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Background. The burden and health care utilization (HCU) of respiratory syncytial virus (RSV) in US infants aged <1 year
across health care settings are not well characterized.

Methods. We systematically reviewed studies of RSV and bronchiolitis published 2000-2021 (data years, 1979-2020).
Outcomes included RSV hospitalization (RSVH)/bronchiolitis hospitalization rates, emergency department (ED)/outpatient
(OP) visit rates, and intensive care unit (ICU) admissions or mechanical ventilation (MV) use among RSV-/bronchiolitis-
hospitalized infants. Study quality was determined using standard tools.

Results. Weidentified 141 good-/fair-quality studies. Five national studies reported annual average RSVH rates (range, 11.6 per
1000 per year among infants aged 6-11 months in 2006 to 50.1 per 1000 per year among infants aged 0-2 months in 1997). Two
national studies provided RSVH rates by primary diagnosis for the entire study period (range, 22.0-22.7 per 1000 in 1997-1999 and
1997-2000, respectively). No national ED/OP data were available. Among 11 nonnational studies, RSVH rates varied due to
differences in time, populations (eg, prematurity), and locations. One national study reported that RSVH infants with high-risk

comorbidities had 5-times more MV use compared to non-high-risk infants in 1997-2012.

Conclusions.
and HCU.
Keywords.

Substantial data variability was observed. Nationally representative studies are needed to elucidate RSV burden

emergency department; infants; intensive care unit admission; lower respiratory tract infection; mechanical
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Respiratory syncytial virus (RSV) is the leading cause of medically
attended lower respiratory tract infections and hospitalizations in
US infants [1, 2]. Compared with non-RSV-hospitalized infants,
those hospitalized with RSV and bronchiolitis have increased
health care utilization (HCU), with more admissions to the inten-
sive care unit (ICU) and higher mechanical ventilation (MV) use
[3]. Although prematurity, young age, and comorbidities such as
hemodynamically significant congenital heart disease (CHD) and
chronic lung disease of prematurity (CLD) are important factors
of RSV hospitalization (RSVH), most of those hospitalized are
previously or otherwise healthy infants [4, 5]. Additionally,
race/ethnicity and insurance payer are related to RSVH and

Presented in part: 37th ICPE (International Conference on Pharmacoepidemiology &
Therapeutic Risk Management), virtual conference, August 2021.

Correspondence: Mina Suh, MPH, EpidStrategies, A Division of ToxStrategies, Inc. 27001 La
Paz Road, Suite 260 Mission Viejo, CA 92691 (msuh@epidstrategies.com).

The Journal of Infectious Diseases® 2022;226(52):$195-212

© The Author(s) 2022. Published by Oxford University Press on behalf of Infectious Diseases
Society of America.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivs  licence  (https://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial reproduction and distribution of the work, in any medium, pro-
vided the original work is not altered or transformed in any way, and that the work is properly
cited. For commercial re-use, please contact journals.permissions@oup.com
https://doi.org/10.1093/infdis/jiac201

bronchiolitis hospitalizations (BH), ICU admissions, and MV
use [6, 7]. However, little is known about RSV epidemiology out-
side of the inpatient (IP) setting, and the transition of infants with
RSV and bronchiolitis across health care settings after the initial
diagnosis is not well documented.

This systematic literature review (SLR) aimed to summarize
the RSV burden and associated HCU across IP, emergency de-
partment (ED), outpatient (OP), and urgent care (UC) settings
for US infants aged <1 year. The rates of infant hospitalizations
and ED, OP, or UC visits for RSV and bronchiolitis were de-
scribed. Additionally, HCU was summarized in terms of pro-
portions of ICU admissions or MV use among RSV- and
bronchiolitis-hospitalized infants, and transitions of these in-
fants across settings. When available, outcomes stratified by so-
ciodemographic and clinical variables including chronological
age, weeks’ gestational age (WGA), birth month, comorbidities,
insurance payer, and race/ethnicity were considered.

METHODS

This SLR was conducted and reported following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [8]. The protocol is registered in the
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International Prospective Register of Systematic Reviews
(PROSPERO ID: CRD42020162991).

Eligibility Criteria

Eligibility criteria were defined by population, exposure, com-
parator, outcomes, and study design (PECOS). Studies of US
infants aged <1 year (population) with RSV, clinical sequelae
of RSV,
Bronchiolitis is often studied with RSV because of a lack of sys-

and bronchiolitis (exposure) were included.
tematic laboratory testing [9], and it was considered as an up-
per estimate of RSV. See Supplementary Materials for further

details regarding the PECOS.

Study ldentification and Screening

Literature searches were conducted in PubMed, EMBASE, and
Web of Science to capture studies published since 1 January
2000, through 11 June 2021. The search terms are specified in
the protocol and Supplementary Table 1. Standard software
for conducting SLRs (DistillerSR [10]) was used to deduplicate
the search results. One reviewer examined the titles and ab-
stracts of the deduplicated articles using the PECOS. The arti-
cles considered to be relevant at the title and abstract level were
reviewed at the full-text level by 2 reviewers independently;
conflicts were resolved by a senior reviewer.

Data Abstraction

DistillerSR [10] was used for data abstraction from the included
studies. Data elements included study population characteris-
tics, RSV and bronchiolitis definitions (eg, laboratory confir-
[ICD]
diagnosis codes), and the outcomes (overall and by sociodemo-

mation, International Classification of Diseases
graphic and clinical variables). One reviewer abstracted the
data elements for each study, and a second reviewer indepen-
dently reviewed for quality control. For final confirmation, a se-

nior reviewer evaluated all entries.

Risk of Bias

The Cochrane Risk of Bias tool was used to evaluate the risk of
bias (RoB) in randomized clinical trials (RCTs) [11]. A modi-
fied version of the Newcastle-Ottawa Scale [12] was used to
evaluate the RoB for observational studies including surveil-
lance studies by excluding questions considered not relevant
for this review: 2 questions from the selection domain for co-
hort studies (“selection of the nonexposed cohort” and “dem-
onstration that outcome of interest was not present at start of
study”) and one question from the selection domain for case-
control studies (“definition of controls”). See Supplementary
Materials for further details about the bias assessments and
study quality determination.

RESULTS

Article Identification

The PRISMA study flow diagram (Figure 1) describes the inclu-
sion and exclusion of articles at each step. See the
Supplementary Materials for the PRISMA checklist. At the title
and abstract, 5153 publications were screened. At the full-text
level, 1206 (1115 + 91) publications were reviewed; 141 good-
and fair-quality studies were identified for abstraction.
Seventy studies presented proportions of RSVH, BH, ED visits,
or OP visits. However, these studies had different numerators
and denominators as study designs and population characteris-
tics varied (eg, bronchiolitis diagnosis among PICU infants,
RSVH of ages 0-2 months among RSVH of age <2 years), mak-
ing the reported outcomes not directly comparable. As this SLR
described rates and HCU including ICU admission and MV
use among infants hospitalized and transition of RSV infants
across settings after the initial diagnosis, these studies were
not described further. See Supplementary Materials for the
RoB and quality assessments.

Characteristics of Included Studies

Study Period and Design

Characteristics of the 141 studies in this SLR are summarized in
Supplementary Table 2. Studies were published between 1
January 2000, and 11 June 2021, and reported 1 or more years
of data from 1979 to 2020 (Figure 2A). Four studies (3%) re-
ported data between 2015 and 2020, while 33 (23%) provided
data that included years earlier than 2015 and up to 2020
(Supplementary Table 2). There were 16 (11%) surveillance,
27 (19%) prospective cohorts, 92 (65%) retrospective cohorts,
3 (2%) a combination of prospective cohorts, retrospective co-
horts, or surveillance populations, 1 (1%) cross-sectional; 1
(1%) case-control; and 1 (1%) RCT.

Study Health Care Setting and Locations

Most studies (n = 115) provided IP or IP and other setting data
(Figure 2B). Of the remaining studies that reported setting,
26 provided only ED data, while 7 combined ED and other
settings; 21 included only OP data, while 4 combined OP and
other settings. No study provided UC data, and 11 did not
report setting.

Studies were conducted in various states and regions
(Supplementary Table 2). Thirteen [2, 4, 7, 13-22] used nation-
ally representative databases, including National (Nationwide)
Inpatient Sample, Kids’ Inpatient Database, National Hospital
Discharge Survey, and National Ambulatory Medical Care
Survey/National Hospital Ambulatory Medical Care Survey.
Three [5, 23, 24] were based on the
Surveillance Network comprising IPs, EDs, and OP clinics lo-

New Vaccine

cated in 3-7 states. Fourteen studies used data from other sur-
veillance programs such as the Influenza Hospitalization
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Identification of studies via databases

Identification of studies via other methods

Records identified from®:
Databases (n = 7347)

Records removed before
screening:
Duplicate records removed
(n=1264)
Published before 2000
(n=930)

Records identified from:
Citation searching (n = 111)

Records removed before
screening:
Duplicate records remaoved

}

Records screened

Records excluded®
(n = 4038)

(n =5153)

L4

(n=1)
Published before 2000 (n=19)

Reports sought for retrieval Reports not retrieved Reports sought for retrieval | Reports not retrieved
(n=1115) (n=30) (n=91) "l (n=5)
l Reports excluded: l
.. Non-RSV population (n = 22) n T Reports excluded:
ey e for sighiy No infant-specific data (n = 369) o or s Non-RSV population (n=1)
No primary data (n = 78) B No infant-specific data (n = 6)
No outcomes of interest (n = 94) No primary data (n = 4)
Relevant review (n = 33) No outcomes of interest (n = 1)
Conducted outside US (n = 263) Relevant review (n = 1)
Poor quality study (n = 31) Conducted outside US (n = 66)
Overlapping data (n = 51) Poor quality study (n = 1)
Case report or case series with Overlapping data (n = 2)
n<20(n=5)
Not human (n = 2)
§ k.
g Studies included in review (n=141)
(n=137 from databases and n=4 from other methods)

Figure 1. PRISMA flow diagram of the study selection process. 2PubMed, Embase, Web of Science databases. "Excluded for not meeting PECOS criteria. Abbreviations:
PECOS, population, exposure, comparator, outcomes, and study design; PRISMA, Preferred Reporting ltems for Systematic Reviews and Meta-Analyses; RSV, respiratory

syncytial virus.

Surveillance Network. Thirty-seven studies used administra-
tive, claims, or hospital discharge data from databases such as
MarketScan, Optum, or state Medicaid programs, 1 study
used data from Tennessee Medicaid program and Kaiser
Permanente Northern California, 72 studies were conducted
in single academic centers, health systems, or communities
across various states, and 1 study did not specify the data source
and geographical location. Geographic locations varied across
the 141 studies. Hence, this SLR reports the studies by data
source type (nationally representative vs nonnationally repre-
sentative) to present the RSV literature in a structured manner.

Infant RSVH Rates in Populations Not Restricted by Sociodemographic and
Clinical Variables: US Nationally Representative Data Versus
Nonnationally Representative Data

Studies that provided RSVH data used varying time units; hence,
the rates reported are described as annual average rates (ie, RSVH
rate per 1000 per year or RSVH rate per 1000 per season [RSV sea-
son is typically late autumn to early spring]) or rates across time
(ie, RSVH rate per 1000 for the study period). Seven [2, 4, 7, 13,
17, 19, 22] reported RSVH rates using nationally representative
data sets (Table 1). Five [4, 7, 13, 17, 19] provided annual average
RSVH rates per year ranging from 11.6 (95% confidence interval
[CI], 6.9-16.3) per 1000 per year among infants aged 6-11 months

in 2006 to 50.1 (95% CI, 35.6-64.6) per 1000 per year among in-
fants aged 0-2 months in 1997 (Table 1). Two national studies re-
ported declining annual average RSVH rates from year to year:
One study reported rates of 20.3 per 1000 in 1997 to 17.8 per
1000 in 2012 [4], and another study reported rates of 13.9-50.1
per 1000 in 1997 to 11.6-42.7 per 1000 in 2006 [17]. Two other
studies [2, 22] reported RSVH rates by primary diagnosis for
the entire study period, ranging from 22.0 to 22.7 per 1000 from
1997 to 1999 and 1997 to 2000, respectively.

Eleven studies reported rates using nonnationally representa-
tive data: 1 used the MarketScan database, while 10 were from
regional and local sources [25-35] (Table 1). Although
MarketScan is among the largest sources of health insurance
claims data, it was not considered to be nationally representative
[36,37]. Nine [25-30, 32, 34, 35] provided annual average RSVH
rates ranging from 0 (95% CI, 0-89) per 1000 per season during
September-October of 2009-2010/2010-2011 to 118 (95% CI,
89-154) per 1000 per season during November-March of
2009-2010/2010-2011. Three studies reported decreasing an-
nual average RSVH rates from year to year using regional/local
data, while 1 observed the decline in the MarketScan and
Medicaid database [27, 29, 32, 35] (Table 1). Two [31, 33] in-
cluded RSVH rates for the study period, ranging from 15.9
per 1000 in 1998-2002 to 37.4 per 1000 in 1999-2010 (Table 1).
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Figure 2. Histograms of included studies (n = 141): (4) data years versus publication years; (B) by health care setting. A, The numbers for study data years do not sum to
141 studies because each study can report multiple data years. B, Numbers do not sum to 141 because studies including multiple settings were counted more than once.
Health care setting is based on the burden of disease or health care utilization outcomes reported in each study. Abbreviations: ED, emergency department; IP, inpatient; NR,

setting not reported; OP, outpatient; UC, urgent care.

Infant RSVH Rates by Race/Ethnicity: US Nationally Representative Data
Versus Regional Geographies

No study used nationally representative data to report infant
RSVH rates by race/ethnicity (Table 2). Five [7, 13, 38-40] provid-
ed annual average RSVH rates specific to American Indian/Alaska
Native infants and those in the Indian Health Service regions.
Annual average RSVH rates ranged from 22.1 per 1000 per year
in 2009-2011 to 178 per 1000 per year in 1994-1997 (Table 2).

One study [41] provided RSVH rates for the study period, and
the highest rate was among <36 wGA infants (439 per 1000 in
1993-1996; Table 2). In 2 studies [7, 13], annual average RSVH
rates were reported for American Indian/Alaska Native infants
and general US population infants; the rates among American
Indian/Alaska Native infants were up to 2 times higher than gene-
ral US population infants (24.2 per 1000 per year in 2000-2001 vs
12.8 per 1000 per year in 2000-2001; Table 1 and Table 2).
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One New Vaccine Surveillance Network study of 7 medical
centers in the US [5] provided average annual RSVH rates by
other races and ethnicity (Table 3). Although not statistically
different, higher rates from 2015 to 2016 were reported among
Hispanic or Latino and African American infants compared
with non-Hispanic white or non-Hispanic other infants (0-5
months of age, 16.1 [95% CI, 13.7-18.4] per 1000 per year in
Hispanic or Latino infants vs 14.4 [95% CI, 12.6-16.2] per
1000 per year in non-Hispanic white infants).

Infant RSVH Rates by Chronological Age, wGA, Comorbidities, and
Insurance Payer: US Nationally Representative Data Versus Nonnationally
Representative Data

Two [7, 17] provided annual average RSVH rates by chronological
age based on nationally representative data (Table 1). The highest

RSVH rates were observed among the youngest infants (0-2
months, 50.1 [95% CI, 35.6-64.6] per 1000 per year in 1997).

Five [5, 23, 42-44] included annual average RSVH rates by
chronological age using nonnationally representative data
(Table 3). Annual average RSVH rates were between 2.7 (95%
CI, 1.4-4.1) per 1000 per year in 2015-2016 among infants
aged 10 months and 82 (95% CI, 69-97) per 1000 per season
in 2009-2011 among infants aged <1 month (Table 3).
Simoes et al (2016) [44] was the only study to provide data
by birth month among 32-35 wGA infants and inferred higher
RSVH rates among in-season births than out-of-season births
in 2009-2011 (108 [95% CI, 77-153] per 1000 per season for
those born in February vs 25 [95% CI, 17-35] per 1000 per sea-
son for those born in May).

Table 2. RSVH Rates per 1000, Al/AN Infants and Those in the IHS Regions (n =6)°

Total With AHRQ Quality
Author (Year) Data and Location Time Period RSV, n RSVH Rate per 1000 (95% CI)® Score
From regional geographies, annual average RSVH rates per year (n=5)
Bruden (2015) 2 medical centers, YKD and Alaska 1994-2012 NR for 1994-2003: 144 Good
[38] infants 2003-2012: 87
Singleton Single medical center, YKD 1994-2004 NR for All infants Good
(2006) [40] infants 1994-1997: 178
1997-2001: 154
2001-2004: 104
Preterm infants
1994-1997: 317
1997-2001: 201
2001-2004: 123
Holman (2004) IHS hospital discharge data 1997-2001 Al/AN Al/AN infants, RSVH, 2000-2001 Good
[71 (rates are for infants: 0-11 mo: 34.4 (32.5-36.3)
2000-2001) <6 mo: 815 <6 mo: 44.5 (41.6-47.6)
6-11 mo: 6-11 mo: 24.2 (22.1-26.6)
443 Al/AN infants, acute bronchiolitis
attributable to RSV, 2000-2001
0-11 mo: 29.0 (27.3-30.8)
<6 mo: 37.4 (34.7-40.3)
6-11 mo: 20.7 (18.7-22.8)
Bockova (2002) 3 hospitals in Navajo and 1 IHS in White 1997-2000 642 Average rate per season Good
[39] Mountain Apache reservations All: 91
White Mountain Apache: 164.3
Navajo: 78.1
Foote IHS 1998-2011 NR 2009-2011: 22.1 Fair
(2015) [13] (annual
rates provided
as figure;
results in text
for 2009-2011
only)
From regional geographies, RSVH rates for the entire study period (n=1)
Singleton YKD and Alaska 1993-1996, 1998- 1993-1996: All Fair
(2003) [41] 2001 992 1993-1996: 154
1998-2001: 1998-2001: 144
1087 <36 wGA

1993-1996: 439
1998-2001: 150
>36 wGA
1993-1996: 148
1998-2001: 142

Abbreviations: AHRQ, Agency for Healthcare Research and Quality; AI/AN, American Indian/Alaska Native; Cl, confidence interval; IHS, Indian Health Service; NR, not reported; RSVH,
respiratory syncytial virus hospitalization; YKD, Yukon-Kuskokwim Delta Region; wGA, weeks' gestational age.

aStudy and population characteristics of the publications described in this table are provided in Supplementary Table 2.

5Not all publications described in this table provided 95% Cls for the rates. Order of presentation was by study quality and time period (most recent to oldest).
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No study provided RSVH rates by wGA using nationally rep-
resentative data (Table 3). Three [45-47] provided annual
RSVH rates by wGA using California hospital discharge,
MarketScan, and Optum data (Table 3). Because Optum pro-
vided information on US populations in commercial health
plans and Medicare Advantage plans, Optum data were not
considered to be nationally representative. Annual RSVH rates
in preterm infants were increased up to 6 times compared with
that of full-term infants (infants aged 3 to <6 months in 2010-
2017: 70 per 1000 per season in preterm vs 12 per 1000 per sea-
son in full-term).

Only Doucette et al (2016) used nationally representative
data [4] to provide annual average RSVH rates by any high-risk
comorbidity conditions, which included CHD, CLD, Down
syndrome without CHD, congenital airway anomalies, preterm
births, and other rare congenital and metabolic conditions.
Annual average RSVH rates by any high-risk comorbidity con-
ditions were between 30.0 per 1000 per year in 2012 and 62.9
per 1000 per year in 1997 [4] (Table 3). Two other studies
[45, 48] reported rates by comorbidity conditions using
California hospital discharge data and Pediatric Health
Information System data, which included data from >49 hos-
pitals in the United States. Only Bennett et al (2018) [45] re-
ported annual average RSVH rates for otherwise healthy
infants compared with infants who have comorbidity condi-
tions in California. Among infants without comorbidity condi-
tions, annual average RSVH rates were between 8 per 1000 per
year in 2011 and 18 per 1000 per year in 2002 [45] (Table 3). For
infants with comorbidity conditions, annual average RSVH
rates were approximately 4 times higher, ranging from 34 per
1000 per year in 2011 to 76 per 1000 per year in 1998 [45]
(Table 3).

No study provided RSVH rates by insurance payer using na-
tionally representative data (Table 3).

Six [26, 49-53] included annual RSVH rates per season by
insurance payer from 1999 to 2019 using nonnationally rep-
resentative data; among these, 4 provided rates stratified fur-
ther by chronological age, wGA, and time (before and after
2014) (Table 3). Because study populations had different
chronological age and wGA, rate ranges by insurance payer
could not be provided. Annual RSVH rates per season in
Medicaid-insured infants were higher, up to 5 times, com-
pared with privately insured infants (29-30 wGA and aged
<3 months: 77 per 1000 per season in 2012-2014 for
Medicaid insured vs 15 per 1000 per season in 2012-2014
for privately insured [50]).

Infant ED and OP Visit Rates for RSV: US Nationally Representative Data
Versus Nonnationally Representative Data

No study provided infant ED or OP visit rates using nationally
representative data (Supplementary Table 3 and Table 4). Three
included annual ED or OP visit rates per year by chronological

age (n =2) [23, 24] and insurance payer (n =1) [26] from non-
nationally representative data (Table 4). No study had data for
otherwise healthy and full-term infants. The range summaries
for the stratified ED and OP visit rates were not provided be-
cause of the small number of studies. Trends by chronological
age were unclear [23, 24]. Higher ED and OP visit rates per year
were observed among publicly insured 32-35 wGA infants
compared with privately insured 32-35 wGA infants [26].

Transitions Across Health Care Settings after the Initial RSV Diagnosis in
Infants: US Nationally Representative Data Versus Nonnationally
Representative Data

No study using nationally representative data described transi-
tions of infants across health care settings after the initial RSV
diagnosis. Three studies based on nonnationally representative
data [25, 54, 55] provided setting transition information after
the initial RSV diagnosis in US infants (Supplementary
Table 2). In Ambrose et al (2014) [25], subsequent hospital ad-
missions and ED visits were documented in 30% of 287 infants
who were 32-35 wGA with RSV seen initially at 188 OP clinics
and EDs from 2009 to 2011. In Jafri et al (2013) [54], approxi-
mately 10% of 1299 infants with RSV seen at EDs (unknown
geographic locations) from 2006 to 2008 had subsequent ED
visits after the initial illness episode. Shi et al (2011) [55] report-
ed that among 10 770 infants in MarketScan data from 2003 to
2005, between 13% (full term, seen initially at OP clinics) and
100% (late preterm and full term, seen initially at IP hospitals)
had subsequent health care visits within 12 months of an RSV
lower respiratory tract infection event.

ICU Admission Among RSVH Infants: US Nationally Representative Data
Versus Nonnationally Representative Data

No study included ICU admission data using nationally repre-
sentative data sets. From other datasets, 22 reported propor-
tions of ICU admissions among RSVH infants (range, 6.3%-
71.4% from 1992 to 2020; Supplementary Table 4). Eleven
unique studies reported ICU admission proportions by chro-
nological age (n=>5) [5, 42, 56-58], wGA (n=>5) [47, 56, 59—
61], comorbidity conditions (n=1) [61], and insurance payer
(n=2) [6, 46] (Table 5). Higher ICU admissions were observed
in younger versus older infants (up to 64.3% in those aged <6
months vs 54.5% in those aged >6 months from 2013 to 2016),
preterm versus full-term infants (52.2% vs 33.3% from 1992 to
2017), and Medicaid-insured versus privately insured infants
(21.1% vs 16.5% from 2003 to 2017). From 2003 to 2007,
21.8% of infants with CHD and 13.3% of infants with CLD hos-
pitalized for RSV had ICU admissions. No data were available
by race/ethnicity or for otherwise healthy infants.

MV Use Among RSVH Infants: US Nationally Representative Data Versus
Nonnationally Representative Data

Only Doucette et al (2016) used nationally representative data
and reported MV use proportions from 1997 to 2012 [4]
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Table 4. RSV ED or OP Visit Rates per 1000, US Infants Aged <1 Year, by Sociodemographic and Clinical Variables (n = 3)°

Data Source and ~ Time AHRQ Quality
Author (Year)  Location Period Total With RSV, n RSV Visit Rate per 1000 (95% CI)® Score
ED: annual average visit rates per year, by chronological age (n=2)
Hall (2009) NVSN: TN, NY, 2000-2004 598 (88 in ED and OP) <6 mo of age (0-5 mo) >6 mo of age (6-11 mo) Good
[23] and OH 2002-2003: 39 (12-124) 2002-2003: 45 (13-157)
2003-2004: 69 (34-143) 2003-2004: 68 (27-175)
2002-2004: 55 (24-126) 2002-2004: 57 (20-161)
Lively (2019) NVSN: TN, NY, 2004-2009 631 (326 in ED) <6 mo of age >6 mo of age Fair
[24] and OH 0 mo: 19.6 (16.8-22.4) 6 mo: 81.8 (70.1-93.6)
1 mo: 64.2 (54.9-73.4) 7 mo: 56.1 (48.0-64.2)
2 mo: 72.4 (62.0-82.9) 8 mo: 55.6 (47.6-63.5)
3 mo: 105.2 (90.1-120.4) 9 mo: 55.6 (47.6-63.6)
4 mo: 116.0 (99.3-132.7) 10 mo: 40.4 (34.6-46.2)
5 mo: 71.3 (61.1-81.6) 11 mo: 55.6 (47.6-63.6)
0-5 mo: 74.8 (64.0-85.6) 6-11 mo: 57.5 (49.2-65.8)
ED: annual average visit rates per year, by insurance payer (n=1)
Franklin 118 sites 2009-2011 1642 (all were 32— Public (Medicaid) Private (commercial) Fair
(2016) [26] 35 wGA) 83 36
OP: annual average visit rates per year, by chronological age (n=2)
Hall (2009) NVSN: TN, NY, 2000-2004 598 (88 in ED and OP) <6 mo of age (0-5 mo) >6 mo of age (6-11 mo) Good
[23] and OH 2002-2003: 108 (33-346) 2002-2003: 194 (77-492)
2003-2004: 157 (54-462) 2003-2004: 160 (45-576)
2002-2004: 132 (46-383) 2002-2004: 177 (61-511)
Lively (2019) NVSN: TN, NY, 2004-2009 631 (305 in pediatric <6 mo of age >6 mo of age Fair
[24] and OH practice setting) 0 mo: 85.2 (71.0-99.3) 6 mo: 264.7 (220.7-308.7)
1 mo: 187.9 (1566.6-219.1) 7 mo: 207.2 (172.8-241.7)
2 mo: 234.2 (195.2-273.1) 8 mo: 277.8 (231.7-324.0)
3 mo: 232.6 (194.0-271.3) 9 mo: 227.2 (189.4-264.9)
4 mo: 265.0 (221.0-309.1) 10 mo: 241.7 (201.5-281.8)
5 mo: 289.2 (241.1-337.2) 11 mo: 258.1 (215.2-301.0)
0-5mo: 215.7 (179.8-251.5) 6-11 mo: 246.1 (205.2—-
287.0)
OP: annual average visit rates per year, by insurance payer (n=1)
Franklin 118 sites 2009-2011 1642 (all were 32— Public (Medicaid) Private (commercial) Fair
(2016) [26] 35 wGA) 144 133

AHRQ, Agency for Healthcare Research and Quality; Cl, confidence interval; ED, emergency department; NVSN, National Vaccine Surveillance Network; OP, outpatient; RSV, respiratory

syncytial virus.

2Study and population characteristics of the publications described in this table are provided in Supplementary Table 2.

®Not all publications described in this table provided 95% Cls for the rates. Order of presentation was by study quality and time period (most recent to oldest).

(Table 5). RSVH infants with high-risk comorbidity conditions
had high MV use (20.4%, which was approximately 5 times that
for non-high-risk infants from 1997 to 2012) [4]. From nonna-
tionally representative data sources, 16 studies captured MV
use proportions among RSVH infants, not restricted by
sociodemographic and clinical variables (range, 2.5%-31.8%
from 1994 to 2017; Supplementary Table 4). Six reported MV
use proportions stratified by chronological age (n=4)
[42, 56-58], wGA (n=2) [47, 56], and insurance payer
(n=1) [6] (Table 5). Higher MV use was noted for infants
aged <6 months versus those aged >6 months (range, 3.1%—
37.9% vs range, 3.0%-12.1% from 2013 to 2016). Of the 2 stud-
ies reporting MV use proportions by wGA [47, 56], 1 included
proportions that were also stratified by chronological age. The
highest MV use was observed among younger preterm infants
(16.3% for age <3 months) compared with older full-term in-
fants (4.7% for ages 3-6 months) from 2011 to 2017 [47]. MV
use was higher among Medicaid-insured infants than privately

insured infants, and this trend was consistent across all wGA
categories (3% for Medicaid overall vs 1.6% for private overall
from 2003 to 2013) [6]. No data were available by race/ethnic-
ity. Similar patterns of ICU admissions and MV use were ob-
served for bronchiolitis (see Supplementary Materials).

DISCUSSION

To our knowledge, this is the first review systematically evalu-
ating the burden of RSV and HCU including transition across
health care settings after the initial RSV diagnosis in US infants
across all health care settings. Although the RSV literature
landscape is vast, and this SLR identified 141 studies meeting
PECOS criteria, less than half of the included studies provided
the outcomes of interest. Studies reporting infant RSV ED or
OP visit rates were even smaller, representing only 5% of the
included studies. Burden and HCU data in the UC setting
were not available. We also observed variability in the study
population characteristics and data gaps across studies
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(different stratification groups by chronological age, wGA, co-
morbidity conditions, insurance payer, and race/ethnicity),
making it difficult to summarize outcomes. Only 7 studies [2,
4,7,13,17, 19, 22] reported on the study outcomes of interest
(hospitalization rates and MV use proportions only) using na-
tionally representative data sets. No study reported ED or OP
visit rates using nationally representative data sets.
Importantly, RSV evidence was lacking for late preterm to full-
term and otherwise healthy infants. Palivizumab has been the
only available immunoprophylaxis of RSV since 1998; thus,
RSV studies were focused on those eligible (eg, premature in-
fants) and the impact of the immunoprophylaxis policy revi-
sion in 2014. While changes in policy recommendations may
have impacted the RSV burden and HCU, eligible infants rep-
resent a minute proportion of the general population [62]. As
new RSV immunization products are in development and
may be soon become available for all infants, RSV burden
and HCU will need to be described for all infants.

In the studies reporting hospitalization and visit rates, differ-
ent RSV and bronchiolitis definitions were used to identify cas-
es. With the variations in laboratory testing and ICD diagnosis
codes, the results were likely to have been affected. For ED and
OP data, no summary ranges could be provided because few
studies were available for each type of rate reported.
Furthermore, as this SLR included studies published since
2000, the observed changes in RSV burden and HCU may be
also impacted by heterogeneity in testing practices and type (vi-
ral culture, molecular diagnostics, etc.) across time and regions
[63]. Another challenge to describe the true burden of RSV and
HCU is the potential underestimation of RSV cases as system-
atic laboratory testing for RSV in the United States is not rec-
ommended [9].

In a previous review [64], the study authors observed that re-
sults (annual rate range, 8.4-40.8 per 1000) differed by study
design, with rates from surveillance studies being half of those
from retrospective claims database studies. In contrast to the
previous review [64], we found that rate ranges differed by
the type of rates reported (annual average rate per year vs rates
for the entire study period), data source (eg, nationally repre-
sentative vs nonnationally representative), population charac-
teristics, and by time. For infants not restricted by
sociodemographic and clinical variables, 18 studies reported
RSVH rates, of which 16 were retrospective cohorts while 2
were prospective cohorts; none were surveillance studies [2,
4, 7, 13, 17, 19, 22, 25-35]. From nationally representative
data sets [2, 4, 7, 13, 17, 19, 22], annual average RSVH rates
ranged from 11.6 per 1000 per year among infants aged 6-11
months in 2006 to 50.1 per 1000 per year among infants aged
0-2 months in 1997, while RSVH rates by primary diagnosis
for the entire study period ranged from 22.0 to 22.7 per 1000
in 1997-1999 and 1997-2000, respectively. From year to year,
we observed declining annual average RSVH rates (>10%

from 1997 to 2012). From nonnationally representative data
[25-30, 32, 34, 35], annual average RSVH rates among all in-
fants ranged from 0 per 1000 per season during September-
October of 2009-2010/2010-2011 to 118 per 1000 per season
during November-March of 2009-2010/2010-2011, and
RSVH rates for the entire study period ranged from 15.9 per
1000 in 1998-2002 to 37.3 per 1000 in 1999-2010. These find-
ings suggest heterogeneity in the studies, with differences in
methodology, time periods, geographic locations, and popula-
tion characteristics; thus, quantitative synthesis of RSVH rates
may not be appropriate.

Data assessed in this SLR showed high HCU associated with
RSV. The transition of infants across health care settings after
the initial RSV diagnosis has not been described since 2011; 3
studies [25, 54, 55] reported infants with RSV having multiple
visits after the initial encounter, indicating that the burden on
the infant continues beyond the initial infection. Up to 71% and
up to 38% of RSVH infants need ICU admission or MV, respec-
tively, indicating RSV burden also spans across the health care
system. However, because of the heterogeneity of study popu-
lations and methodology, ICU admission and MV use were
variable among RSVH infants. To comprehensively understand
RSV epidemiology, further study is needed to elucidate HCU
patterns including transitions across settings after the initial
RSV diagnosis.

The main strength of this SLR is its rigorous methodology.
This SLR is also comprehensive and evaluated several outcomes
in all health care settings. Standard RoB tools were used, and all
data abstraction and RoB evaluations were implemented with
strict procedures and quality control. However, our findings
may not be generalizable to those aged >1 year and those out-
side of the United States. The onset of coronavirus disease 2019
(COVID-19) and its impact on RSV epidemiology were also
not considered in this SLR.

Because most studies (82%) were in the IP setting, RSV epi-
demiology in the ED, OP, and other settings remains under-
studied. Substantial variability in both disease burden and
HCU data is observed due to critical differences in person,
place, and time across the studies, creating challenges in sum-
marizing the US infant RSV data. Additional high-quality stud-
ies need to be conducted to understand the complete disease
burden of RSV among all US infant populations (including oth-
erwise healthy and late preterm to full-term infants) and across
all health care settings.
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