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Background. Respiratory syncytial virus (RSV) can cause serious illness in those aged <5 years in the United States, but
uncertainty remains around which populations receive RSV testing. We conducted a systematic literature review of RSV testing
patterns in studies published from 2000 to 2021.

Methods. Studies of RSV, medically attended RSV lower respiratory tract infections (LRTIs), and bronchiolitis were identified
using standard methodology. Outcomes were clinical decisions to test for RSV, testing frequency, and testing incidence proportions
in inpatient (IP), emergency department (ED), outpatient (OP), and urgent care settings.

Results.  Eighty good-/fair-quality studies, which reported data from the period 1988-2020, were identified. Twenty-seven
described the clinical decision to test, which varied across and within settings. Two studies reported RSV testing frequency for
multiple settings, with higher testing proportions in IP (n=2, range: 83%-85%, 1996-2009) compared with ED (n=1, 25%,
2006-2009) and OP (n=2, 15%-25%, 1996-2009). Higher RSV testing incidence proportions were observed among LRTI
infant populations in the ED (n=1, 74%, 2007-2008) and OP (n=2, 54%-69%, 1995-2008). Incidence proportions in LRTI
populations were not consistently higher in the IP setting (n=13). Across studies and time, there was heterogeneity in RSV

testing patterns, which may reflect varying detection methods, populations, locations, time periods, and healthcare settings.

Conclusions.
settings.
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Not all infants and children with LRTI are tested for RSV, highlighting underestimation of RSV burden across all
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Respiratory syncytial virus (RSV) affects nearly all infants and
children aged <5 years and can cause serious illness including
lower respiratory tract infections (LRTIs) such as bronchiolitis
and pneumonia [1]. A retrospective cohort study based on na-
tionally representative datasets of United States (US) infant
hospitalizations and emergency department (ED) encounters
in 2011-2019 found that annual average infant RSV LRTT hos-
pitalizations and ED visits were 56 927 (range, 43 845-66 155)
and 131999 89 809-177 680),
Additionally, RSV remains the leading cause of US infant hos-

(range, respectively  [2].

pitalizations for the past 2 decades [3-7], indicating the ongo-
ing burden RSV poses on the infant and the health system.
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However, the epidemiology of RSV in infants and children out-
side of the inpatient (IP) hospital setting is understudied [8]. RSV
laboratory testing patterns are also not systematically summarized
in the current literature; it is unclear at the population level which
infants and children are being tested for RSV or why they are test-
ed. Hence, this systematic literature review (SLR) describes RSV
laboratory testing patterns, testing frequency, and testing inci-
dence across all healthcare settings (IP, ED, outpatient [OP], ur-
gent care) for US infants and children aged <5 years.

METHODS

The Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines were followed [9]. The
protocol for this SLR was registered with the International
Prospective Register of Systematic Reviews (PROSPERO iden-
tifier CRD42020162991) before the study began.

Eligibility Criteria

Study population, exposure, comparator, outcomes, and study de-
sign (PECOS) criteria were used to identify studies of US infants
and children aged <5 years (population) with RSV and
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bronchiolitis (exposure) [10]. A comparator was not relevant for
this review. Studies reporting outcomes of interest (predeter-
mined to be RSV laboratory testing practices, testing frequency,
and testing incidence proportion) were included. RSV laboratory
testing practices were described as the study-reported clinical de-
cisions to test for RSV (eg, physician judgment, presentation of
symptoms such as fever, cough, and wheezing during the medical
encounter, bronchiolitis diagnosis). RSV testing frequency was
defined as the percentage tested for RSV among the enrolled pop-
ulation. RSV laboratory testing incidence proportion was defined
as the percentage of RSV-positive infants and children among
those tested for RSV. When available, outcomes reported for
LRTI populations were summarized, given that RSV is one of
the leading causes of medically attended LRTI infections [4, 11].
Outcomes stratified by sociodemographic and clinical variables
such as chronological age, weeks’ gestational age (WGA), race/eth-
nicity, and insurance payer were summarized when available.

Randomized controlled trials (RCTs) and observational
studies (surveillance, cohort, case-control, and cross-sectional)
were included. Case reports with <20 cases, studies not pub-
lished in English, and studies not meeting the PECOS criteria
were excluded. To identify additional studies not captured by
the literature searches, reference lists of relevant reviews were
checked to ensure that all studies meeting the PECOS criteria
were identified and included.

Study ldentification, Screening, and Abstraction

Literature searches in the PubMed, Embase, and Web of Science
databases were conducted to capture RSV and bronchiolitis liter-
ature published from 1 January 2000 to 11 June 2021. Literature
search terms are provided in Supplementary Table 1. DistillerSR
[12] was used to de-duplicate the search results and conduct the
review. One reviewer examined the titles and abstracts using the
predefined PECOS criteria. The articles deemed to be relevant
at the abstract stage were reviewed for full text by 2 reviewers in-
dependently. Data were abstracted from the included full-text
studies in DistillerSR; abstraction elements included study charac-
teristics (eg, design, time period, location, setting), population
characteristics (eg, sample size, age, wGA, sex, race/ethnicity),
and outcomes (overall and by sociodemographic variables when
available). After one reviewer abstracted the data elements, a sec-
ond reviewer checked them independently; all conflicts were re-
solved by the senior reviewers. Data visualizations were done
using Microsoft Excel for Mac (version 16.56).

Risk of Bias

For observational studies, a modified version of the
Newcastle-Ottawa Scale was used to evaluate the study quality.
The Cochrane Risk of Bias (RoB) tool was used to determine
the study quality of the RCTs. Detailed description of the as-

sessments and study quality determination is reported

elsewhere [8]. This SLR considered good- and fair-quality stud-
ies and did not include the poor-quality studies.

RESULTS

Article Identification

The PRISMA study flow diagram is presented in Figure 1, and
the PRISMA checklist is provided in the Supplementary
Materials. At the title and abstract level, 5153 publications
were screened. References cited in 34 relevant reviews were re-
viewed, and 91 additional publications were identified. At the
full-text level, 1206 publications were reviewed. Of the 1126
publications eliminated at the full-text stage, 23 were
non-RSV populations, 215 had populations aged >5 years, 82
had no primary data, 277 had no outcomes of interest, 34
were reviews, 329 were conducted outside the US, 45 were
poor-quality studies, 79 had overlapping data, 5 were excluded
study designs (ie, case reports or case series with <20 cases), 2
were not human, and 35 were unable to be obtained as full-text
articles. Eighty good- and fair-quality studies with testing data
were identified.

Risk of Bias of Included Studies (n = 80)

Of the 3 RCTs identified, 1 was good quality and 2 were fair
Cochrane RoB tool
(Supplementary Table 2). Among the 77 observational studies

quality as assessed with the
(75 cohort studies, 2 case-control), 39 and 38 studies were of
good and fair quality, respectively. RoB scores for the 75 cohort
studies are summarized in Supplementary Figure 1. RoB was
apparent in the comparability of cohorts on the basis of design
or analysis (45% did not control for >1 factor) and adequacy of
follow-up (11% did not describe losses to follow-up or losses
were >10%, when described).

Study and Population Characteristics

The 80 included studies were published between January 2000
and June 2021 and reported 1 or more years of data from 1988
to 2020 (Figure 2A). Eight studies (10%) reported data between
2015 and 2020, while 13 (16%) provided data that included
years earlier than 2015 and up to 2020 (Supplementary
Table 2). Eleven studies were surveillance, 38 were prospective
cohorts, 24 were retrospective cohorts, 2 were case-control, 1
was a study of passive surveillance and prospective cohort de-
sign, 1 was a post hoc analysis of surveillance, and 3 were
RCTs (Supplementary Table 2). Studies were conducted in var-
ious states across the US (Supplementary Table 2). More than
half of the studies (n = 52 [65%]) provided data from the IP set-
ting or IP combined with other settings (Figure 2B). Eighteen
studies presented ED-specific data, and 4 studies provided
ED data combined with other settings. Eighteen studies provid-
ed data specific to the OP setting, whereas 4 studies presented
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Identification of studies via databases

Identification of studies via other methods

[
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B
E
Té Studies included in review (n = 80)
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow diagram of the study selection process. *PubMed, Embase, and Web of
Science databases. "Excluded for not meeting the predefined eligibility criteria. Abbreviations: RSV, respiratory syncytial virus; US, United States.

OP data combined with other settings. There were no data
available for urgent care.

RSV Laboratory Testing Practices: Clinical Decisions to Test for RSV
Twenty-seven studies [13-39] provided descriptive data on the
clinical decisions to test for RSV in various settings: 16 provid-
ed data for IP [13-16, 18-29], 1 for IP and for ED [17], 9 for ED
[30-38], and 1 for OP [39] (Supplementary Table 3A and 3B).
Thirteen studies describing laboratory testing practice for com-
bined settings (ie, IP with other settings, ED with other settings,
or OP with other settings) are listed in Supplementary
Table 3C. These studies reported that RSV laboratory testing
was done as part of routine care, at the discretion of the provid-
er, based on symptoms, or per institutional guidelines.
However, the clinical decision to test for RSV was not consis-
tent across or within settings.

RSV Laboratory Testing Frequency in the IP, ED, and OP Settings: RSV
Testing Among the Enrolled Populations

Seven studies reported testing frequency for a single setting (ie,
IP, ED, or OP) [15, 22, 34, 40-43]; due to differences in geo-
graphical locations, time periods, population characteristics,
and test types, comparisons across studies and settings could
not be done, and thus, they were not described further (see
Supplementary Table 4 for additional details).

Only 2 retrospective cohort studies conducted in infants and
children enrolled in the Kaiser Permanente Northern
California health system reported RSV testing frequency for
multiple settings [44, 45] (Table 1). One Kaiser study identified
717 bronchiolitis episodes in the IP setting, 425 in the ED set-
ting, and 9269 in the OP setting from 2006 to 2009 among in-
fants aged 0-12 months using International Classification of
Diseases, Ninth Revision (ICD-9) codes 466.11, 480.1, and
466.19 [44]. Eighty-three percent of the IP bronchiolitis epi-
sodes were laboratory tested for RSV, whereas 29% and 25%
of the ED and OP bronchiolitis episodes, respectively, were
tested. Another Kaiser study conducted from 1996 to 2004
among infants and children aged <2 years described similar
trends in testing by setting; this study reported RSV testing fre-
quency among IP and OP bronchiolitis episodes (ICD-9 codes
466.1, 466.1x, 466.0, 480.0-480.2, 079.0, and 079.6) with and
without antibiotic use to examine the association between
RSV testing and antibiotic use [45]. Testing frequency was
85% for the IP bronchiolitis episodes regardless of antibiotic
use and 15% for the OP bronchiolitis episodes regardless of an-
tibiotic use [45].

In Turi et al [44], antigen, culture, or polymerase chain reac-
tion (PCR) tests were used from 2006 to 2009; Flaherman et al
[45] used direct fluorescent antibody tests from 1996 to 2004,
indicating utilization changes in RSV test types across time.
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Figure 2. Histograms of included studies (n=80). A, Data years vs publication years. B, By healthcare setting. Numbers do not sum to 80 because studies including
multiple settings were counted more than once. Healthcare setting is based on the testing outcomes reported in each study. Abbreviations: ED, emergency department;

IP, inpatient; NR, not reported; OP, outpatient; UC, urgent care.

RSV Laboratory Testing Incidence Proportion in the IP Setting: Percentage
of RSV-Positive Results Among Those Tested for RSV

In the IP setting, 12 studies provided RSV laboratory testing
incidence proportion data for LRTI populations only [14, 41,
46-55] (Table 2). One study reported data for LRTI and upper
respiratory illness populations separately [56]. One study com-
bined data for LRTI with other respiratory distress [13], 6 stud-
ies grouped data by acute respiratory infections (ARI) or
symptomatic (eg, fever) populations [40, 57-61], 1 study in-
cluded healthy infants [62], and 4 studies provided information
among populations of unknown respiratory conditions [24,
63-65]. Higher RSV testing incidence proportions among

studies with LRTI populations were not consistently observed
in the IP setting compared with studies among ARI, sympto-
matic, healthy, or unknown respiratory condition populations,
likely due to differences in study designs, time periods, test
types, locations, and other population characteristics (Table 2).

RSV Laboratory Testing Incidence Proportion in the ED Setting:
Percentage of RSV-Positive Results Among Those Tested for RSV

Seven studies [30, 33, 35, 38, 66-68] reported RSV laboratory
testing incidence the ED
Supplementary Table 5A). The highest RSV laboratory testing
incidence proportion was observed in infants aged <1 year

proportion in (Figure 3;
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Respiratory Syncytial Virus Laboratory Testing Frequency (ie, Number of Infants and Children Tested Among the Enrolled Study Populations) for Studies That Reported Data for Multiple Settings,

United States Infants and Children Aged <5 Years (n=2)

Table 1.

AHRQ
Quality Score

Underlying Respiratory Condition

Study, First Author
(Year) [Reference]

Testing Frequency

Test Type

Age

Study Size, No.

Time Period of the Study Population®

Data Source, Location Setting

Fair

83% tested

<2 Antigen; culture;

717 bronchiolitis episodes

LRTI

2006-2009

IP

Kaiser Permanente

Turi (2018) [44]

RT-PCR

<2 Antigen; culture;

Y

Northern CA

Fair

LRTI 425 bronchiolitis episodes 29% tested

2006-2009

ED

RT-PCR

<2 Antigen; culture;

Y

Fair

25% tested

9269 bronchiolitis episodes

LRTI

2006-2009

OoP

RT-PCR
DFA

y

Fair

Without antibiotic

926 bronchiolitis episodes without
antibiotic use; 1110 with antibiotic use

LRTI

1996-2004

IP

Kaiser Permanente

Flaherman (2010) [45]

use: 85% tested
With antibiotic use:

Y

Northern CA

85% tested
Without antibiotic

Fair

DFA

<2

15173 bronchiolitis episodes without
antibiotic use; 6539 with antibiotic use

LRTI

1996-2004

oP

use: 15% tested
With antibiotic use:

Y

15% tested

Abbreviations: AHRQ, Agency for Healthcare Research and Quality; CA, California; DFA, direct fluorescent antibody; ED, emergency department; IP, inpatient; LRTI, lower respiratory tract infection; OP, outpatient; RT-PCR, real-time polymerase chain reaction.

®As reported by the study authors.

with LRTT seen at a single ED in Wisconsin (74% among 85 in-
fants, 2007-2008) [35]. Among the 6 studies [30, 33, 38, 66-68]
describing populations with symptoms or unknown respiratory
conditions, RSV laboratory testing incidence proportion
ranged between 6% among 378 febrile infants aged <28 days
seen at an urban, pediatric ED in New York from 2008 to
2014 [33] and 44% among 82 infants aged 1-2 months intubat-
ed for respiratory failure with a suspected infection at an urban,
pediatric ED in Ohio from 2012 to 2017 (underlying respiratory
condition not reported) [66]. This study of intubated infants
also provided testing incidence proportion stratified by chro-
nological age, noting a higher incidence among younger popu-
lations (underlying respiratory condition of the population not
reported) (<28 days: 31%; 1-2 months: 44%; 2-12 months:
27%; 12-24 months: 11%) [66].

RSV Laboratory Testing Incidence Proportion in the OP Setting:
Percentage of RSV-Positive Results Among Those Tested for RSV

Six studies [39, 42, 56, 62, 69, 70] reported RSV laboratory test-
ing incidence proportions in the OP setting (Figure 4;
Supplementary Table 5A). The highest RSV laboratory testing
incidence proportion was observed in 2 studies with LRTT in-
fant populations [42, 56]. Incidence proportions of 54% among
63 bronchiolitis infants aged 0-12 months in a 2004-2008
Tennessee Children’s Respiratory Initiative cohort [56] and
69% among 102 bronchiolitis infants aged <3 months seen
across 219 practices in 44 states from 1995 to 1998 [42] were
observed. Among ARI, symptomatic, or healthy populations,
the lowest RSV laboratory testing incidence proportion was
4% among 148 infants and children aged <5 years with
influenza-like symptoms seen from 2013 to 2015 in
New York [69], and the highest was 24% among 174 infants
aged <3 months without bronchiolitis seen across 219 practic-
es in 44 states from 1995 to 1998 [42].

RSV testing incidence proportion data further stratified by
wGA, race/ethnicity, comorbidity conditions, or insurance
payer were not provided for any healthcare setting.

Studies describing RSV laboratory testing incidence propor-
tion for combined settings (ie, IP with other settings, ED with
other settings, or OP with other settings) are listed in
Supplementary Table 5C but were not described further due
to the lack of setting-specific data.

DISCUSSION

This SLR reviewed studies published between January 2000 and
June 2021 (data from 1988 to 2020), reporting RSV laboratory
testing practices, testing frequency, and testing incidence pro-
portion across all healthcare settings in US infants and children
aged <<5 years. Clinical decision to test for RSV was variable
and often unclear across and within settings, with only a pro-
portion of infants and children being laboratory tested,
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Figure 3.

Respiratory syncytial virus testing laboratory incidence proportion in the emergency department, United States infants and children aged <5 years (n=7). The

x-axis shows the author (publication year) and reporting data years. Studies are presented in increasing age order of the study population in each study. Study references are
provided in Supplementary Table 2. Populations across the studies were heterogeneous; thus, testing patterns may not be uniform across the studies. *The Jamieson (2022)
study was published electronically in 2020 and was captured in our literature search. Abbreviations: EIA, enzyme immunoassay; LRTI, lower respiratory tract infection.

suggesting that those tested for RSV may not be representative
of total US infant and pediatric RSV populations. Only 2 stud-
ies conducted in Northern California [44, 45] provided RSV
laboratory testing frequency data for multiple settings to allow
for comparisons across settings and the findings elucidate that
testing occurs less frequently in the ED and OP compared to the

IP setting. This SLR also showed the changes in RSV testing
types over time with earlier studies utilizing tests such as direct
fluorescent antibody and cultures while more recent studies re-
ported greater utilization of PCR tests. Moreover, not all infants
and children were tested for RSV and this pattern held across all
healthcare settings, suggesting there may be heterogeneity in
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Figure 4. Respiratory syncytial virus testing laboratory incidence proportion in the outpatient setting, United States infants and children aged <5 years (n = 6). The x-axis
shows the author (publication year) and reporting data years. Studies are presented in increasing age order of the study population in each study. Study references are
provided in Supplementary Table 2. Populations across the studies were heterogeneous; thus, testing patterns may not be uniform across the studies. Abbreviations: II-
SP, Influenza Incidence Surveillance Project; ITT, intention to treat; LRTI, lower respiratory tract infection; MoSAIC, Mobile Surveillance for Acute Respiratory Infections
and Influenza-like lliness in the Community; RCT, randomized controlled trial; URI, upper respiratory illness.
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RSV laboratory testing practice with differences in testing fre-
quency by setting that could potentially underestimate RSV.
However, the data were >10 years old, not available for all
healthcare settings, and pertained to select infant and pediatric
populations within a closed health system. Further research us-
ing current data and conducted within other health systems in
various geographical locations is urgently needed to fill the
knowledge gaps identified by this SLR.

Varying pediatric populations by chronological age, setting,
respiratory symptoms, time periods, locations, testing practic-
es, and test types were included in the studies identified in this
SLR, making it difficult to summarize the RSV laboratory test-
ing frequency and incidence proportion data across studies.
Stratified data by sociodemographic and clinical variables
such as wGA, insurance status, and comorbidity conditions
were also not available by setting. Hence, there are potential un-
certainties around assessing the impact of new immunization
strategies to prevent RSV due to these data gaps in the existing
literature landscape. As new RSV prevention strategies are on
the horizon [71], models used to estimate the impact of poten-
tial new immunoprophylaxis on the RSV disease burden will
need laboratory testing data inputs, overall and by sociodemo-
graphic and clinical variables. Specifically, the number of in-
fants and children who test positive for RSV among LRTIs
and the number of LRTIs among RSV-positive infants and chil-
dren for multiple settings should be described. Studies con-
ducted among all infants and children aged <5 years across
all settings, with detailed sociodemographic and clinical data
collection, will allow for a complete perspective of RSV disease
in the US and are urgently needed.

This SLR had several strengths including rigorous study
methodology that registered the study protocol a priori before
SLR conduct, adherence to the PRIMSA guidelines, and use of
validated RoB tools to evaluate the quality of the included
studies. Because the SLR was specific to infants and children
aged <5 years in the US, our findings may not be generalizable
to those outside of the US or to populations >5 years of age.
Furthermore, there were changes in detection methods
over time, which were not accounted for, and there is the
possibility of testing bias across the studies given the variability
in the clinical decisions to test. The impact of coronavirus dis-
ease 2019 on RSV epidemiology was not considered in this
review.

This SLR highlights the substantial variability in RSV labora-
tory testing practices, testing frequency, and testing incidence
proportions. Furthermore, the limited number of studies de-
tailing RSV laboratory testing frequency emphasizes the lack
of routine testing in the US, especially outside of the IP setting.
Studies exploring the intersection between RSV laboratory test-
ing results and ICD diagnosis codes are needed to inform the
extent of underestimation of RSV. Prospective studies with ac-
tive, routine testing across all healthcare settings are needed to

comprehensively describe the true burden of RSV among in-
fants and children in the US.
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