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Abstract
Background
Respiratory syncytial virus (RSV), with a high incidence during winter, has been
changing its seasonality in recent years. Palivizumab, a humanized monoclonal antibody,
can reduce severe RSV cases. In Japan, monthly palivizumab is recommended for
children at high risk from September to March. However, duration of RSV epidemic
influences this palivizumab administration. Published studies showed that
meteorological and demographic factors could influence RSV epidemic. The objective
of this study was to examine whether incidence of other infectious diseases,
palivizumab immunoprophylaxis, meteorological factors and demographic factors are
associated with RSV epidemic.
Methods
This study involves retrospective analysis of RSV related aggregated patients’ data
(2012-2019) reported in Infectious Diseases Weekly Report (IDWR). Data on
meteorological parameters were obtained from the Japan Meteorological Agency.
Information on influenza incidence, population density, use of immunoprophylaxis and
area were collected from IDWR, Vital Statistics, National Database and Ministry of
Land, Infrastructure, Transport and Tourism, respectively. Bivariable and multivariable
analyses were conducted to explore the associations between RSV epidemic as
dependent variable and incidence of influenza, the number of palivizumab injections,
demographic characteristics and meteorological data (temperature, humidity and
rainfall) as independent variables.
Results
In bivariable and multivariable analyses, incidence of influenza was significantly

associated with RSV onset week, duration of RSV epidemic and peak of cases per



sentinel hospital. RSV epidemic onset and duration significantly differed in different
climate regions in Japan.

Conclusion

Influenza epidemic, meteorological factors and demographic factors may be associated

with RSV epidemic onset, duration and peak in Japan.



Introduction

Respiratory syncytial virus (RSV) is the leading cause of lower respiratory tract
infections in young children worldwide. A report estimated that RSV causes 33 million
lower respiratory tract infections, 3.2 million hospitalizations and 60,000 deaths in
children under 5 years of age each year (1). No vaccine is currently approved for RSV,
but palivizumab, a humanized monoclonal antibody, reduces hospitalizations when
delivered prophylactically to children at high risk (2-4). The risk factors of severe RSV
infection are prematurity, low birth weight, having siblings, maternal smoking,
congenital heart disease (CHD), bronchopulmonary dysplasia (BPD) and chromosomal
abnormality (5-8). In Japan, children born preterm, and children with CHD, BPD,
chromosomal abnormalities and immunocompromised state are considered to be at high
risk of severe RSV infections (9). Palivizumab as an immunoprophylactic agent for this
group of children is covered by social health insurance (SHI).

In Japan, RSV is one of the 23 infectious notifiable diseases (category V). Data
on category V infectious diseases are being collected by sentinel surveillance and
represented as cases per sentinel hospital. The number of sentinel hospitals is different
in each prefecture and is determined according to population size in each prefecture.
RSV surveillance started in 2003 in Japan. In the beginning, only RSV antigen test for
"inpatients under 3 years of age" was covered by SHI. In October 2011, the coverage of
SHI expanded to include "inpatients of all ages", "outpatients under 1 year of age" and
"patients who are eligible to receive palivizumab". Therefore, the period for this study
was from 2012 to 2019.

As palivizumab is expensive, it is necessary to administer palivizumab for an
appropriate period to effectively manage healthcare resources. Japan Pediatric Society

recommended palivizumab for children who are at high risk for severe RSV infections



monthly from September to March, which has been considered as the RSV epidemic
period in Japan (9,10). However, RSV epidemic period and its onset change every year
(11). In April 2018, Japan Pediatric Society changed their recommendation for
palivizumab immunoprophylaxis injections at the onset of RSV season as indicated by
local surveillance system (10). But it is difficult to decide when to start and when to
stop palivizumab prophylaxis. One study based on a mathematical model, demonstrated
earlier onset of RSV epidemic over the period of years and regional difference of RSV
epidemic in Japan (11).

Another study which divided Japan into 11 climate regions also showed
association between temperature and humidity and the number of RSV cases (12). One
study conducted in Thailand showed positive association between RSV incidence and
rainfall and relative humidity, and negative association between RSV incidence and
average temperature (13). RSV epidemic is usually repeated over seasons, but there are
some variations in some countries (14). Variations depend on the meteorological
conditions, locations and territories. In the United States, early RSV epidemic was
reported to be significantly associated with higher population density and race (15).
Another study conducted in Spain showed RSV epidemic as a predictor of seasonal
influenza (16). Several other studies also demonstrated association between certain
infectious disease as predictors of other infectious diseases (17-19). Therefore, it is
important to examine several other health related and environmental factors as
predictors of the RSV epidemic onset period, duration of the epidemic and the incidence
of RSV to better equip pediatricians for the immunoprophalaxis therapy using Japanese

data.



Methods

This study involved retrospective analysis of RSV related aggregated patients’
data published between 1% January 2012 and 31% December 2019 and reported in
Infectious Diseases Weekly Report (IDWR) by National Institute of Infectious Diseases.
Data on meteorological parameters (temperature, humidity and the amount of rainfall)
were obtained from the Japan Meteorological Agency. The meteorological data from
prefectural capital were also used. When the data of the prefectural capital was not
available, the data of the city with large population in the same prefecture was used.

Data on infectious diseases (RSV and influenza), population, immunoprophylaxis
and area were collected from IDWR, Vital Statistics, National Database and Ministry of
Land, Infrastructure, Transport and Tourism, respectively. RSV and influenza belong to
category V notifiable diseases and data on these infectious diseases are collected by
sentinel surveillance. Therefore, data on cases per sentinel hospital are available.
Weekly data on meteorological parameters and infectious diseases, monthly data on
population and annual data on the number of palivizumab injections were available.

Japan is divided into 11 climate regions as Sekiguchi climate classification
(Figure 1). National Institute of Infectious Diseases set the alert standard for influenza
with onset of 30 cases per sentinel hospital and end with onset of 10 cases per sentinel
hospital. Onset week and duration weeks of influenza epidemics are determined
according to these values. However, RSV doesn’t have alert standard. So, different
values were assumed (0.5, 1.0, 1.5, 2.0, 3.0, 3.45) as alert standards and analyses were
conducted using each of the standards. A peak of 3.45 cases per sentinel hospital was
observed in Japan. One previous study conducted in Japan used 0.5 cases per sentinel
hospital as standard, this study also used 0.5 as standard (11).

The first week of January was set as week one, and the weeks were assigned in



order until December. The year 2015 had 53 weeks and the rest of the years had 52
weeks. The epidemic period ended when the cases per sentinel hospital was below the
alert standard for 4 consecutive weeks. When there were two epidemics, the epidemic
with the higher peak of cases per sentinel hospital was considered to be the epidemic.
The number of onset week was set more than 52 or 53 week for infectious diseases
whose epidemics sometimes continue to the next year.

Onset week, duration weeks of the epidemic and peak of cases per sentinel
hospital of influenza in the previous year, and the number of immunoprophylaxis
(palivizumab) in the previous year were considered as independent variables. In
addition, area, population density, average temperature, average humidity and the total
amount of rainfall were also considered as independent variables. RSV onset week,
duration weeks of the epidemic and peak of cases per sentinel hospital were considered
as dependent variables in separate models. These data based on each prefecture were
collected as aggregated data and were used as weekly, monthly or yearly data in the
statistical models. The statistical analysis was explorative analysis using ecological
study design. Association between independent variables with dependent variables for
this cross-sectional time series data was examined using hierarchal linear model after
accounting for inter dependence between years. All statistical analyses were performed

using STATA IC 16.1.
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Figure 1: Sekiguchi Climate Classification

Results

Time series of RSV cases in each region (Hokkaido, Tohoku, Hokuriku, San-In,
Kyushu, Nankai, Setouchi, Sanriku-Hitachi, Tokai-Kanto, Chuo-Kogen and Okinawa)
are presented in Graph 1-11. Red line represents 0.5 cases per sentinel hospital. In each
region, onset week differed by years. RSV epidemic onset in Hokkaido tended to be
earlier over the year. The onset week in Tohoku, Hokuriku, San-In, Kyushu, Nankai,
Setouchi, Sanriku-Hitachi, and Tokai-Kanto showed the similar trend, however, the
peak of cases per sentinel hospital tended to increase over time in these regions. Onset

week in Chuo-Kogen also showed the similar trend, but the peak of cases per sentinel



hospital showed a decreasing trend. Onset week in Okinawa did not show any trend,
except in 2019 where the peak of cases per sentinel hospital showed upward trend.
Median of RSV onset week, duration weeks and peak of cases per sentinel hospital are
presented in Graph12-14. Duration weeks in Hokkaido was extremely long in 2017, but
other than that, there seems to be no difference in other years. The peak of cases per
sentinel hospital in all regions showed upward trend. Similar trends were observed in
analyses using other alert standards (1.0, 1.5, 2.0, 3.0, 3.45). Median and interquartile
ranges of RSV onset week, RSV duration weeks, RSV peak of cases per sentinel
hospital, influenza onset week, influenza duration weeks, influenza peak of cases per
sentinel hospital, average temperature, average humidity, total rainfall, the total number
of palivizumab doses, area and population density by year are shown in Table 1.

In bivariable analysis, influenza onset week in the previous year was significantly
associated with RSV onset week and RSV peak of cases per sentinel hospital (Table
2-4). Duration weeks of the epidemic and peak of cases per sentinel hospital of
influenza in the previous year were significantly associated with RSV onset week, RSV
duration weeks, RSV peak of cases per sentinel hospital. The number of palivizumab
doses in the previous year and population density were not significantly associated with
RSV onset week. The number of palivizumab doses in the previous year and population
density showed negative association with RSV duration weeks of the epidemic and RSV
peak of cases per sentinel hospital (Table 3, 4). Influenza onset week, duration weeks
and peak of cases per sentinel hospital in the previous year, average temperature,
average humidity and total rainfall showed positive association with RSV peak of cases
per sentinel hospital.

In multivariable analysis, only total rainfall was not significantly associated with

RSV onset week, RSV duration weeks and RSV peak of cases per sentinel hospital



(Table 5-7). For RSV onset week, average temperature and use of palivizumab in the
previous year showed positive association (Table 5). For RSV duration weeks, influenza
onset week in the previous year, influenza peak of cases per sentinel hospital in the
previous year, average humidity, area and population density also showed positive
association (Table 6). For RSV peak of cases per sentinel hospital, influenza onset week
in the previous year, influenza duration weeks of the epidemic in the previous year,

average temperature, and population density also showed positive association (Table 7).
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Graph 1: Time series of RSV cases reported per week in Hokkaido
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Graph 12: Median Onset Week of RSV epidemic
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Table 1: Median and interquartile ranges of RSV onset week and duration,

influenza onset week and duration and environmental factors

Median
2012 2013 2014 2015 2016 2017 2018 2019 p-value
(Interquartile Range)
RSV Onset Week 36 36 37 36 35 30 28 30 001
<0.
(week) (34-38) (32-37) (35-39) (34-41) (33-36) (28-31) (27-30.5) (28-31)
RSV Duration Weeks 19 22 22 20 21 27 20 17 001
<0.l
(weeks) (17-27) (18-28) (17-29) (17-26) (15-26) (21-36) (16-28) (15-19)
RSV Peak 2.4 2.6 3.0 3.0 2.6 3.9 3.0 4.1 001
<0.l
(case/hospital) (1.6-3.0) (1.4-3.0) (2.3-4.0) (2.5-4.1) (2.0-3.1) (2.9-5.6) (2.1-4.0) (2.6-5.9)
Influenza Onset Week 56 57 54 58 56 55 54 515 001
<0.
(week) (56-56) (56-57) (52-54) (58-59) (55-56) (54-55) (54-55) (50-52)
Influenza Duration Weeks 6 9 7 8 8 8 6 7 001
<0.
(weeks) (5-8) (8-10) (6-8) (7-9) (7-9) (8-10) (5-7) -1
Influenza Peak 44.9 363 33.7 419 42.0 39.1 54.2 553 o001
<0.
(case/hospital) (39.5-50.8) (31.0-41.3) (27.8-42.6) (34.3-57.6) (36.3-47.0) (30.4-44.5) (48.6-64.7) (47.6-65.7)
Average Temperature 16.2 15.6 16.0 16.9 16.7 16.1 16.6 16.8 001
<0.
°C) (7.1-22.8) (7.9-23.6) (7.7-22.7) (8.4-22.1) (9.0-23.8) (7.5-22.4) (9.1-22.8) (9.1-23.4)
Average Humidity 71.0 69.0 70.0 71.0 71.0 70.0 71.0 71.0 001
<0.
(%) (65.0-76.0) (62.0-75.0) (63.0-76.0) 64.0-77.0) (64.0-77.0) (63.0-76.0) (65.0-77.0) (64.0-77.0)
Total Rainfall 225 17.0 20.0 23.0 24.0 17.0 185 17.0 001
<0.
(mm) (6.5-44.0) (4.5-41.0) (5.5-43.5) (7.5-45.0) (7.0-46.5) (4.0-39.5) (4.0-43.5) (4.0-41.0)
Palivizumab 2997.5 3516 3819 2675 2554 0334
(dose) (1203-5553) (1496-6214) (2362-6456) (1791-5129) (1472-4230) ’
Area 5761.6 5761.6 5761.6 5761.6 5761.6 5761.6 5761.6 5761.6 0.998
(knf) (4105.8-7267.9) (4105.8-7267.9) (4105.8-7267.9) (4105.8-7267.9) (4105.8-7267.9) (4105.8-7267.9) (4105.8-7267.9) (4105.8-7267.9)
Popuation Density 275.7 274.7 27338 2734 2723 2714 269.9 268.3 0998
(person/kni) (186.2-5624.0)  (184.7-520.6) ~ (183.3-517.6)  (181.3-516.0) ~ (179.9-512.8)  (178.2-509.8) ~ (176.3-506.0)  (174.4-501.5) ’
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Table 2: Bivariable analysis between RSV onset week and independent variables

RSV Onset Week Coef. p value
Influenza Onset Week (Previous Year) 0.68 <0.01
Influenza Duration Weeks (Previous Year) -0.71 <0.01
Influenza Peak (Previous Year) -0.10 <0.01
Average Temperature -0.064 <0.01
Average Humidity -0.060 <0.01
Total Rainfall -0.0058 <0.01
Palivizumab (Previous Year) -9.2E-06 0.271
Area -0.000017 <0.01
Popuation Density -0.000021 0.592

Hokkaido Reference
Tohoku 3.3 <0.01
Hokuriku 2.9 <0.01
San-In 2.8 <0.01
Sekiguchi Kyushu 0.2 0.37
Climate Nankai 1.9 <0.01
Classification Setouchi 2.8 <0.01
Sanriku-Hitachi 1.2 <0.01
Tokai-Kanto 4.1 <0.01
Chuo-Kogen 9.0 <0.01
Okinawa -22.9 <0.01

Table 3: Bivariable analysis between RSV duration weeks and independent

variables

RSV Duration Weeks Coef. p value
Influenza Onset Week (Previous Year) -0.022 0.759
Influenza Duration Weeks (Previous Year) 0.38 <0.01
Influenza Peak (Previous Year) 0.091 <0.01
Average Temperature 0.045 <0.01
Average Humidity 0.084 <0.01
Total Rainfall 0.0087 <0.01
Palivizumab (Previous Year) -2.5E-04 <0.01
Area 0.000156 <0.01
Popuation Density -0.001048 <0.01

Hokkaido Reference
Tohoku -16.7 <0.01
Hokuriku -13.6 <0.01
San-In -13.2 <0.01
Sekiguchi Kyushu -8.5 <0.01
Climate Nankai -9.5 <0.01
Classification Setouchi -9.7 <0.01
Sanriku-Hitachi -11.9 <0.01
Tokai-Kanto -18.2 <0.01
Chuo-Kogen -21.5 <0.01
Okinawa -3.9 <0.01




Table 4: Bivariable analysis between RSV peak and independent variables

RSV Peak Coef. p value
Influenza Onset Week (Previous Year) 0.15 <0.01
Influenza Duration Weeks (Previous Year) 0.065 <0.01
Influenza Peak (Previous Year) 0.0051 <0.01
Average Temperature 0.0069 <0.01
Average Humidity 0.016 <0.01
Total Rainfall 0.0014 <0.01
Palivizumab (Previous Year) -7.4E-05 <0.01
Area -0.000010 <0.01
Popuation Density -0.000284 <0.01

Hokkaido Reference
Tohoku 0.6 <0.01
Hokuriku 1.1 <0.01
San-In 1.6 <0.01
Sekiguchi Kyushu 1.1 <0.01
Climate Nankai 1.4 <0.01
Classification Setouchi 0.8 <0.01
Sanriku-Hitachi 0.4 <0.01
Tokai-Kanto -0.3 <0.01
Chuo-Kogen -0.1 0.487
Okinawa 1.5 <0.01

Table 5: Multivariable Analysis between RSV onset week and independent

variables

RSV Onset Week Coef. p value
Influenza Onset Week (Previous Year) -0.12 0.009
Influenza Duration Weeks (Previous Year) -0.10 0.001
Influenza Peak (Previous Year) -0.079 <0.01
Average Temperature 0.012 0.013
Average Humidity -0.011 0.015
Total Rainfall 0.0014 0.096
Palivizumab(Previous Year) 0.000063 <0.01
Area -0.00026 <0.01
Popuationdensity -0.00091 <0.01
Year -1.8 0.002

Hokkaido Reference
Tohoku -15.6 <0.01
Hokuriku -15.4 <0.01
San-In -16.9 <0.01
Sekiguchi Kyushu -16.7 <0.01
Climate Nankai -15.1 <0.01
Classification Setouchi -15.7 <0.01
Sanriku-Hitachi -17.8 <0.01
Tokai-Kanto -14.5 <0.01
Chuo-Kogen -10.2 <0.01
Okinawa -40.4 <0.01
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Table 6: Multivariable analysis between RSV duration weeks and independent

variables
RSV Duration Weeks Coef. p value
Influenza Onset Week (Previous Year) 0.56 <0.01
Influenza Duration Weeks (Previous Year) -0.23 0.019
Influenza Peak (Previous Year) 0.12 <0.01
Average Temperature -0.043 0.002
Average Humidity 0.070 <0.01
Total Rainfall -0.000011 1.00
Palivizumab(Previous Year) -0.00052 <0.01
Area 0.00050 <0.01
Popuationdensity 0.0024 <0.01
Year -1.2 0.40

Hokkaido Reference
Tohoku 25.7 <0.01
Hokuriku 27.8 <0.01
San-In 31.2 <0.01
Sekiguchi Kyushu 33.8 <0.01
Climate Nankai 30.3 <0.01
Classification Setouchi 35.3 <0.01
Sanriku-Hitachi 29.1 <0.01
Tokai-Kanto 26.5 <0.01
Chuo-Kogen 21.1 <0.01
Okinawa 39.3 <0.01

Table 7: Multivariable analysis between RSV peak and independent variables

RSV Peak Coef. p value
Influenza Onset Week (Previous Year) 0.19 <0.01
Influenza Duration Weeks (Previous Year) 0.26 <0.01
Influenza Peak (Previous Year) -0.0030 0.034
Average Temperature 0.0041 0.037
Average Humidity -0.0052 0.005
Total Rainfall -0.00039 0.27
Palivizumab(Previous Year) -0.000087 <0.01
Area -0.000053 <0.01
Popuationdensity 0.00023 <0.01
Year 0.23 0.45

Hokkaido Reference
Tohoku -3.4 <0.01
Hokuriku -3.1 <0.01
San-In -2.5 <0.01
Sekiguchi Kyushu -3.1 <0.01
Climate Nankai -2.9 <0.01
Classification Setouchi -3.0 <0.01
Sanriku-Hitachi -3.7 <0.01
Tokai-Kanto -3.9 <0.01
Chuo-Kogen -4.2 <0.01
Okinawa -3.2 <0.01
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Discussion

Published studies showed a change in RSV incidence in recent years, while
several studies examined the factors associated with these changes. For example,
Shobugawa et al. and Obando-Pacheco et al. observed association between
meteorological and demographic factors and incidence and epidemic onset of RSV (12,
14). Several other studies reported association between infectious diseases such as
influenza incidence and RSV onset (16-19). The current study observed association
between RSV epidemic and influenza incidence and palivizumab prophylaxis used in
the previous year in addition to meteorological and demographic factors. Together, these
studies showed that, not only influenza, meteorological and demographic factors might
influence the onset of RSV epidemic.

The current study showed that epidemics of influenza was associated with RSV
epidemic. It might be due to the fact that some of the infectious diseases might
influence each other or there were similar confounders that determine the epidemic of
these infectious diseases. The reasons why influenza epidemic in the previous year
influenced RSV epidemic were unclear. Several previous studies reported that influenza
epidemic might affect other respiratory agents including RSV (20, 21). Other studies
also showed that pandemic influenza A(HIN1) 2009 delayed the onset of RSV
epidemic (22-24). Authors of these articles speculated that these changes could be due
to mutual viral interference leading to competitive forms of pathogen-pathogen
interactions. In addition, Khaitov et al. showed that infected cells produce interferon and
cytokines to fight against the virus (25). Pinky et al. showed that viruses compete for
the resource of target cells, and that viruses with faster growth rates can overcome
viruses with slower growth rates (26). Therefore, there might be time interval during

which secondary virus infection doesn’t occur after primary infection because primary
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virus consumes all the target cell completely. This speculation is consistent with the
result that influenza epidemic delayed RSV epidemic in the current study.

Based on adjusted analyses in the current study, RSV onset showed negative
association with influenza onset which was not consistent with results of other studies.
On the other hand, RSV duration weeks of the epidemic and RSV peak of cases per
sentinel hospital showed negative association with influenza duration weeks of the
epidemic and influenza peak of cases per sentinel hospital, respectively. These results
may reflect the competitive relationship between influenza and RSV.

This study has several limitations. We used ecologic study design used for this
investigation which is weak in nature and generates only association, not necessarily
causal association. There might be some potential confounders in this study. For
example, influenza epidemic in the previous year could change the behavior related to
hygiene in the following year. Public measures adopted in the previous year, the number
of prescriptions of anti-influenza drug and the number of influenza vaccines might be
also potential confounders. Another limitation of this study was the surveillance system
for RSV which was based on sentinel surveillance. Thus, it was difficult to know the
total number of RSV cases with the current system. Under these circumstances, it was
also difficult to determine the epidemic of RSV. Based on these limitations, the actual
RSV onset week and duration weeks of the epidemic may be different. Future studies
are needed to examine the onset of RSV epidemic and its duration based on RSV

incidence.

Conclusion
Influenza epidemic, meteorological factors and demographic factors showed

association with RSV epidemic onset and its duration based on aggregated data. These
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findings may help better understand RSV epidemic in Japan.
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