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ABSTRACT

Background: Respiratory syncytial virus (RSV) and influenza virus are major viral etiologies of pediatric lower respiratory tract
infection, but comparative data on inpatient burden are lacking.

Methods: Using a large-scale health claims database in Japan, we identified patients under 5years of age with a confirmed RSV
or influenza diagnosis as an outpatient or inpatient between 2011 and 2022. Hospitalization rate, inpatient characteristics, vari-
ous in-hospital outcomes/complications, and healthcare resource utilization were described.

Results: A total of 176,911 RSV-confirmed outpatients, 153,383 influenza-confirmed outpatients, 90,413 RSV-confirmed hos-
pitalizations, and 11,186 influenza-confirmed hospitalizations were identified. Among outpatients, 24.7% of RSV infection and
2.8% of influenza cases required hospitalization within 1 week. There was no co-morbidities/prematurity for 95.0% of RSV hos-
pitalizations and 96.5% of influenza hospitalizations. Proportions of in-hospital outcomes/complications were (RSV infection vs.
influenza): oxygen use 47.6% vs. 14.8%, mechanical ventilation 2.1% vs. 0.7%, pneumonia 33.6% vs. 12.8%, otitis media 7.7% vs.
2.3%, febrile seizure 1.5% vs. 34.4%, encephalitis/encephalopathy 0.1% vs. 0.5%, myocarditis < 0.1% vs. 0.6%, antibiotics prescrip-
tion 48.0% vs. 24.4%. The mean inpatient stay was 6.1 vs. 4.3 days at direct medical costs of 435,744 vs. 315,809 JPY/patient. These
trends held true in age-stratified data. In-hospital death occurred in 31 RSV infection and 6 influenza cases.

Conclusions: Although both infections resulted in substantial burden, RSV infection led to more frequent hospitalizations,
worse in-hospital outcomes, longer inpatient stays, higher medical costs, and more frequent antibiotics prescription compared
to influenza. Most RSV hospitalizations occurred among healthy term children, emphasizing the need for prevention measures
in all children.

1 | Introduction etiologies with high burden globally [1, 2]. In Japan, the National

Epidemiological Surveillance of Infectious Diseases (NESID)
Lower respiratory tract infections (LRTIs) are major public health is conducted by the National Institute of Infectious Diseases
threats among young children. Among pediatric LRTISs, respira- (NIID) and Ministry of Health, Labour and Welfare (MHLW)
tory syncytial virus (RSV) and influenza virus are major viral [3]. For RSV infection and influenza, under the NESID, sentinel
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surveillance provides information on trends and levels of epidem-
ics to inform policy, risk communication, and (for RSV infection)
timing to initiate prophylaxis to individuals with underlying
health conditions or prematurity [4, 5]. However, the NESID data
only provide age-stratified aggregate data regardless of clinical
severity. Therefore, detailed and comprehensive burden data on
severe cases require special studies, and such data are scarce in
Japan. Most previous reports on severe cases of LRTI are based
on small studies that describe single-center/single-prefecture
experience or studies with only a brief description of in-hospital
outcomes [6-8]. Furthermore, although RSV and influenza share
several clinical features in young children, comparative data on
inpatient characteristics, inpatient outcomes, complications, and
healthcare resource utilization (HCRU) are lacking globally.
Finally, epidemiology of RSV infection and influenza has been
disrupted globally due to the coronavirus disease (COVID-19)
pandemic and further data especially around epidemic shift in
age group are warranted [9, 10]. Therefore, we used one of the
largest health claims databases in Japan to comprehensively de-
scribe RSV infection and influenza in children with the aim to
elucidate hospitalization rate among infected individuals, inpa-
tient characteristics, inpatient outcomes, and HCRU.

2 | Methods
2.1 | Database and Study Population

This retrospective cohort study was conducted using data
from the Medical Data Vision (MDV) database, one of the
largest electronic health records databases in Japan cover-
ing approximately 450 hospitals (25% of acute care hospitals
in Japan). The present study population was composed of pa-
tients under Syears of age with a confirmed index diagnosis of
RSV or influenza either outpatient or inpatient based on the
International Classification of Diseases 10th Revision (ICD-
10) diagnostic codes (Table S1) within an identification period
of April 1, 2011, to July 31, 2022. Diagnoses that occurred
within 6 months of the index diagnosis of the same infection
(wash-out period) were excluded to avoid duplicating the same
episode. Patients with a record of another infection with dif-
ferent pathogen within 30days after the index date (e.g., sus-
pected co-infection) were also excluded.

2.2 | Baseline Characteristics

Data on age at diagnosis, sex, diagnosis date, and hospital size
were collected. A 12-month look-back period from the index date
was used to define the baseline period during which presence
of co-morbidities/prematurity and palivizumab use were ascer-
tained. Co-morbidities included in this study were those eligible to
receive palivizumab in Japan (ICD-10 codes in Table S1) [11-14].

2.3 | Definitions of Hospitalized Patients, Clinical
Outcomes, Healthcare Resource Utilization,
and Hospitalization Rates

To describe inpatient characteristics including baseline char-
acteristics, inpatient outcomes, and HCRU, we included all

patients who had a confirmed diagnosis in the inpatient setting
regardless of where or whether an outpatient RSV diagnosis
was made (to ensure inclusion of patients who were diagnosed
with RSV infection at different healthcare facilities such as
clinics and patients who were never diagnosed before being
hospitalized and diagnosed after hospitalization). To be identi-
fied as a relevant hospitalization, the infection had to have been
coded as any of the following: (1) the disease that required the
most medical resources, (2) primary disease for admission, or
(3) disease that triggered the hospitalization. Patients who were
admitted to the hospital were followed to examine in-hospital
clinical outcomes and HCRU beginning from the index date
and ending at the time of in-hospital death, discharge, the last
record available for the patient, or the end of the study period
(August 31, 2022), whichever occurred first. Variables for ex-
amination included intravenous (IV) fluid use, oxygen use,
high flow-nasal cannula oxygen therapy use, use of mechanical
ventilation, intensive care unit (ICU) admissions, in-hospital
death, antibiotics use, in-hospital complications (pneumonia,
otitis media, febrile seizure, encephalitis or encephalopathy,
and myocarditis). Finally, length of inpatient stay and direct
medical costs during hospitalization for each patient were cal-
culated by including all procedures, clinical exams, imaging,
and medications (in Japanese yen).

For the purpose of calculating hospitalization rate among out-
patients, we divided the number of patients with a confirmed
index outpatient diagnosis by the number of patients who had
a confirmed inpatient diagnosis in the same hospital. This was
done to ensure that patients included in the numerator (hospi-
talized cases) were also in the denominator (outpatient cases).
The basis of this algorithm was the assumption that almost
all patients diagnosed in an outpatient clinic of a hospital will
be admitted to the same hospital if the patient's condition de-
teriorates to the point of requiring inpatient care, as per clin-
ical practice in Japan. The date of first admission was used
to estimate the percentage of eligible patients hospitalized
within 0-6days, 0-13days, and 0-29days of the index date.
Per cent hospitalizations within these time intervals were also
calculated specifically for patients who required oxygen or
intravenous (IV) fluids to restrict to those requiring medical
attention.

2.4 | Analyses

We took a descriptive approach to understand baseline charac-
teristics, hospitalizations rates, in-hospital clinical outcomes,
and HCRU. We concluded that it would not be appropriate to
estimate the relative measures of association (e.g., odds ratios)
to compare such parameters between RSV infection and influ-
enza, as various confounders (e.g., testing intensity) may exist.
Instead, whenever possible, we presented data for the over-
all population, as well as data stratified by age since age is an
important cofounder that influences various outcomes. Age
categories used were less than 6 months, 6 months to 1lyear,
1-2years, and 2-4years of age (summary data were also pre-
sented by month for less than 1year). Continuous variables were
summarized with means/standard deviations (SD) and median/
interquartile range (IQR). Categorical variables were summa-
rized using counts and percentages.
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Epidemic curves for outpatients and inpatients for RSV infec-
tion and influenza were created to describe temporal trends.
Finally, to understand the influence of the COVID-19 pandemic
on epidemiology, analyses were also performed and stratified by
time period, including 2017-2019 (pre-COVID-19), 2020-2022
(during-COVID-19), and the 2021 season (as this season showed
a unique RSV epidemic curve [3]). All analyses were performed
using SAS software (version 9.4).

3 | Results

During the study period between April 2011 and July 2022,
176,911 RSV-confirmed cases and 153,383 influenza-confirmed
cases were identified in the outpatient setting (Figure 1;
Tables S2-S3). Furthermore, 90,413 RSV-confirmed hospital-
izations and 11,186 influenza-confirmed hospitalizations were
identified (overall Table 1; healthy children Table S4). For both
RSV infection and influenza, there were more males than fe-
males. Among hospitalized RSV cases, 39.0% were less than
6months, 20.8% were 6 months to 1year, 26.4% were 1-2years,
and 13.7% were 2—-4years. Among hospitalized influenza cases,
19.1% were less than 6 months, 10.6% were 6 months to 1year,
25.4% were 1-2years, and 44.8% were 2-4years. Among inpa-
tients, 85,896/90,413 (95.0%) of RSV cases and 10,789/11,186
(96.5%) of influenza cases occurred in patients with no record of
relevant co-morbidities or prematurity. Table S5 shows the data
among infants by month of age.

Regarding the epidemic curves for influenza, a clear seasonal
pattern in wintertime was observed with no epidemic occurring
in late 2020-2022 (Figure 2; Table S6). In contrast, RSV infec-
tion also had epidemic peaks, but with considerable year-to-year

variability. Specifically, before and during 2016, the peaks were
from fall to winter. In 2017-2019, peaks began and ended earlier
spanning summer to fall. There was no epidemic in 2020, but
the largest wave was observed in 2021 peaking in early summer.
These findings were in line with the corresponding NESID data.
Also, importantly, trends and levels of epidemics were similar
between inpatients and outpatients for both RSV infection and
influenza, respectively.

Hospitalization rate among confirmed outpatient RSV diagnosis
was 43,637/176,911 (24.7%) within 6 days of diagnosis (Table 2).
This rate was similar when restricting to hospitalization re-
quiring oxygen/IV usage (42,277/176,911; 23.9%). When strat-
ified by age group, the highest percentage of hospitalization
was observed among the 1-2years age category (11,995/42,485;
28.2%), although this could be due to less outpatient test-
ing (Supplementary Methods). Also, hospitalization rate
within 6days of diagnosis among healthy children was higher
(41,666/141,843; 29.4%) than the non-restricted population and
the highest percentage was observed for the less than 6 months
age category within 29 days of diagnosis (15,717/45,318; 34.7%).
In contrast, hospitalization rate among confirmed outpatient in-
fluenza diagnosis was much lower at 4247/153,383 (2.8%) within
6days of diagnosis. When stratified by age group, the highest
percentage of hospitalization was observed among those less
than 6 months age (736/8741; 8.4%).

Various in-hospital outcomes/HCRU-related factors were de-
scribed (Table 3). IV fluid was used in 86,258/90,413 (95.4%)
of RSV cases and 10,622/11,186 (95.0%) of influenza cases.
Oxygen was required in 43,056/90,413 (47.6%) of RSV cases
and 1656/11,186 (14.8%) of influenza cases. Mechanical ven-
tilation was required in 1928/90,413 (2.1%) of RSV cases and

'COVID19

and the first diagnosis date will be assigned as the index date

[ Patients with RSV/Inf

RSV: N = 211,157, Influenza: N = 1,241,840

iagnosis claims during the identification period, ]

Under 5 years of age at the index date
RSV: N = 206,083, Influenza: N = 163,898

Being confirmed outpatient at index date
RSV: N = 182,013, Influenza: N = 159,174

Excluded
RSV: N =74, Influenza: N = 519

Patients with a record of any index diagnoses

during wash-out period

( Patients without any index diagnoses (RSV/influenza/COVID-19) b

RSV: N = 181,939, Influenza: N = 158,655

(RSV/influenza/COVID-19) during wash-out period

J

Excluded
RSV: N = 5,028, Influenza: N = 5,272

Patients with record of other index diagnosis

during 30 days after the index date

Patients without any record of other index diagnosis

RSV: N = 176,911, Influenza: N = 153,383

3 L during 30 days after the index date )

Final population = 313,957

RSV: N = 176,911, Influenza: N = 153,383

FIGURE1

| Description of the flow for assembling the outpatient population used to calculate hospital admission rates.
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FIGURE2 |
infection, (C) outpatient influenza, (D) inpatient influenza.

74/11,186 (0.7%) of influenza cases. In-hospital death occurred
in 31/90,413 (<0.1%) of RSV cases and 6/11,186 (0.1%) of influ-
enza cases. Antibiotics were prescribed in 43,418/90,413 (48.0%)
of RSV cases and 2728/11,186 (24.4%) of influenza cases. The
mean inpatient stays were 6.1days and 4.3days with direct
medical costs of 435,744JPY/patient and 315,809JPY/patient
for RSV infection and influenza, respectively. Regarding in-
hospital complications, pneumonia occurred in 30,376/90,413
(33.6%) of RSV cases and 1428/11,186 (12.8%) of influenza cases.
Otitis media occurred in 6915/90,413 (7.7%) of RSV cases and
255/11,186 (2.3%) of influenza cases. Febrile seizure occurred
in 1366/90,413 (1.5%) of RSV cases and 3843/11,186 (34.4%) of
influenza cases. Encephalitis or encephalopathy occurred in
49/90,413 (0.1%) of RSV cases and 54/11,186 (0.5%) of influenza
cases. Myocarditis occurred in 4/90,413 (<0.1%) of RSV cases
and 68/11,186 (0.6%) of influenza cases.

Finally, we stratified the number of hospitalizations by COVID-19
era (Tables S7-S8). There was a comparatively lower proportion of
RSV hospitalizationsin age < 6 monthsand age 6-11 monthsduring
COVID-19 era (36.4%, 15.1%) and 2021 season (35.9%, 14.3%) com-
pared with pre-COVID-19 era (39.3%, 21.9%). Conversely, there
was a comparatively higher proportion of RSV hospitalizations in
age 2years to 4years during COVID-19 era (21.3%) and 2021 sea-
son (22.0%) compared with pre-COVID-19 era (12.0%). There were
very few influenza hospitalizations during COVID-19 era.

800

800+
4004
2004 Z
1 2 3 4 5 5 7 8 s 10 11 2
Month

Number of patients.

Epidemic curve for RSV and influenza identified in outpatient and inpatient settings. (A) Outpatient RSV infection, (B) inpatient RSV

4 | Discussion

We conducted a study using large electronic health records da-
tabase covering approximately 25% of acute care hospitals in
Japan to elucidate the comprehensive inpatient burden of RSV
infection and influenza in young children. We found that a large
number of RSV and influenza cases were diagnosed in both
outpatient and inpatient settings with substantial in-hospital
outcomes/complications and HCRU during the 11-year study
period.

Similar to what has been observed in previous reports [1],
over half of RSV hospitalizations occurred in infants less than
lyear of age. Approximately 95% of these RSV hospitalizations
occurred in patients with no record of co-morbidities or pre-
maturity. We also observed hospitalization rates among chil-
dren diagnosed with RSV infection to be 20%-30%, meaning
that one in four medically attended RSV infections resulted
in hospitalization. When restricting to patients without co-
morbidities/prematurity, the rates were even higher (up to
35%), which is likely to be due to unavailability of prevention
measures in this population (unlike palivizumab for children
with co-morbidities/prematurity). These were in stark contrast
to low hospitalization rates for influenza where only 2%-3% in
children 6 months of age or older and 8%-9% among infants
less 6 months of age.
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| (Continued)

TABLE 2

Influenza

RSV

Age
2<5years

Age

1<2years

Age
6-11months

Age
<6months

Age
2<5years

Age Age
1<2years

6-11months

Age
<6months

Total

Total

1042 (2.7) 1816 (2.1)

378 (2.5)

5770 (24.3) 3896 660 (8.1)
(2.6)

11,449 (29.0)

8308 (25.0)

14,988 (33.1)

40,515
(28.6)

Admissions within 0-13days

3947 661 (8.1) 381 (2.5) 1061 (2.8) 1844 (2.1)
(2.6)

15,154 (33.4) 8437 (25.4) 11,536 (29.2) 5789 (24.4)

40,916
(28.8)

Admissions within 0-29 days

2Healthy children were defined as those with children without a record of co-morbidity of interest and no palivizumab use.

We further examined in-hospital outcomes and HCRU related
to each infection. Important in-hospital outcomes including ox-
ygen use, ICU admission, and mechanical ventilation were more
prevalent with RSV infections compared to influenza across all
age groups. Still, ICU admission and mechanical ventilation
among the RSV inpatient population were much lower com-
pared to the data from the U.S., which could be due to a lower
threshold of hospitalization in Japan and scarcity of pediatric
ICUs in Japan (i.e., some specialized care including mechanical
ventilation is routinely done in general wards) [15]. Although the
numbers and proportions were small, a few in-hospital deaths
occurred for both infections. Antibiotic use was more prevalent
for RSV infection than for influenza. This could be due to more
severe in-hospital outcomes for RSV infection and improved
antimicrobial stewardship is warranted. Regarding in-hospital
complications, pneumonia and otitis media were more common
in RSV infection than in influenza. In contrast, febrile seizures,
encephalitis/encephalopathy, and myocarditis were more com-
mon in influenza than in RSV infection. Notably, approximately
one-third of influenza hospitalization were associated with fe-
brile seizure. Longer inpatient stays (6.1 vs. 4.3 days) with higher
direct medical costs (435,744 vs. 315,809 JPY/patient) were ob-
served with RSV infection compared with influenza. Finally,
analyses by COVID-19 era revealed a slight shift in age of RSV
hospitalizations to older age groups in 2021-2022, which is in
line with lack of epidemic in 2020. This shift may recover to pre-
COVID-19 trends after a few years of epidemics together with
disrupted seasonal pattern as observed in the United States [10]

Given the substantial burden of RSV infection with considerable
in-hospital outcomes/complications and HCRU, the available
RSV prophylaxis, palivizumab, which only covers children with
specific co-morbidities or prematurity, was not enough to pro-
tect the majority of children from hospitalization when infected.
In contrast, for influenza, routine vaccination and antivirals are
available and widely used, with vaccine uptake among children
estimated to be approximately 50% [16, 17]. This may be play-
ing a role in reducing influenza disease burden. Nevertheless,
the availability of prevention/treatment for influenza and the
unavailability of prevention/treatment for RSV infection are
reflected in the real-world disease burden from RSV disease.
To mitigate this RSV burden in the pediatric population, novel
RSV prevention measures to protect all children are needed.
Recently, another monoclonal antibody with extended half-life,
nirsevimab, was approved for use as a preventative treatment for
all infants entering their first RSV season in the United States
and many other countries [18]. Maternal immunization is also
approved for use, although only available in a seasonal manner
with a narrow window period for immunization (pregnant in-
dividuals at 32-36 weeks gestational age) in the United States
[19]. Nirsevimab was also approved in Japan in March 2024, but
reimbursement under the national health insurance is only lim-
ited to a high-risk population similar to palivizumab. Therefore,
widespread use in all infants via, for example, inclusion in the
National Immunization Program is needed to reduce the bur-
den of RSV infection in all infants. There are other potential
preventive measures for toddlers under development [20]. The
current study highlights that the burden of severe RSV infection
in children in Japan and other countries are similar. Therefore,
improved awareness of disease burden as well as wide use of
these preventive measures are highly anticipated.
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4.1 | Limitations

There are several limitations to this study. First, the current da-
tabase is based on participating hospitals only, and there is no
linkage of data across hospitals. Second, although both RSV and
influenza testing is covered by NHI (Supplementary Methods),
careful interpretation is necessary as testing intensity may
differ between RSV infection and influenza as well as by age
group (especially infants vs. young children > 1years). Third,
the database did not have information on influenza vaccina-
tion/anti-viral use, which may have influenced study out-
comes. Fourth, the database used did not include geographic
information, and thus, regional variation in seasonality was
not able to be assessed. Finally, similar to other database stud-
ies, medical coding may not always reflect true diagnosis or
procedures.

5 | Conclusions

A large number of RSV and influenza cases were diagnosed in
both Japanese outpatient and inpatient settings during the study
period. There were also substantial in-hospital outcomes/com-
plications and HCRU, many of which were more frequently ob-
served with RSV infection compared to influenza. Furthermore,
longer inpatient stays with more expensive direct medical
costs were seen with RSV infection compared to influenza.
Approximately one in four RSV infection resulted in hospital-
ization with most hospitalization occurring among healthy term
children, emphasizing the need for RSV prevention measures in
all children.
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