s

Official Journal of /4

PEDIATRICS Offcial Jo |
INTERNATIONAL Pediat;r)icSocw’ety ‘«\ Al

Pediatrics International (2022) 64, e14957

doi: 10.1111/ped.14957

Original Article

Epidemiology of respiratory syncytial virus in Japan: A nationwide
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Abstract Background: Respiratory syncytial virus (RSV) is a major cause of hospitalization for bronchiolitis and pneumonia
in infancy. In Japan, limited data are publicly available on RSV epidemiology and clinical characteristics among
infants.

Methods: This retrospective study described RSV incidence, seasonality, patient characteristics, resource use, and
clinical outcomes among Japanese children <2 years from January 2017 through December 2018. The RSV cases
were identified using the Japanese Medical Data Center database.

Results: In the database, 9,711 and 8,509 RSV patients <2 years were identified in 2017 and 2018, respectively. Of
these, 25% required hospitalization. Ninety percent of hospitalized patients did not have a known RSV risk factor.
Nineteen percent of hospitalized patients experienced dehydration, and 12% had acute respiratory failure. Hospital-
ization lasted 1 week on average and 7% required some type of mechanical ventilation. The peak of hospitalizations
occurred at 2 months. The incidence of RSV hospitalization in children <2 years was 23.2 per 1,000 person-years,
which increased to 35.4 per 1,000 for infants <6 months. This age group accounted for 40% of all RSV-associated
hospitalizations among children <2 years.

Conclusions: Roughly one-fourth of all RSV patients <2 years were hospitalized. Ninety percent of these did not
have an underlying risk condition. This underscores that RSV can cause serious disease among all young children.
Three to four out of every 100 Japanese children <6 months were hospitalized for RSV, and this age group
accounted for ~40% of all RSV-associated hospitalizations. Novel and broad-based RSV prevention strategies, espe-

cially those targeting young infants, are needed.

Key words epidemiology, Japan, respiratory syncytial virus.

Respiratory syncytial virus (RSV) is a major cause of hospital-
ization for bronchiolitis and pneumonia among infants world-
wide, and is the second leading cause of mortality, following
malaria, among infants." Among children younger than 5 years
of age, an estimated 3 million RSV-related hospitalizations
and at least 60 000 deaths occur globally each year.2 Nearly
half of these hospitalizations and deaths occur among children
under 6 months of age.’

Respiratory syncytial virus can be spread through contact
with respiratory droplets from infected individuals or contami-
nated surfaces and objects. It is highly communicable, and
humans are the only known reservoir. Despite 50% of infants
becoming infected during their first year of life and almost
100% by their second year, lifetime immunity is not achieved
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following these initial infections.> The risk of severe or even
fatal disease is higher among preterm children and children
with chronic cardiac and respiratory conditions, immunodefi-
ciency, or specific genetic abnormalities. However, most of
the severe cases of RSV infection occur among full-term chil-
dren and those without pre-existing diseases.*

In Japan, RSV infection is defined as a Category V infec-
tious disease and is monitored under the National Epidemiol-
ogy Surveillance of Infectious Diseases (NESID) program.
Respiratory syncytial virus infection is reported from the pedi-
atric sentinel surveillance system. The NESID program pro-
vides the Infectious Diseases Weekly Report (IDWR) and the
Infectious Agents Surveillance Report (IASR) by the National
Institute of Infectious Diseases (NIID). These reports contain
information on the occurrence of RSV infections in the popu-
lation covered by the approximately 3,000 pediatric sentinel
sites across Japan, as well as some patient characteristics.
Despite the existence of nationwide RSV surveillance,” more
granular data describing the burden of RSV, including clinical
features, resource use, and outcomes are needed. This study
describes the national epidemiology and clinical features of
RSV infection among children in Japan using a nationwide
healthcare claims database.
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Methods

Study design and population

This retrospective study described the incidence and seasonal-
ity of medically attended RSV episodes among Japanese chil-
dren <2 years of age from January 1, 2017 through December
31, 2018. Among those with RSV, patient characteristics,
resource use (e.g. hospitalization, mechanical ventilation,
intensive care unit admission), and clinical outcomes (average
length of stay and death) were described. Respiratory syncytial
virus cases were identified using the Japanese Medical Data
Center (JMDC) database. The JMDC database provides anon-
ymized inpatient, outpatient, and pharmacy claims from health
insurance associations in Japan,9 through a panel of approxi-
mately seven million beneficiaries since 2005 to the present,10
which accounts for about 5.5% of the entire Japanese popula-
tion. Diagnosis codes used to identify RSV (B348, J121, J205,
J210) and underlying conditions, and procedure codes for
RSV-associated clinical outcomes, are provided in the supple-
mentary material (Appendix Table S1-S4). Risk status for
RSV infection was defined based on having at least one record
with a diagnosis of any of five specified risk factors: prematu-
rity, bronchopulmonary dysplasia (BPD), Down syndrome,
congenital heart disease (CHD), or immunodeficiency. Associ-
ated diseases were also identified, and these included the five
specified risk factors as well as other medical conditions fre-
quently observed with RSV infections.'"!?

Ethics approval and informed consent

This study used de-identified claims data compiled by JMDC,
which were classified as anonymously processed information
under the Act on the Protection of Personal information.'?

Statistical analysis

Patient characteristics, clinical outcomes, and resource use for
patients with RSV were described using descriptive statistics. To
describe seasonality of RSV infections, numbers of RSV cases
in outpatient and inpatient settings were calculated per calendar
month for each study period. Respiratory syncytial virus inci-
dence was calculated per 1,000 person-years (PYs) with 95%
confidence intervals. The incidence rate was defined as the num-
ber of patients with an RSV infection observed during the study
period divided by the sum of time at risk of RSV infection. Time
at risk for RSV infection was defined as the time to the first RSV
infection, time until reaching age 2, or time until the end of the
study period (based on whichever occurred first). End of follow
up occurred at the first of any of the following: death, 23 months
of age, loss to follow up, end of the study period.

Results

In the JMDC database, 9,711 and 8,509 RSV patients <2 years
of age were identified in 2017 and 2018, respectively. Of
these, 25% were hospitalized, Fifty-five percent of all RSV

patients were male (Table 1). Most (90%) hospitalized patients
did not have risk conditions for RSV. The two most frequent
RSV risk factors for RSV hospitalization were prematurity
(5%) and CHD (4%). On average, a hospital stay for RSV
infection lasted 1 week, ranging from 6.1 to 7.4 days
(Table 2). Nineteen percent of hospitalized patients experi-
enced dehydration, and 12% had acute respiratory failure.
Bronchial asthma, acute bronchitis, and asthmatic bronchitis
were also consistently observed in the 10 most frequently
occurring RSV-associated diseases (Appendix Tables S8 and
S9).

Among hospitalized children, 0.1% were admitted into the
ICU and 7% required artificial respiration or mechanical venti-
lation (Table 3). Infants <6 months of age accounted for 41%
of RSV-related hospitalizations among those <2 years (Fig. 1).
Of those who required mechanical ventilation, approximately
half (52% in 2017; 50% in 2018) were <6 months old. The
peak of hospitalizations occurred at age 2 months, with this
age group accounting for 10% of all hospitalized patients
(Fig. 1).

The incidence rate of medically attended RSV among Japa-
nese children <2 years of age was 85.2 per 1,000 person-
years. The incidence rate of RSV hospitalization in children
<2 years was 23.2 per 1,000 person-years, which increased to
35.4 per 1,000 person-years for infants <6 months (Table 4).
Regarding seasonality of RSV infections, 2017 and 2018 sea-
sonality patterns were similar. The highest number of RSV
cases, for both 2017 and 2018, was in September (Fig. 2).

Discussion

This study confirms the high burden of RSV infection among
infants and young children in Japan. Extrapolating the number
of patients with JMDC into the Japanese population suggests
that an estimated 119 000 to 138 000 RSV-related diagnoses
occur in Japan among children <2 years of age each year.
Roughly one-fourth of all RSV patients <2 years were hospi-
talized (Appendix Table S5). Although certain conditions do
put infants at increased risk of RSV disease,>'* this study
showed that 90% of children <2 years of age hospitalized with
RSV infection did not have an underlying risk condition for
RSV infection. This underscores that RSV can cause serious
disease among all young children. This finding is consistent
with previous reports in Japan'>'® and the USA."

Regarding associated diseases, 47% of RSV all patients
had acute bronchitis and 7.5% had dehydration. These disor-
ders were frequently reported in all age groups (0—23 months
of age). In addition, 7% of all RSV patients aged 0—2 months
had acute respiratory failure (Appendix Table S8). On the
other hand, 19% of RSV hospitalized patients had dehydration
and 12% had respiratory failure. These disorders were fre-
quently reported in all age groups (0-23 months of age;
Appendix Table S9). On average, patients stayed for about
1 week in the hospital across age groups. This result is consis-
tent with other reports in the Japanese setting'®'® and high-
lights the impact of RSV on patients and the health system.

© 2021 The Authors. Pediatrics International published by John Wiley & Sons Australia, Ltd on behalf of Japan Pediatric Society
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Table 1 Demographic and clinical characteristics for RSV patients <2 years of age in the JMDC population

2017 2018

All RSV patients’”  Only outpatients®  Inpatients’  All RSV patients” Only outpatients®  Inpatients®

(n=9,711) (n=17,238) (n =2,473) (n = 8,509) (n = 6,426) (n =2,083)

Male (n, %) 5,347 (55.1) 3,967 (54.8) 1,380 (55.8) 4,654 (54.7) 3,487 (54.3) 1,167 (56.0)

Any RSV risk factor (n, %) 651 (6.7) 422 (5.8) 229 (9.3) 621 (7.3) 407 (6.3) 214 (10.3)
Prematurity (n, %) 356 (3.7) 233 (3.2) 123 (5.0) 327 (3.8) 215 (3.3) 112 (5.4)
BPD (n, %) 12 (0.1) 6 (0.1) 6 (0.2) 10 (0.1) 6 (0.1) 4(0.2)
Down syndrome (n, %) 25 (0.3) 13 (0.2) 12 (0.5) 31 (0.4) 17 (0.3) 14 (0.7)
CHD (n, %) 275 (2.8) 177 (2.4) 98 (4.0) 269 (3.2) 176 (2.7) 93 (4.5)
Immunodeficiency (n, %) 47 (0.5) 27 (0.4) 20 (0.8) 59 (0.7) 30 (0.5) 29 (1.4)

TAll RSV patients: patients with only outpatient visit or hospitalization.

?Only outpatients: patients with only outpatient visit.
SInpatients: patients with hospitalization.

BPD: bronchopulmonary dysplasia; CHD: congenital heart disease; JMDC: Japan Medical Data Center; RSV: respiratory syncytial

virus.

Table 2 Length of hospital stay among RSV inpatients in the JMDC population

Age group (months) 0-2 3-5 6-11 12-23
2017 2018 2017 2018 2017 2018 2017 2018

Total RSV inpatients’ 514 481 474 426 576 472 979 771
Number of hospitalizationslt 516 484 447 398 569 467 979 774
Length of hospital stay (days)

Mean 7.4 7.0 6.2 6.7 6.5 6.8 6.1 6.5

Median 6 6 5 5 6 6 5 6

"Total RSV inpatients: the number of inpatients diagnosed with RSV.

fNumber of hospitalizations: the number of times patients were hospitalized due to RSV.

JMDC: Japan Medical Data Center; RSV: respiratory syncytial virus.
Table 3 RSV-associated clinical outcomes in the JMDC population

2017 2018
Age (months) All (0-23) 0-2 3-5 6-11 12-23 All (0-23) 0-2 3-5 6-11 12-23
RSV hospitalization 2,473 518 447 565 943 2,083 488 395 453 747
(%) (100.0) (20.9) (18.1) (22.8) (38.1) (100.0) (23.4) (19.0) (21.7) (35.9)
ICU admissions (%) 3 (0.1) 1(0.2) 0 (0.0) 0 (0.0) 2 (0.2) 1 (0.0) 1(0.2) 0 (0.0) 0 (0.0) 0 (0.0)
Ventilator use (%) 164 (6.6) 46 (8.9) 40 (89) 52(9.2) 26(2.8) 168 (8.1) 39 (8.0) 45 60 24 (3.2)
(11.4) (13.2)

RSV mortality 0 0 0 0 0 0 0 0 0 0

ICU: intensive care unit; JMDC: Japan Medical Data Center; RSV: respiratory syncytial virus.

Although <1% were admitted to the ICU, 7% required artifi-
cial respiration or mechanical ventilation. The proportion of
ICU admissions in a previous report was slightly higher but
this difference may be due to the data source for the previous
study being tertiary hospital-based, which tends to involve
more severe cases.'®

Extrapolating the number of RSV patients in the JIMDC by
month of age to the Japanese population by month of age
described the same tendency as in Appendix Figure S1
(Appendix Tables S6 and S7).

Japanese children aged <6 months accounted for 41% of
RSV-related hospitalizations among children <2 years of age.

This is similar to findings in other developed countries, '+

and another study previously conducted in Japan'* where the
inpatient burden is disproportionately shifted towards the very
young. The peak of hospitalization for RSV infection occurred
at 2 months of age, consistent with previous reports in multi-
ple settings highlighting that most hospitalizations occur in the
first 90 days of life.>'*2! Infants <6 months also had more
severe disease. For example, while only 7% of children hospi-
talized for <24 months for RSV infection required mechanical
ventilation, roughly 50% of all mechanical ventilation
occurred in infants <6 months old. This further highlights the
disproportionate burden of RSV in very young patients.

© 2021 The Authors. Pediatrics International published by John Wiley & Sons Australia, Ltd on behalf of Japan Pediatric Society
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Fig. 1 Number of RSV patients in the JMDC population by age in months and care setting for 2018 and 2017. JMDC: Japan Medical
Data Center; RSV: respiratory syncytial virus; All RSV patients: patients with only outpatient visit or hospitalization; Only Outpatients:
patients with only outpatient visit; Inpatients: patients with hospitalization. (m): All RSV patients; (l): Inpatients; (C0): Outpatients only.

Table 4 RSV incidence in the JMDC population per 1000 by age group and setting of care for 2017 to 2018

Age (months) 0-2 3-5 6-11 12-23 0-5 0-11 0-23

Allf No. of RSV infections 1,845 3,052 4,489 3,160 4,897 9,386 12 546
Total PY 29 121 28 099 45 016 44 947 57 220 102 236 147 183
Incidence per 1,000 63.4 (60.5—- 109.0 (104.8— 100.0 (96.8— 70.0 (67.9— 85.6 (83.2— 91.8 (90.0- 85.2 (83.8—
PY (95% CI) 66.3) 112.5) 102.6) 72.8) 88.0) 93.7) 86.7)

Outpatients* No. of RSV infections 1,543 2,941 4,376 3,010 4,484 8,860 11 870
Total PY 29 143 28 186 45 211 45 265 57 329 102 540 147 805
Incidence per 1,000 52.9 (50.3— 104.3 (100.6— 96.8 (93.9-  66.5 (64.1- 78.2 (75.9— 86.4 (84.6— 80.3 (78.9-
PY (95% CI) 55.6) 108.1) 99.7) 68.9) 80.5) 88.2) 81.8)

Inpatients’  No. of RSV infections 1,087 953 850 693 2,040 2,890 3,583
Total PY 29 146 28 446 47 049 49 533 57 592 104 641 154 174
Incidence per 1,000 37.3 (35.1- 335 (31.4- 18.1 (16.9—  14.0 (13.0- 354 (33.9- 27.6 (26.6— 23.2 (22.5-
PY (95% CI) 39.5) 35.6) 19.3) 15.0) 37.0) 28.6) 24.0)

TAIl: patients with outpatient visit only or hospitalization.
I_Outpatient: patients with any outpatient visits — i.e. outpatient visits only and outpatients who were subsequently hospitalized.
SInpatients: patients with any hospitalization — i.e. hospitalization only and outpatients after hospitalization.
CI: confidence interval; JMDC: Japan Medical Data Center; PY: person-years; RSV: respiratory syncytial virus.

© 2021 The Authors. Pediatrics International published by John Wiley & Sons Australia, Ltd on behalf of Japan Pediatric Society



2000

1500

1000

Number of RSV cases

500

Jan Feb

3000

2500

2000

1500

Number of RSV cases

1000

2018

al ol al

Epidemiology of RSV in Japan 5 of 7

M Inpatient
[ Outpatient only

Jun

2017

00 aa
Jan Feb Mar Apr May Jun

Fig. 2 Numbers of RSV cases (<2 years) in the JMDC population for 2018 and 2017 by calendar month. JMDC: Japan Medical Data
Center; RSV: respiratory syncytial virus; Outpatient Only: patients with only outpatient visit; Inpatient: patients with hospitalization; (H):

Inpatients; (0): Outpatients only.

Among children <2 years of age in the JMDC population,
the rate of RSV was 85 per 1,000. The rate of hospitalized
RSV decreased as age increased from 37 per 1,000 among
infants <2 months of age to 14 per 1,000 among children 12—
23 months of age. Rates found in this study were consistent
with those in the US* and developed countries globally2 and
in other Japanese studies (e.g., Tochigi prefecture).??

Current peaks of RSV infections, for both 2017 and 2018,
were in September. This is consistent with the NIID sentinel
report (IASR 2018).” While the majority of studies covering
previous years indicated December as the peak for cases in
Japan,'®?327 these data suggest an evolution of the epidemiol-
ogy of RSV infection with cases occurring earlier in the year
and not being confined to the winter months.

Recently, high-risk children have been receiving palivizu-
mab prophylactically during the RSV season, which has also
been reported in surveys evaluating patient information in
Japanese hospi‘[als.zg’29 However, many children are still

Jul Aug Sep Oct Nov Dec

M Inpatient

[ Qutpatient only
Jul Aug Sep Oct Nov Dec

hospitalized for RSV infection given that — as seen in this
study — the vast majority of hospitalizations are in children
without underlying medical conditions. Furthermore, some
patients are still hospitalized even after receiving prophylactic
palivizumab during the peak of the RSV season.”’ Thus, new
and broader preventive strategies for RSV infections in young
children are needed, including licensure of new vaccines and
monoclonal antibodies in the future or administration of pali-
vizumab, which is currently available, earlier in the year prior
to the start of the RSV season.”**°

This study has limitations. The definition of RSV infection
in this study was based on ICD10 codes and thus not necessar-
ily test-confirmed RSV positivity. Recent studies in other
developed settings found RSV ICD-10 code specificity to be
very high (>99%), although there was inconsistency in sensi-
tivity estimates suggesting that study results could underesti-
mate the RSV burden.?®3!32 Moreover, JMDC database
includes employees and their family members from only

© 2021 The Authors. Pediatrics International published by John Wiley & Sons Australia, Ltd on behalf of Japan Pediatric Society
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medium- to large-scale companies and does not include
employees of small companies and public/government employ-
ees. This could also point to an underestimation of the RSV
burden as a US study showed that rates were much higher
among children who relied on government assistance pro-
grams.?’ Despite these limitations, results on seasonality of
RSV infections align with the data from the NESID program,
which require stringent laboratory confirmation for inclusion.
The number of hospital days from admission date was also
truncated at the end of the study period and this could have
underestimated the average length of hospital stay in some
cases. Strengths of this study include the large number of
patients, even among very young age groups, and the descrip-
tion of up-to-date, nationwide, and detailed information on
patient characteristics, resource use, and clinical outcomes that
have not been previously described.

Conclusions

Roughly one-fourth of all RSV patients <2 years were hospi-
talized. Ninety percent of children <2 years of age hospital-
ized with RSV infection did not have an underlying risk
condition. This underscores that RSV can cause serious dis-
ease among all young children. Three to four out of every 100
Japanese children aged <6 months were hospitalized for RSV,
and this age group accounted for approximately 40% of all
RSV-associated hospitalizations. Novel and broad-based pre-
vention strategies against RSV infection, especially those tar-
geting young infants, are needed.
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Fig. S1. Estimated numbers of RSV cases in the Japanese pop-
ulation for 2018 and 2017, by calendar month. RSV, Respira-
tory syncytial virus.
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