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Abstract

Background: Non-pharmaceutical interventions (NPIs), such as sanitary measures and travel restrictions, aimed at
controlling the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), may affect the transmission dynamics
of human respiratory syncytial virus (HRSV). We aimed to quantify the contribution of the sales of hand hygiene
products and the number of international and domestic airline passenger arrivals on HRSV epidemic in Japan.

Methods: The monthly number of HRSV cases per sentinel site (HRSV activity) in 2020 was compared with the
average of the corresponding period in the previous 6 years (from January 2014 to December 2020) using a
monthly paired t-test. A generalized linear gamma regression model was used to regress the time-series of the
monthly HRSV activity against NPI indicators, including sale of hand hygiene products and the number of domestic
and international airline passengers, while controlling for meteorological conditions (monthly average temperature
and relative humidity) and seasonal variations between years (2014–2020).

Results: The average number of monthly HRSV case notifications in 2020 decreased by approximately 85% (p <
0.001) compared to those in the preceding 6 years (2014–2019). For every average ¥1 billion (approximately
£680,000/$9,000,000) spent on hand hygiene products during the current month and 1month before there was a
0.29% (p = 0.003) decrease in HRSV infections. An increase of average 1000 domestic and international airline
passenger arrivals during the previous 1–2 months was associated with a 3.8 × 10− 4% (p < 0.001) and 1.2 × 10− 3%
(p < 0.001) increase in the monthly number of HRSV infections, respectively.

Conclusions: This study suggests that there is an association between the decrease in the monthly number of
HRSV cases and improved hygiene and sanitary measures and travel restrictions for COVID-19 in Japan, indicating
that these public health interventions can contribute to the suppression of HRSV activity. These findings may help
in public health policy and decision making.

Keywords: COVID-19, SARS-CoV-2, HRSV, NPIs, Epidemics

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: waga@med.niigata-u.ac.jp
1Division of International Health (Public Health), Graduate School of Medical
and Dental Sciences, Niigata University, 1-757 Asahimachi dori, Chuo-ku,
Niigata City 951-8510, Japan
Full list of author information is available at the end of the article

Wagatsuma et al. BMC Infectious Diseases          (2021) 21:734 
https://doi.org/10.1186/s12879-021-06461-5

http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-021-06461-5&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:waga@med.niigata-u.ac.jp


Background
The human respiratory syncytial virus (HRSV) is an in-
fection of the respiratory tract which causes clinically se-
vere pneumonia in young children and bronchitis in
infants [1]. Globally, acute lower respiratory tract infec-
tions (ALRIs) caused by HRSV lead to the deaths of ap-
proximately 70,000 children under the age of 5 years
annually, and with approximately 3.4 million people re-
quiring hospitalization worldwide [2, 3]. Recently, the
global burden of disease caused by HRSV has become
more apparent, not only in infants and young children,
but also in the elderly (≥65 years); furthermore, no ef-
fective vaccine has yet been developed, leaving a signifi-
cant clinical impact [4, 5].
The coronavirus disease 2019 (COVID-19), caused by

the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), is currently an unprecedented global
pandemic [6, 7]. As of late February 2021, more than
108.2 million confirmed cases of COVID-19 have been
reported worldwide, with over 2.3 million deaths [8].
Japan experienced three COVID-19 epidemic peaks by
October 2020 [9], an increase in cases was expected, and
an effective approach to slow the spread of the virus was
sought-after.
The adoption of non-pharmaceutical interventions

(NPIs), including sanitary measures and travel restric-
tions, is crucial for reducing the transmission of respira-
tory infections such as COVID-19, especially before
effective vaccines become widely available [10–13]. The
World Health Organization (WHO) has recommended
NPIs such as hand hygiene, social distancing measures,
and use of face masks to reduce COVID-19 transmission
[14]. These hygiene measures provide a good opportun-
ity to promote universal disease control and prevention
measures in local communities [15].
Interventions aimed at reducing the impact of the

COVID-19 pandemic may potentially affect the epidemic
dynamics of other respiratory infections [16]. In Japan,
contagious viral respiratory diseases such as seasonal in-
fluenza and HRSV commonly cause epidemics. For sea-
sonal influenza, a downward trend was reported in
Brazil, Singapore, Taiwan, and Japan during the COVID-
19 pandemic, indicating that seasonal influenza activity
was less in 2020 than in previous years [16–20]. Even in
the southern hemisphere, such as Australia, no historical
summer outbreaks were reported, and seasonal influenza
activity was low [21]. Evidence reporting the potential ef-
fect of public health interventions during the COVID-19
pandemic on the reduction of HRSV activity is scarce
and unclear.
To understand the potential effect of NPIs for

COVID-19 prevention on HRSV activity in Japan, epi-
demiological analysis of the transmission dynamics of
HRSV in relation to NPI indicators is needed. The

potential effects of increased hygiene practices and de-
creased human movement brought about by the
COVID-19 pandemic may extend to the reduction of
other viral infections at the local level. The main aim of
the present study is to determine the effects of NPIs on
HRSV activity. Here, we compared HRSV activity in
Japan during 2020 to that in the preceding 6 epidemio-
logic years (2014–2019) to identify the current charac-
teristics of HRSV activity. We further investigated
associations between HRSV activity and the indicators
for NPIs, such as the sale of hand hygiene products and
the number of international and domestic airline passen-
ger arrivals over the study period (2014–2020). This
study provides basic epidemiological information on
whether adherence to NPIs for COVID-19 prevention
contributed to the reduction of HRSV transmissibility in
Japan in 2020.

Methods
National HRSV surveillance data
The HRSV epidemiological data used in this study
was obtained from the Infectious Disease Weekly Re-
port (IDWR), which was sourced from the National
Epidemiological Surveillance of Infectious Diseases
(NESID) data published by the National Institute of
Infectious Diseases, Japan (NIID) under the Ministry
of Health, Labor and Welfare, Japan (MHLW) [22].
The MHLW manages approximately 3000 pediatric
sentinel sites (i.e., hospitals and clinics) in Japan,
which report the number of patients diagnosed with
an HRSV infection on a weekly basis to the prefec-
ture or municipal public health sectors in Japan [23,
24]. A confirmed case of HRSV infection is defined
by a positive result in a rapid diagnostic test (RDT)
kit licensed in Japan, or a laboratory confirmation
such as virus isolation or antibody titer increase in
paired sera according to the MHLW guidelines [25].
The number of sentinels assigned to each public
health service area is determined based on population
size: a public health centre with < 30,000 individuals
has one sentinel, a centre with 30,000–75,000 individ-
uals has two sentinels, and one with > 75,000 individ-
uals has ≥3 sentinels, as determined by the following
formula: 3 + (population–75,000)/50,000 [26]. These
sentinel sites forward clinical data to approximately
60 prefectural or municipal public health sectors, and
these data are electronically reported to the NIID; the
number of HRSV cases are released weekly through
its online website. In this present study, we extracted
the total number of HRSV cases per sentinel site
(HRSV activity) at a national level in Japan reported
in weeks 1–52, in 2014–2020 from the NESID. The
monthly HRSV activity at national level in Japan were
compiled based on these weekly HRSV data.
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NPI indicators
Retail sales of hand hygiene products
To evaluate the level of hand hygiene behavior (i.e.,
potential effect of sanitary measures), we used data
regarding the monthly retail sales of hand hygiene
products (hand soap and ethyl alcohol) per ¥1 billion
(approximately £6800,000/$9,000,000) (unit: yen) as
an explanatory variable in the models presented here.
These were extracted from the statistics of production
in the chemical industries under the Ministry of
Economy, Trade and Industry, Japan (METI) for the 7
epidemiologic years (2014–2020); these values were
summed and used as an indicator of retail sales of
hand hygiene products [27].

International and domestic airline passenger arrivals data
To evaluate the potential effect of travel restrictions, we
used the data regarding the monthly number of inter-
national and domestic airline passenger arrivals per 1000
population (unit: person) in Japan for the 7 epidemio-
logic years (2014–2020) as an explanatory variable in the
models used here. These data were sourced from the
statistics of air transport from the Ministry of Land, In-
frastructure, Transport and Tourism, Japan (MLIT) [28].

Meteorological data
Meteorological conditions such as average temperature
(unit: °C) and relative humidity (unit: %) are thought to
be significantly associated with the occurrence of the
HRSV epidemic in the temperate regions of Japan [26].
Therefore, we used these meteorological data (monthly
average temperature and relative humidity) published by
the Japan Meteorological Agency (JMA) as explanatory
variables in the models presented here [29]. Monthly
meteorological data collected from meteorological obser-
vatories situated in the prefectural capital city were used
for each prefecture. We extracted the monthly average
temperature and relative humidity for the 7 epidemio-
logic years (2014–2020). There were two meteorological
observatories with missing data on relative humidity.
Therefore, we selected observatories at the nearest dis-
tance (≤50 km) from the prefectural capital by substitu-
tion. Using the monthly meteorological data for each
prefecture, the average temperature and relative humid-
ity over the whole of Japan were calculated.

Statistical testing and modeling approach
First, we conducted a descriptive analysis of the study
period (2014–2020) to identify the characteristics of the
dataset included in this study. Specifically, we visualized
time-series seasonal variations in the number of HRSV
cases per sentinel site (HRSV activity), NPI indicators
(retail sales of hand hygiene products, and the number
of international and domestic airline passenger arrivals),

and meteorological conditions (average temperature and
relative humidity) during the study period. We then
compared monthly HRSV activity in 2020 with the aver-
age HRSV activity in the corresponding period in the 6
preceding epidemiologic years (January 2014–December
2020) using a monthly paired t-test.
In the construction of the predictive model, several

steps were taken to build a robust and reliable model.
Prior to constructing the model, we checked the prob-
ability distribution of the monthly number of HRSV
cases per sentinel site at the national level (normality ex-
amined by the Shapiro-Wilk test) (Additional file 1: Fig-
ure S1) and assessed the linearity between HRSV activity
with each independent variable. We adopted a general-
ized linear regression model (GLM) with gamma distri-
bution and log link function, allowing for
overdispersion, to investigate the association between
monthly HRSV activity and NPIs (retail sales of hand hy-
giene products and the number of international and do-
mestic airline passenger arrivals), while adjusting for
meteorological conditions (monthly average temperature
and relative humidity) and seasonal variations. The
monthly number of HRSV cases per sentinel site (con-
tinuous) was the dependent variable, and monthly retail
sales of hand hygiene products per ¥1 billion (continu-
ous), monthly number of international and domestic air-
line passenger arrivals per 100,000 population
(continuous), and meteorological conditions (monthly
average temperature and relative humidity) (continuous)
were included as explanatory variables. Furthermore, the
model was adjusted by using year variables (2014, 2015,
2016, 2017, 2018, 2019, and 2020) (category) as a covari-
ate to control seasonal variation. The goodness-of-fit of
the predictive model was assessed in a combined way
using the dispersion parameter (α) and the Akaike Infor-
mation Criterion (AIC) [30, 31]. α is the variance param-
eter of the model, an α value of less than 1.5, suggests
that the deviation of the observed data from the model
is not too large (i.e., the model fits the observed data
well). Although there is no theoretical basis for this cri-
terion, it has been shown that α < 1.5 can significantly
improve the degree of overdispersion [31, 32]. In the
present analysis, the overdispersion of each model was
mitigated using gamma distribution to ensure that α was
less than 1.5. Generally, the best model with a lower
AIC value is preferred as it achieves a more optimal
combination of goodness-of-fit and parsimony. AIC was
calculated as –2ln(L) + 2 K where ln(L) is the maximum
value of the log-likelihood function of the predictive
model and k represents the number of parameters.
All explanatory variables included in the predictive

model were examined for multicollinearity using Spear-
man’s rank-order correlation coefficient (ρ). If the vari-
ables were found to be highly correlated (|ρ| > 0.8) [33],
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we selected the variable with the strongest statistical cor-
relation with the dependent variable and discarded the
other variables. In the present analysis, no variables
showing a strong correlation were observed (Additional
file 1: Table S1).
Additionally, we considered lags (delays in effect) of

up to 4 months from several previous studies [34–40].
Specifically, Spearman’s rank-order correlation coeffi-
cients between the monthly number of HRSV cases per
sentinel site and the retail sales of hand hygiene prod-
ucts, the number of international and domestic airline
passenger arrivals, and meteorological conditions
(monthly average temperature and relative humidity)
with lags of 0–4 months were considered. Since includ-
ing all relevant lags in the model could lead to signifi-
cant collinearity, a new explanatory variable was created
using the moving averages of the two lags that had the
greatest significant correlation coefficient and were in-
corporated into the final predictive model [41, 42]. Based
on analysis results, we created new explanatory variables:
moving average of retail sales of hand hygiene products
for the current month and to 1month (lag 0–1 months
average), moving average of domestic airline passengers
and international airline passenger arrivals for 1 month
and 2months (lag 1–2 months average), moving average
of average temperature for 3 months and 4months (lag
3–4 months average), and moving average of relative hu-
midity for 1 month and 2months (lag 1–2months aver-
age), and developed a final predictive model that takes
these into account (Additional file 1: Table S2).
In summary, the predictive model was conceptualized

using the following formula:

Y t j EY � Gamma EYð Þ ð1Þ
ln EYð Þ≔β1 f NPIstð Þ þ β2 f T tð Þ þ β3 f RHtð Þ þ Yeari þ ηi ð2Þ

where Yt is the outcome series and EY is the expected
time-series of the monthly HRSV activity. f(NPIt) is the
moving average of the two lags that had the greatest sig-
nificant correlation coefficient of monthly NPI indicators
(retail sales of hand hygiene products, the number of
international and domestic passenger arrivals) with
HRSV activity with a lag of 0–4 months; f(Tt) and f(RHt)
indicate moving averages of the two lags that had the
greatest significant correlation coefficient of monthly
average temperature and relative humidity, respectively,
with HRSV activity with a lag of 0–4 months. The terms
β1, β2, and β3 indicate regression coefficients, Yeari rep-
resents indicator variables of year, and term ηi corre-
sponds to the intercept.
Four final predictive models were constructed to

evaluate the direct effects of each NPI indicators. Model
0 is a base model adjusted for meteorological and year
variables. Models 1, 2, and 3 used the same variables as

Model 0, plus the retail sales of hand hygiene products,
the number of domestic airline passenger arrivals, and
the number of international airline passenger arrivals, re-
spectively. Regression coefficients and p-values were cal-
culated for each predictive model. To examine the
robustness of the main findings, after establishing the
final model using the process outlined above, we per-
formed sensitivity analyses for the main analyses with a
long lag period for each NPI indicator, depending on the
lag effect selection. Statistical significance was set at p-
value of less than 0.05, on a two-tailed test. All analyses
were performed using STATA 15.1 software (Stata Corp,
College Station, TX, USA).

Ethical considerations
The present ecological study analyzed publicly available
data. As such, the datasets used in our study were de-
identified and fully anonymized in advance, and the ana-
lysis of publicly available data without any identifiable
information does not require ethical approval.

Data sources
An anonymized dataset that enables the replication of
the analysis are publicly available (sources are mentioned
in Methods and References). Datasets generated during
the study are available on request from the correspond-
ing author.

Results
Long-term monthly seasonal variations in HRSV activity,
NPI indicators, and meteorological conditions during
2014–2020
Figure 1a shows the monthly number of HRSV cases per
sentinel site (HRSV activity) in Japan for the 7 epidemio-
logic years (2014–2020), illustrating the decrease in
HRSV activity during the COVID-19 pandemic in 2020.
Typically, HRSV follows a seasonal pattern, with HRSV
cases peaking in the winter months (November–March)
in temperate regions, such as Japan. The average
monthly HRSV activity was relatively similar each year:
3.69 cases in 2019, 3.19 cases in 2018, 3.68 cases in
2017, 2.83 cases in 2016, 3.18 cases in 2015, and 2.66
cases in 2014; however 2020 showed the lowest inci-
dence with 0.47 cases. Specifically, the average number
of HRSV cases during January–December 2020 de-
creased by approximately 85% (paired t-test, p < 0.001)
compared to those in the preceding 6 epidemiologic
years (2014–2019). In addition, the monthly HRSV activ-
ity during the COVID-19 pandemic in Japan dramatic-
ally decreased from January to May 2020, with no major
epidemic peaks observed in contrast to the previous
years.
Monthly variation was observed in the retail sales of

hand hygiene products, the number of international and
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Fig. 1 (See legend on next page.)
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domestic airline passenger arrivals, and meteorological
conditions (monthly average temperature and relative
humidity) during the study period (2014–2020) (Fig. 1b-
f). The monthly retail sales of hand hygiene products,
shown in Fig. 1b, has remained constant at approxi-
mately ¥7 billion (approximately £47,600,000/
$63,000,000) for the past 6 years (2014–2019), but a
sharp upward trend was observed in January 2020. Spe-
cifically, there was a sharp increase between January and
April 2020, a slight decrease in May, before an increase
again in June and July which was sustained at approxi-
mately ¥11 billion (approximately £74,800,000/
$99,000,000). Monthly average number of domestic and
international passenger arrivals was approximately 8.3
million and 1.7 million people respectively for the past 6
years, which declined sharply from January to May 2020.
(Fig. 1c and d). In 2020, the number of both domestic
and international airline passengers was low, but the
former showed recovery from May onwards. The aver-
age temperature and relative humidity did not vary sig-
nificantly throughout the study period (Fig. 1e and f).
The average temperature peaks at approximately 27 °C
in August of each year and the relative humidity was ap-
proximately 60–80% throughout the year.

Association between monthly HRSV activity and NPI
indicators adjusted for meteorological conditions and
seasonality during 2014–2020
Results of the time-series generalized linear gamma re-
gression analysis for monthly HRSV activity are shown
in Table 1. Regression analysis showed that retail sales
of hand hygiene products and the number of inter-
national and domestic passenger arrivals were signifi-
cantly associated with monthly HRSV activity after
adjusting for meteorological conditions (monthly average
temperature and relative humidity) and year variables
(seasonality) during 2014–2020 (Table 1). We found that
every average ¥1 billion increase spent on retail hand hy-
giene products during the current month and one
month before (lag 0–1 months) was independently asso-
ciated with a 0.29% decrease in the monthly HRSV activ-
ity (Model 1: coefficient − 0.29, p = 0.003, α = 0.47). In
contrast, in Models 2 and 3, an increase of an average
1000 domestic and international airline passenger ar-
rivals during the 1 through the 2 months before (lag 1–
2 months) was associated with a 3.8 × 10− 4% and 1.2 ×

10− 3% increase in monthly HRSV activity, respectively
(Model 2: coefficient 3.8 × 10− 4, p < 0.001, α = 0.30;
Model 3: coefficient 1.2 × 10− 3, p < 0.001, α = 0.32). For
the year variable in each model, 2020 was associated
with a greater decrease in HRSV activity than in the
other years (2014–2019).

Further investigations
We conducted sensitivity analyses to verify the robust-
ness of our results. Specifically, we varied the lag time of
each NPI indicator for a longer period and performed
the same analysis outlined above. The results suggested
that the long lag period for the retail sales of hand hy-
giene products was associated with a greater reduction
in the HRSV activity compared to the main analysis
(Additional file 1: Table S3). On the other hand, a longer
lag period for domestic and international airline passen-
ger arrivals was associated with a slightly smaller de-
crease in HRSV activity compared to the main analysis
(Additional file 1: Tables S4–5). These sensitivity ana-
lyses confirm the robustness of the main analysis and
our main findings were largely insensitive.

Discussion
In the present study, we assessed the association be-
tween HRSV activity and NPI indicators such as sanitary
measures and travel restrictions, focusing on the acute
effects of the COVID-19 pandemic. Despite the simpli-
fied assumptions, our results suggest that the NPIs in
Japan may have had a positive impact on the transmis-
sion dynamics of HRSV. Specifically, the average
monthly HRSV cases (HRSV activity) in 2020 decreased
by approximately 85% compared with that of the previ-
ous 6 years (2014–2019). Notably, reductions in HRSV
activity of 0.29%, 3.8 × 10− 4%, and 1.2 × 10− 3% were in-
dependently associated with an increase per unit in the
amount spent on retail sales of hand hygiene products at
lag of 0–1 months and a decrease per unit in the number
of domestic and international passenger arrivals at lag of
1–2 months, respectively. In 2020, we found a significant
decrease in HRSV activity across multiple NPI indica-
tors. Additionally, our results suggest that there may be
a long-term temporal association between HRSV activity
and NPIs, i.e., the effect of these NPIs on HRSV activity
does not necessarily mean that they had an effect only
within this follow-up period (2014–2020). Our results

(See figure on previous page.)
Fig. 1 Monthly seasonal variations of number of HRSV activity, NPI indicators, and meteorological conditions during 2014–2020. a Monthly
seasonal variations of number of HRSV cases per sentinel sites based on national HRSV surveillance data during 2014–2020. b Monthly seasonal
variations of retail sales of hand hygiene products per ¥1 billion (unit: yen) during 2014–2020. c Monthly seasonal variations of number of
domestic airline passengers per 1000 population (unit: person) during 2014–2020. d Monthly seasonal variations of number of international airline
passengers per 1000 population (unit: person) during 2014–2020. e Monthly seasonal variations of average temperature (unit: °C) throughout
Japan during 2014–2020. f Monthly seasonal variations of relative humidity (unit: %) throughout Japan during 2014–2020
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support our hypothesis that sanitary measures (such as
hand hygiene products) and travel restrictions imposed
to control the COVID-19 pandemic may have potentially
reduced the HRSV transmissibility and provide further
insights into their public health benefits.
To our knowledge, studies investigating the association

between HRSV activity and NPI indicators, including the
sale of retail of hand hygiene products and international
and domestic airline passengers during the COVID-19
pandemic, have been scarce to date. However, Cowling
et al. reported that various NPIs used during the
COVID-19 pandemic in Hong Kong may have had a sig-
nificant effect on the seasonal influenza epidemic [43].
Specifically, seasonal influenza transmission decreased
significantly after social distancing measures were imple-
mented and population behavior changed, with the rate

of infections in the community decreasing by 44%. They
also reported that 85% of respondents avoided crowds
and 99% said they wore a face mask when they went out
during the study period. A study including two hospitals
in Finland showed a significant reduction in seasonal in-
fluenza and HRSV cases in children after a national
lockdown, suggesting an immediate effect of social dis-
tancing [44]. Similarly, in Japan, it has been suggested
that widespread promotion of personal protective mea-
sures, such as wearing masks and hand washing, since
the beginning of the epidemic may have significantly re-
duced the transmissibility of seasonal influenza [45–48].
Based on the above effects of NPIs, we speculate that the
Japanese government’s NPI strategy may have also con-
tributed to reducing the HRSV transmission. The rea-
sons for the reduction in HRSV transmission observed

Table 1 Regression coefficient for HRSV activity: the results of a multivariate analysis

Model 0b Model 1c Model 2d Model 3e

Variable Lag (months)a Coef. p Coef. p Coef. p Coef. p

NPI indicator

Retail sales of hand hygiene productsf 0–1 −0.29 0.003

Domestic airline passenger arrivalsg 1–2 3.8 × 10− 4 < 0.001

International airline passenger arrivalsh 1–2 1.2 × 10−3 < 0.001

Other covariates

Average temperaturei 3–4 0.06 < 0.001 0.06 < 0.001 0.04 0.001 0.07 < 0.001

Relative humidityj 1–2 0.05 0.06 0.04 0.08 0.05 0.007 0.05 0.02

Intercept −4.26 0.01 −1.89 0.32 −7.17 < 0.001 −5.82 < 0.001

Year

2014 Ref. Ref. Ref. Ref.

2015 0.20 0.52 0.20 0.51 0.24 0.33 0.09 0.72

2016 0.13 0.96 0.05 0.86 −0.02 0.91 −0.37 0.16

2017 0.49 0.13 0.60 0.06 0.30 0.24 −0.03 0.90

2018 0.47 0.16 0.57 0.08 0.24 0.34 −0.23 0.44

2019 0.53 0.11 0.68 0.04 0.18 0.48 −0.20 0.49

2020 −1.55 < 0.001 −0.63 0.19 −0.66 0.04 −1.07 0.001

Model statistics

α 0.50 0.47 0.30 0.32

AIC 3.63 3.60 3.47 3.50

Abbreviations: Coef. regression coefficient, se standard deviation, AIC Akaike information criterion, α dispersion parameter
a Moving average
b Adjusted for monthly average temperature at a lag of 3–4months, monthly relative humidity at lag a of 1–2 months, and year variables (2014, 2015, 2016, 2017,
2018, 2019, and 2020)
c Generalized linear gamma regression model adjusted for the monthly retail sales of hand hygiene products per ¥1 billion at a lag of 0–1 months, monthly
average temperature at a lag of 3–4months, monthly relative humidity at a lag of 1–2 months, and year variables (2014, 2015, 2016, 2017, 2018, 2019, and 2020)
d Generalized linear gamma regression model adjusted for monthly number of domestic airline passenger arrivals per 1000 population at a lag of 1–2months,
monthly average temperature at a lag of 3–4 months, monthly relative humidity at a lag of 1–2 months, and year variables (2014, 2015, 2016, 2017, 2018, 2019,
and 2020)
e Generalized linear gamma regression model adjusted for number of international airline passenger arrivals per 1000 population at a lag of 1–2 months, monthly
average temperature at a lag of 3–4months, monthly relative humidity at a lag of 1–2 months, and year variables (2014, 2015, 2016, 2017, 2018, 2019, and 2020)
f Retail sales of hand hygiene products per ¥1 billion (unit: yen)
g Number of domestic airline passenger arrivals per 1000 population (unit: person)
h Number of international airline passenger arrivals per 1000 population (unit: person)
i Average temperature (unit: °C)
j Relative humidity (unit: %)
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in this study were multifactorial, as it was difficult to iso-
late the effects of sanitary measures and travel restric-
tions, which were examined in this study. These NPI
strategies are effective in reducing viral transmission in
the community, but convincing evidence to support
their effectiveness is currently lacking. Further detailed
long-term studies are needed to clarify the causal rela-
tionships and complex interactions.
The implementation of hand hygiene strategies, which

is feasible and recommended for use in a variety of set-
tings, is one of the interventions that can contribute to
the achievement of sustainable development goals
(SDGs) [49, 50]. These interventions have been intro-
duced in various countries and are considered an im-
portant strategy. Two previous systematic reviews and
meta-analyses of local communities in low-income and
middle-income countries have estimated that hand hy-
giene may reduce the transmission of respiratory infec-
tions by approximately 16 and 21%, respectively [51, 52].
Unlike for seasonal influenza, no licensed prophylactic
vaccine has been developed and supplied to date for
HRSV. With regards to drugs targeted against HRSV,
palivizumab (anti-HRSV antibody), the humanized
monoclonal antibody to HRSV fusion (F) protein, is cur-
rently limited to passive vaccination for the prevention
of severe disease [2, 53, 54]. Therefore, as a vaccine has
not yet been developed, thorough hand hygiene can be
an important intervention to reduce person-to-person
transmission of HRSV, thus preventing an epidemic. Im-
portantly, our preliminary findings suggest a possible
contribution of sanitary measures to the reduction of
HRSV activity in Japan; however, no information is avail-
able for other regions or countries. The effects of hand
hygiene in other regions and countries with different
socio-economic statuses may differ from those in Japan
[55, 56]. Recognizing the importance of hand hygiene,
timely surveillance, and further detailed studies at indi-
vidual- and community-level are needed to assess the
differences in the effectiveness after the COVID-19 pan-
demic in Japan.
It is important to note that in the present study, we fo-

cused on the association between human mobility, such
as domestic and international airline passengers, and the
transmission dynamics of HRSV. In particular, a major
shift in the occurrence of HRSV has been observed in
Japan since around 2016 [26]; although there are reports
suggesting a possible association with international pas-
sengers [57, 58], there are currently no reports directly
assessing this. The effect of the COVID-19 pandemic
has led to a number of previous studies highlighting the
effect of international travel restrictions on COVID-19
activity [59–63], providing an excellent opportunity to
consider the effect of human mobility on other respira-
tory infectious diseases. Especially in small island

countries such as Japan, quarantine at a border (i.e.,
travel restrictions) may contribute significantly to pre-
venting the arrival of the virus (or at least delay the ar-
rival) [64]. However, there are a limited number of
studies reporting the effects of domestic travel restric-
tions on the virus spread. A recently published report by
Murano et al., quantifying the effect of domestic travel
restrictions and COVID-19 spread in Japan, provides in-
teresting insights into the transmission dynamics of
other respiratory infections, including HRSV [65]. Spe-
cifically, transmission dynamics varied in the degree of
reduction in the number of passengers and the centrality
of each prefecture in the public transport network (e.g.,
car, train, ship, airline network), assuming that traffic re-
strictions were in place. The relative risk reduction in
most prefectures (approximately 35–48%), as reported
by Murano et al., suggests that the degree of passenger
volume has a significant effect on risk reduction and
concluded that the optimal size of the reduction may de-
pend strongly on the domestic network. In our study,
both international and domestic travel contributed to a
significant reduction in HRSV activity after adjustment
for other covariates. Strategies to restrict the airline net-
work may reduce the risk of HRSV transmission at cer-
tain risk-sensitive airports. This study provides an
important perspective on how restrictions on inter-
national and domestic human mobility may affect HRSV
activity.
We have noted that the transmission dynamics of

HRSV in Japan in 2020 were very different from previ-
ous years, and would like to add that similar trends (i.e.,
decline) in other infectious and non-infectious respira-
tory diseases have been reported in many countries, in-
cluding Japan, Brazil, Pakistan, Germany, Taiwan,
Singapore, and China [17–21, 66–74]. In these regions,
in addition to HRSV and seasonal influenza, tubercu-
losis, rubella, norovirus, pertussis, diphtheria, Epstein-
Barr virus, pneumonia, and influenza mumps have been
reported to be reduced by an average of ≥70%, suggest-
ing a contribution of NPIs to these phenomena [17–21,
66–74]. It is important to quantify the impact of NPIs
on the transmission dynamics of infectious and non-
infectious respiratory diseases in the future.
The findings of this study should be interpreted in the

context of several limitations. First, it should be noted
that these are preliminary findings describing the acute
effects of NPIs on HRSV activity in Japan, and this eco-
logical analysis cannot prove a causal relationship. Sec-
ond, this study used retail sales of hand hygiene
products and domestic and international airline passen-
gers as alternative indicators of NPIs using published
data available in Japan. Therefore, it is possible that
these alternative indicators do not reflect the actual ef-
fects of NPIs. Third, the present study did not examine
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the effect of combining multiple strategies of NPIs on
HRSV (e.g., effect modification by interaction term), and
reports the independent effect of NPIs. Generally, it has
been suggested that the effectiveness of NPIs may in-
crease when multiple strategies are combined [39, 40].
Further detailed studies are needed to independently
evaluate the effects of individual and multiple interven-
tions and their complementarity on host susceptibility.
Fourth, several other NPIs were not considered in this
study, such as education, voluntary isolation, school
closure, and voluntary mask wearing [75–78]. Cultural
factors, such as social habits and family size, may influ-
ence the transmission of HRSV [79]. Other factors, such
as the emergence of new viruses, the viral interference
(i.e., inhibition of growth of one virus by another), and
the development of immunity during the study period
were not assessed. In particular, a new HRSV type A,
ON1, has emerged and circulated worldwide in recent
years [23, 80–82]. The emergence of such strains may
affect the timing of HRSV epidemics. Furthermore, it
has been suggested that the recent increase in reported
cases of HRSV infections in Japan may be due to the in-
creased frequency of testing and the expansion of insur-
ance coverage for HRSV testing in late 2011. This may
have influenced the true increase in HRSV activity in
Japan. Indeed, the HRSV transmission dynamics may be
obscured and regulated by these potential intrinsic fac-
tors, and detailed studies are needed to assess the direct
effects of these factors. In particular, it would be useful
to examine and analyze the effects of other specific NPIs
(e.g., voluntary mask wearing and school closure) in sen-
tinel sites where the data was collected. In this present
study, we were unable to include these factors due to
the lack of published available data relating to voluntary
mask wearing and school closures at each sentinel site,
as well as the considerable variation in the duration of
coverage between prefectures for school closures. Fur-
ther studies aimed at a prefectural-level are needed to
quantify the extent to which these factors contribute to
the transmission dynamics of HRSV between prefec-
tures. Fifth, it is possible that the decline observed in
Japan in 2020 was only the natural end of the HRSV epi-
demic. However, if we review the epidemic dynamics in
Japan in previous years, the change in the rate of decline
after 2020 is dramatic, suggesting that other factors are
involved. Sixth, although average temperature and rela-
tive humidity were used as meteorological conditions in
the present analysis, there may be other confounding
factors that could be associated with HRSV activity (e.g.,
rainfall, wind speed, and air pollutants) [83, 84]. How-
ever, previous studies have suggested a consistent and
strong association between HRSV activity and average
temperature/relative humidity, which may have been a
predictor with high explanatory power [35, 85]. Seventh,

because the present study focused on the transmission
dynamics of HRSV nationwide in Japan, it was difficult
to detect differences in the incidence of HRSV in specific
regions during study period (2014–2020). However, our
recent study that uses prefectural-level data showed that
an earlier onset week of the HRSV epidemic season in
Japan was associated with an increased number of in-
bound overseas travelers, supporting our present find-
ings [58]. This previous research covers the period
before the COVID-19 pandemic (2014–2017) and, in
addition, does not take into account the effect of retail
sales of hand hygiene products, which critically needs
further detailed studies at the prefectural-level in Japan
in post-pandemic period. Eighth, we were also unable to
fully assess the association between the incidence of
HRSV in specific regions during a downturn in retail
sales of hand hygiene products or rebound in domestic
travel because our study focused on Japan nationwide,
instead of individual prefectures. Indeed, small outbreaks
were observed in some of Japans’ southernmost prefec-
tures, such as Okinawa in November and Kagoshima in
October 2020, following the decline in retail sales of
hand hygiene products that occurred around August
2020 and rebound in domestic travel that began around
July 2020 [58]. However, no outbreaks of HRSV were
observed in the rest of the country in Japan. Therefore,
to identify the actual causes of these heterogeneous local
outbreaks, it is necessary to consider a more detailed
time-series analysis for each NPIs indicator at the
prefectural-level in Japan. Finally, the epidemiological ef-
fects of NPIs have not yet been adequately quantified.
For instance, the increase in local clusters of COVID-19
in remote prefectures in Japan should be considered
[86–88], and the epidemiological impact of NPIs on
HRSV activity may be different (e.g., less effect of NPIs).

Conclusions
Despite the number of limitations noted above, our
study showed a possible association between more NPI
indicators such as sanitary measures and travel restric-
tions, and decreased HRSV activity during the COVID-
19 pandemic in Japan, suggesting that the hypothesis
that these public health interventions for COVID-19
adopted by the Japanese government may have pre-
vented and suppressed the spread of HRSV. Further-
more, we believe that the present study provides critical
insights into the epidemiological impact of NPIs on the
transmission dynamics of HRSV in Japan. The decline in
HRSV cases in Japan appears to be concurrent with the
COVID-19 pandemic and related community public
health measures. The current preliminary findings re-
affirm the usefulness of the NPI measures recommended
by WHO and remind us of the need and importance of
educational campaigns and the practical implementation
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of public health policies. In particular, with a continuous
circulation of COVID-19 and use of NPIs in many coun-
tries, detailed studies are critically needed to evaluate
the causes of decreased respiratory infections [89–91].
Additionally, until viable pharmaceutical options for
HRSV become available, it is important to continue to
evaluate non-pharmaceutical strategies and their poten-
tial benefits. Accordingly, assessing the future transmis-
sion dynamics and risks of HRSV and other respiratory
infections, taking into account the detailed effects of
various public health interventions, will help guide the
design of future broader infectious disease control mea-
sures and provide critical lessons for other countries.
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