidemics [35]. In re-
cent years, a new HRSV type A strain, ON1, has
emerged and has begun to circulate worldwide
[36, 37]. The emergence of such strains could affect
the timing of HRSV occurrences. Genetic variation
in circulating HRSV should be considered in a future
study. Second, the surveillance data could have been
affected by the perceived likelihood of diagnosis.
Paediatricians do not suspect HRSV infection in
older children, because symptoms are mild and self-
limiting, but some paediatricians might be diligent
in diagnosing HRSV infection. Such discrepancies
could lead to reporting bias and may affect surveil-
lance results. In addition, a commercial diagnostic
test kit for HRSV began to be used in clinical settings
during the study period, which may have resulted in
surveillance bias. Although there is a potential for
bias, data on national HRSV trends are believed to
be reliable because of the large number of medical
institutions involved (3000) in national infectious dis-
ease surveillance.

In conclusion, using 7 years of national surveillance
data on HRSV and detailed meteorological data, we
found that summer HRSV cases occurred in the tem-
perate zone in Japan. Higher temperature and higher
humidity were associated with HRSV circulation in
summer in Japan. As a preventive measure, paediatri-
cians should monitor local HRSV surveillance data in
summer. In addition, researchers should investigate
the effects of climate change and ongoing global
warming on HRSV occurrence.

SUPPLEMENTARY MATERIAL

For supplementary material accompanying this paper
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