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ABSTRACT

Introduction: The REGAL (RSV evidence—a

geographical archive of the literature) series

provide a comprehensive review of the

published evidence in the field of respiratory

syncytial virus (RSV) in Western countries over

the last 20 years. This third publication covers

the risk and burden of RSV infection in infants

with chronic lung disease (CLD), formerly

called bronchopulmonary dysplasia (BPD).

Methods: A systematic review was undertaken

of publications between January 1, 1995 and

December 31, 2015 across PubMed, Embase,

The Cochrane Library, and Clinicaltrials.gov.

Studies reporting data for hospital visits/

admissions for RSV infection among infants

with CLD/BPD who were not prophylaxed, as

well as studies reporting RSV-associated

morbidity, mortality, and healthcare costs,

were included. Burdens of disease data were

compared with preterm infants without CLD/
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BPD, other high-risk groups and term infants.

Study quality and strength of evidence (SOE)

were graded using recognized criteria.

Results: A total of 1837 studies were identified

and 39 were included. CLD/BPD is a significant

independent risk factor for RSV hospitalization

[RSVH (odds ratio 2.2–7.2); high SOE]. Infants

and young children with CLD/BPD had high

RSVH rates which were generally similar in

Europe, the United States, and Canada, mostly

varying between 12 and 21%. Infants with CLD

also had a longer length of hospital stay than

other high-risk groups and term infants (high

SOE). On average, infants spent 4–11 days in

hospital (moderate SOE). Once hospitalized for

RSV, affected children were at risk for a more

severe course of disease than children with no

RSVH (moderate SOE).

Conclusion: Severe RSV infection in infants

and young children with CLD/BPD poses a

significant health burden in Western

countries. Further studies focussing on the

burden of RSV infection in this

well-recognized population at high risk for

severe disease are needed to help improve

outcomes and plan allocation of healthcare

resources.
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INTRODUCTION

Respiratory syncytial virus (RSV) is the most

important cause of severe respiratory infection

in infants, accounting for over 3 million

hospitalizations worldwide each year [1].

Chronic lung disease (CLD) [formerly called

bronchopulmonary dysplasia (BPD)] is the most

common pulmonary complication of

premature birth and increases the risk of RSV

infection because it compromises lung

function, distorts airway architecture, and

promotes a pro-inflammatory milieu [2, 3].

Severe RSV infection is associated with

substantial morbidity and constitutes a

considerable burden on healthcare systems [4].

During the first 2 years of life, children with

CLD/BPD are hospitalized for severe RSV at a

higher rate than children born at term or more

than 36 weeks gestational age (wGA) [5–7].

High-risk infants, including those with CLD/

BPD, also have a significantly higher intensive

care unit (ICU) admission rate and length of

stay (LOS) in hospital, and require more

invasive and longer respiratory support than

near-term or full-term infants [8]. There is

currently no curative treatment for RSV

infection. Treatment focuses primarily on

supportive measures, such as providing

supplemental oxygen and ensuring adequate

hydration. RSV immunoprophylaxis is the

mainstay of disease prevention and is

indicated for specific children at high risk of

developing serious disease. Current published

guidelines recommend that RSV

immunoprophylaxis is offered to infants with

CLD/BPD who require medical therapy, such as

supplemental oxygen, bronchodilator, diuretic

or chronic corticosteroid treatment, within

6 months before the onset of the RSV season

[9–15].

New RSV therapeutics are currently being

developed [16]. Therefore, it is important that

there is a greater understanding of CLD/BPD as

a condition leading to enhanced risk for severe

RSV disease in order to improve preventative

and management strategies, improve overall

patient outcomes, and reduce the burden on

healthcare systems. To provide a
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comprehensive understanding of severe RSV

disease in Western societies, a panel of experts

in RSV from the United States, Canada and

Europe undertook an evidence-based search of

the literature which has accumulated over the

past two decades. REGAL (RSV Evidence—a

Geographical Archive of the Literature) defines

the current state of the art in our understanding

of RSV as well as, importantly, identifying gaps

in our knowledge and future areas of research.

This paper, which represents the third in a series

of seven publications covering a range of topics

on RSV disease, identifies and describes the risks

and associated morbidity and mortality of

severe RSV infection requiring hospitalization

in infants and young children with CLD/BPD in

Western societies.

METHODS

Study Objective

REGAL addresses seven specific research

questions, covering: overall epidemiology,

prematurity, CLD/BPD, congenital heart

disease (CHD), long-term respiratory

morbidity, other high-risk groups (e.g. Down

syndrome), and prevention, management and

future perspectives. The systematic reviews

undertaken to answer each research question

all use the same broad methodology, which has

been described elsewhere [17]. The full protocol

and generic search terms for the systematic

reviews are available as part of the online

supplement. In brief, a systematic and

comprehensive search of the medical literature

electronically indexed in PubMed, EMBASE, the

Cochrane Library and clinicaltrials.gov was

conducted. The detailed search strategy used

free-text search terms combined with Medical

Subject Headings (MeSH). As per the ambit of

REGAL, only studies conducted in Western

countries were included, which we defined as

the United States, Canada, and Europe

(including Turkey and the Russian Federation).

Literature Search

In this systematic literature review, we sought

to answer the key question: ‘‘What is the

morbidity, long-term sequelae and mortality of

infants and young children with CLD/BPD due

to severe RSV lower respiratory tract infection?’’

The search for this systematic review

included studies conducted in children

B18 years old and published between January

1, 1995 and December 31, 2015. The target

population was infants and young children

with CLD/BPD who had ‘proven’ or ‘probable’

RSV and had or had not received RSV

immunoprophylaxis. We retained only studies

that reported RSV hospitalization (RSVH) and

outcome data for infants and young children

with CLD/BPD. However, studies with mixed

pediatric populations hospitalized with RSV

were also considered if there were sufficient

data on infants and young children with CLD/

BPD. We limited publications by excluding

meta-analyses and review articles. No language

limits were set on the database searches, with

the caveat that English translations of at least

the abstract had to be available.

The following general terms and limits were

used in MEDLINE (PubMed), EMBASE and the

Cochrane Library: ‘‘RSV’’ OR ‘‘respiratory

syncytial virus’’ AND ‘‘lower respiratory tract

infection’’ OR ‘‘bronchiolitis’’ OR ‘‘pneumonia’’

AND ‘‘chronic lung disease’’ OR ‘‘CLD’’ OR

‘‘bronchopulmonary dysplasia’’ OR ‘‘BPD’’ AND

‘‘hospitalization’’ OR ‘‘predisposition’’ OR ‘‘risk

factor’’ AND ‘‘limits: human, child (birth to

18 years)’’. The search results were

supplemented by a review of the

bibliographies of key articles for additional

Infect Dis Ther (2016) 5:453–471 455



studies and inclusion of relevant abstracts

presented at key meetings. Other significant

studies of the target population, published

during the drafting of the manuscript, were

also included in the review, as identified by the

authors. Two reviewers (Smith and Blake)

undertook the search, with any disagreements

resolved after discussion with a third reviewer

(Rodgers-Gray) and Carbonell-Estrany. All

authors reviewed the search results, made any

additions and amendments, and approved the

final list of studies for inclusion.

Definition of CLD/BPD

It is recognized that the working definitions of

CLD and BPD have evolved over recent years,

now targeting extremely preterm infants with

structurally immature lungs and pulmonary

vasculature due to a predominant arrest of

lung growth as ‘‘new BPD’’ in contrast to the

‘‘original BPD’’ based on the Northway

classification [18–23]. Since studies involving

RSV do not uniformly include a definition of

CLD/BPD, for completeness all reports

describing infants with CLD/BPD were

considered for inclusion in this review in order

to elucidate the additional risk of RSV infection

in infants with respiratory issues at birth. In

general terms, we defined BPD in infants born at

\32 weeks post-menstrual age as follows, based

on established criteria [24]:

– Mild BPD: oxygen requirement for the first

28 days but in room air at 36 weeks

post-menstrual age

– Moderate BPD: oxygen requirement for the

first 28 days and oxygen \30% at 36 weeks

post-menstrual age

– Severe BPD: oxygen requirement for the first

28 days and oxygen [30% or continuous

positive airway pressure (CPAP) or

mechanical ventilation at 36 weeks

post-menstrual age.

For infants born [32 weeks post-menstrual

age, the definition was adjusted for the time

endpoint of 56 days of life instead of 36 weeks

post-menstrual age [25]. CLD was defined as the

continuous need for oxygen or respiratory

support beyond 36 weeks post-menstrual age.

Outcomes of Interest

The outcomes of interest for this review

included hospitalization rates due to severe

RSV infection, hospital LOS, ICU admission

and LOS, oxygen requirement, need for and

duration of mechanical ventilation and/or

non-invasive ventilation, and case-fatality

rates.

Evaluation of Data

Included publications were graded according to

the Oxford Centre for Evidence-Based Medicine

Levels of Evidence [26, 27]: level 1 evidence

[local and current random sample surveys (or

censuses)]; level 2 evidence (systematic review

of surveys that allow matching to local

circumstances); level 3 evidence (local

non-random sample); and level 4 evidence

(case-series). For each study, we also conducted

a risk of bias assessment using the RTI Item

Bank (score of 1 = very high risk of bias; score of

12 = very low risk of bias) for observational

studies [28].

Statement of Ethics Compliance

The analysis in this article is based on

previously published studies and does not

involve any new studies of human subjects

performed by any of the authors.
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RESULTS AND DISCUSSION

Articles Selected

From the initial literature search, we identified

2422 potentially relevant articles, of which 592

were duplicates (Fig. 1). After phase 1 screening

of the titles, 215 articles were considered and

reviewed at abstract level, while 183 abstracts

were rejected for not meeting the selection

criteria, the majority because the studies did not

focus on the population of interest (children

B18 years old in Western countries) or disease

of interest (RSV burden or hospitalization).

Thirty-nine studies were included of which 32

were identified from the literature search and an

additional 7 from reference lists/other sources.

Data extraction tables for all 39 studies,

including evidence grades and risk of bias

assessments can be found in the online

supplement.

Incidence of RSV Hospitalization

Studies from the United States, Canada and

Europe have shown that infants with CLD/BPD,

particularly those born prematurely, are at high

risk for RSV-associated hospitalizations in the

first 2 years of life [5, 29–46]. Across a number of

studies, CLD/BPD had the highest or, in one

case, the second highest, odds ratio (OR) of all

independently significant risk factors for RSVH

(Table 1). In a retrospective cohort study of

1721 premature infants [23–36 weeks

gestational age (wGA)], CLD, defined as

C28 days of perinatal oxygen, was found to be

Fig. 1 PRISMA flow diagram. Epidemiology and burden of RSVH in infants with CLD/BPD. The third reviewer (B.R.G.)
and X.C.E. were not required to resolve any disagreements during the review process
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a significant risk factor for RSVH (OR 3.7;

P\0.001 vs. those who required \28 days of

oxygen) [32]. Similarly, in a population-based

cohort study of 1103 infants born \35 wGA,

CLD, defined as oxygen requirement beyond

36 weeks post-conceptual age, was found to be

independently associated with RSVH [adjusted

OR 3.99, 95 % confidence interval (CI) 1.4–11.2]

[31]. When restricted to studies using a

definition of ‘a continued need for oxygen

therapy at 36 weeks post-conceptual age’, the

OR for RSVH was 2.2–3.99. Overall, studies

report ORs of between 2.2 and 7.2 for CLD/

BPD as a risk factor for RSVH.

The reported incidence of RSVH in infants

and young children with CLD/BPD who had

not received RSV immunoprophylaxis varies

between 12 and 46%, with 8 of 10 studies

reporting an incidence of between 12 and 21%

(Table 2) [6, 31, 32, 36, 41, 48–52]. In the

Munich RSV study, the risk of RSVH was

higher in preterm infants (B35 wGA) with

CLD compared with preterm infants (B35

wGA) without CLD (15.0% vs. 4.4%) [31].

Taken together and discounting any

heterogeneity across study populations, the

average, weighted incidence of RSVH among

895 children with BPD/CLD in the identified

studies (Table 2) was 16.8%. When limited to

studies with a definition of BPD/CLD as ‘a

continued need for oxygen at 36 wGA’, the

weighted mean was also 16.8%.

During the first 2 years of life, children with

CLD/BPD are hospitalized for severe RSV at a

higher rate than children born at term (C36

wGA) [5–7]. There is also some evidence that

children with CLD/BPD have higher RSVH rates

than those with CHD [7] or preterm infants

without comorbidities [5, 7]. In a retrospective

cohort study of all children \3 years old

enrolled in the Tennessee Medicaid program

from July 1989 through June 1993 (248,652

child-years), the estimated RSVH rate per 1000

children in the first and second year of life was

higher for those with BPD compared with other

high-risk populations (Table 3) [7]. A

population-based cohort study performed in

the UK also reported higher RSVH rates during

the first year of life among infants with CLD

[56.2 per 1000 infants (95% CI 49.9–63.2)]

compared with those born prematurely [47.3

per 1000 infants (95% CI 44.4–50.2)] and those

born at term [22.4 per 1000 infants (95% CI

21.8–22.9)] [5]. In contrast, a Finnish study [6]

showed that whilst significantly higher RSVH

rates were reported for children with CLD than

for children born at [36 wGA without CLD

(12.0% vs. 1.9%; P = 0.003), differences in the

admission rates between children with CLD and

those born at B35 wGA were not significant.

Comparing rates observed in various studies,

particularly in children with CLD/BPD, is

extremely difficult because of differences in

methodology and the demographics of the

study populations.

Data suggest that RSVH rates for infants with

CLD/BPD have steadily decreased over the past

15 years [42, 53]. Findings from an 11-year

cohort study (1998–2008) conducted in the US

suggest that RSVH in children aged \2 years

with CLD have steadily decreased even while

all-cause hospitalizations in this high-risk

population remained unchanged [53]. On

average, about 966 hospitalizations for RSV

(range 98–1373) per year were reported for

children aged \2 years with CLD. Over the

study period, the predicted rate of RSVH

decreased significantly, by 48% (from 93.78 to

49.06 per 1 million children; P = 0.013). The

authors suggest reasons for this decrease may
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Table 2 Hospitalization for RSV infection in the first 2 years of life in children with CLD/BPD who had not received RSV
immunoprophylaxis

Study Country Study
participants

Definition of BPD/CLD Number of
children
with CLD/
BPD

RSV
hospitalization
rate (%)

IMpact-RSV study

1998 [48]

US, UK

and

Canada

B24 months

olda
Clinical diagnosis of BPD requiring

ongoing medical treatment (i.e.

supplemental oxygen, steroids,

bronchodilators, or diuretics

within the previous 6 months)

266c 12.8

Pedersen 2003

[49]

Denmark Preterm infants

\28 wGA

and/or

birthweight

\1000 g

Continued need for oxygen therapy

at 36 weeks post-conceptual age

30 30.0

Heikkinen 2005

[6]

Finland Preterm infants

B35 wGAb

Continued need for oxygen therapy

at 36 weeks post-menstrual age or

if children\2 years required

medical therapy within 6 months

before the start of the RSV season

25 12.0

Grimaldi 2004

[52]

France Preterm infants

B32 wGA

Oxygen dependency at 28 days after

birth

26 46.2

Liese 2003 [31] Germany Preterm infants

\35 wGA

Continued need for oxygen therapy

at 36 weeks post-conceptual age

53 15.1

Carbonell-Estrany

2000 [36]

Spain Preterm infants

B32 wGA

Continued need for oxygen therapy

at 36 weeks post-conceptual age

38 21.1

Deshpande 2003

[41]

UK Preterm infants

\37 wGA

Continued need for oxygen therapy

at 36 weeks post-menstrual age

64 15.6

Greenough 2001

[50]

UK Preterm infants

\32 wGA

Oxygen dependency beyond 28 days

after birth

235 19.1

Thomas 2000 [51] UK Preterm infants

\32 wGA

Continued need for oxygen therapy

at 36 weeks post-conceptual age

34 8.8

Joffe 1999 [32] US Preterm infants

B36 wGA

Oxygen therapy for C28 days in the

NICU

124 14.5

BPD bronchopulmonary dysplasia, CLD chronic lung disease, NICU neonatal intensive care unit, RSV respiratory syncytial
virus, wGA weeks gestational age
a Study also included infants born B35 wGA and B6 months old
b Study included infants born C36 wGA, but all infants with CLD born B35 wGA
c Placebo group with BPD
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include improved neonatal intensive care unit

(NICU) and outpatient management of CLD,

and possibly increased use of RSV

immunoprophylaxis in this high-risk

population [53].

Morbidity and Healthcare Resource

Utilization

Studies have demonstrated that hospitalization

due to RSV infection among infants with CLD/

BPD not only leads to an increased risk of

morbidity but also increased healthcare

resource utilization, including admission to

NICU, oxygen supplementation, and

mechanical ventilation

[8, 30, 38, 41, 51, 54–59]. The typical length of

stay in hospital for RSV infection for infants

with CLD/BPD is 4–11 days compared to

2–5 days in premature or term infants without

CLD/BPD (Table 4) [38, 41, 51, 57, 58].

Multivariate analyses have shown CLD/BPD to

be significantly and independently associated

with a complicated course of disease and use

and duration of mechanical ventilation [54, 55].

BPD (oxygen dependency beyond 28 days) has

been associated with a requirement for

extracorporeal membrane oxygenation

(ECMO) support (OR 11.8, 95% CI 2.2–63.1;

P = 0.004) [54].

Data from the Canadian PICNIC (Pediatric

Investigators Collaborative Network on

Infections in Canada) study [60] showed that

there were no significant differences among

infants with BPD and those with other

pulmonary disorders (cystic fibrosis, recurrent

aspiration pneumonitis, pulmonary

malformation, neurogenic disorders interfering

with pulmonary toilet, and tracheoesophageal

fistula) for the morbidity measures: duration of

hospitalization, ICU admission, duration of ICU

stay, mechanical ventilation and duration of

mechanical ventilation (overall hospitalization

rate: 91 for infants with BPD vs. 68 for infants

with other pulmonary disorders). However, the

relatively small sample sizes of the respective

sub-populations may have influenced the

findings [60].

Greenough et al. [50] reported that preterm

infants with CLD who require hospitalization

for RSV infection have significantly greater

morbidity in the first 2 years after birth than

Table 3 RSV hospitalization rates for high-risk populations [7]

Group RSV hospitalization rate per 1000 children

First year of life Second year of life

BPD 388 73

CHD 92 18

B28 wGA 70 30

29 to\33 wGA 66 8

33 to\36 wGA 57 11

Term (with no underlying medical condition) 30 4

Data are from a retrospective cohort study of all children\3 years old enrolled in the Tennessee Medicaid program from
July 1989 through June 1993 (248,652 child-years)
BPD bronchopulmonary dysplasia, CHD congenital heart disease, RSV respiratory syncytial virus, wGA weeks gestational
age
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those without RSV infection. In this

retrospective study, 235 preterm infants (\32

wGA) who were admitted to NICU during the

first week after their birth and subsequently

developed CLD (defined as an oxygen

dependency beyond 28 days after birth) were

followed until they were 2 years of age.

Forty-five infants (19 %) had at least one

hospital admission for a proven RSV infection.

Compared with preterm infants (\32 wGA)

with CLD/BPD with probable bronchiolitis and

those with other respiratory problems, preterm

infants with CLD/BPD and proven RSV

infection had a longer length of stay in

hospital (median: 21 vs. 6.5 and 8 days,

respectively; P\0.001) and longer duration of

stay in pediatric wards (median 16 vs. 4.5 and

6 days, respectively). Outpatient attendances

per infant during the first 2 years of life were

also significantly higher in the RSV proven

group (P\0.01), as were primary care

consultations for respiratory illnesses (P\0.05)

compared with the other groups [50]. Findings

from a subsequent retrospective study of 190 of

the original cohort of 235 children with CLD,

published in 2004, showed that children who

had been hospitalized with a proven RSV

infection in the first 2 years required more

health care for respiratory problems in years

2–4 inclusive [61].

These retrospective studies demonstrate that

severe RSV infection in preterm children with

CLD/BPD causes considerable morbidity, as

indicated by their significantly higher use of

health care resources compared to full-term

children hospitalized for RSV infection

[38, 41, 50, 51, 57, 58, 61]. However, too few

data are available on infants with CLD/BPD

admitted to NICU to allow more detailed

conclusions to be drawn. This highlights the

need for more studies specifically considering

severe RSV infection in infants with CLD/BPD,

as the majority of data in this high-risk group

come from mixed populations of previously

healthy children and preterm infants with and

without CLD/BPD.

Healthcare Costs

Data from the published literature show that

RSVH in preterm infants with CLD is associated

with substantial healthcare costs [4, 50, 61, 62].

In the 2001 retrospective study by Greenough

et al. [50], preterm infants with CLD who had a

proven RSV infection generated significantly

higher costs of care, approximately three times

those who were RSV-negative. In the

subsequent study, published in 2004, costs

were assessed over a 3-year period when the

children were aged 2–4 years [61]. Compared

with the non-RSVH group, these infants

continued to incur significantly greater costs

of care for respiratory problems in later

childhood [median £2630 (€4000, US $4800),

range £124–18,091 vs. £1360 (€2500, US $3000),

range £5–18,929] [61]. In a population-based

cohort study of 3458 infants and children

hospitalized for severe RSV infection during

the RSV seasons 1996–1997 to 1999–2000 in the

Netherlands, RSVH costs were higher for infants

with BPD (€5785) than for other high-risk

groups, including those with lower gestational

age (€5555), and lower birth weight (€3895).

The authors observed that the differences in

RSVH costs were mainly due to a longer

duration of hospitalization [4]. Similarly, an

observational, retrospective survey in Spain that

analysed all RSVHs for children up to 5 years of

age reported during the 1997–2011 period

found that the average LOS and hospital costs

Infect Dis Ther (2016) 5:453–471 465



were significantly higher in high-risk children,

including those with BPD [62].

Estimates of RSVH costs have been reported

in other studies, but these were not

differentiated by patient characteristics such as

CLD/BPD, making comparisons difficult.

Case-Fatality Rates

Few studies in the published literature on RSVH

report case-fatality rates in infants with CLD/

BPD, and therefore it is difficult to ascertain

from the available data the precise number of

true RSV deaths in this high-risk population.

There are currently no data to suggest that

case-fatality rates are higher in those children

with CLD/BPD than in healthy term children or

premature children without CLD/BPD

[38, 51, 58, 63, 64].

LIMITATIONS

There are two main limitations that merit

consideration. First, the changing definitions

of CLD/BPD over time may have affected the

cross-comparisons that were generated between

studies. Second, there was a lack of studies

specifically investigating CLD/BPD. The

majority of the studies identified comprised

mixed populations, a proportion of which had

CLD/BPD. In addition, other factors, such as

improvements in medical practice over time

and the type of RSV testing and surveillance

systems employed will have influenced

interpretation of the results. New studies

should recognize that the established criteria

for the definition of BPD [24, 65] may be used as

a framework but are in a state of evolution

[18, 22, 66] and, ideally, should include control

for prematurity (stratified by gestational age) as

another well-recognized risk factor for RSVH.

This will enable more meaningful comparisons

between studies and thereby a more reliable

assessment of the true burden of RSV infection

in this at-risk population.

CONCLUSIONS

This review has assessed, quantified and

summarized all the key evidence for the

burden of RSV infection in infants and young

children with CLD/BPD in Western countries

over the last 20 years. Data show that this

specific population are particularly susceptible

to developing severe RSV disease necessitating

re-hospitalization and medical therapy,

including supplemental oxygen and

mechanical ventilation, following discharge

from NICUs. Data suggest that the course of

illness is more severe in children with CLD/BPD

compared with otherwise healthy preterm

infants and is associated with longer duration

of hospital stay. Rates of RSVH among this

high-risk group in European countries appear to

be generally similar to those in the United

States and Canada.

This systematic review provides further

evidence that severe RSV infections in infants

and young children with CLD/BPD still pose a

significant health burden in Western countries.

Most of our knowledge, however, has come

from studies conducted more than a decade

ago. These findings highlight the need for

more up-to-date studies of the relative

importance of CLD/BPD as a risk factor for

severe RSV disease. Improved surveillance of

this population will provide a more

informative insight into the burden of disease

to help improve outcomes and plan allocation

of health care resources.
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Estándares de la SENeo, et al. Update of
recommendations on the use of palivizumab as
prophylaxis in RSV infections. An Pediatr (Barc).
2015;82:199e1–2.

13. Mori M, Kawashima H, Nakamura H, Nakagawa
M, Kusuda S, Saji T, et al. Nationwide survey of
severe respiratory syncytial virus infection in
children who do not meet indications for
palivizumab in Japan. J Infect Chemother.
2011;17:254–63.

14. Chi H, Hsu CH, Chang JH, Chiu NC, Hung HY, Kao
HA, et al. A novel six consecutive monthly doses of
palivizumab prophylaxis protocol for the
prevention of respiratory syncytial virus infection
in high-risk preterm infants in Taiwan. PLoS ONE.
2014;27(9):e100981.

15. AlAql F, Al-Hajjar S, Bin Mahoud L, Al-Alaiyan S,
Tufenkji H, Abuzaid S, et al. Guidelines for
palivizumab prophylaxis in infants and young
children at increased risk for respiratory syncytial
virus infection in Saudi Arabia. Int J Pedatric
Adolesc Med. 2016;3:38–42.

16. Mazur NI, Martinón-Torres F, Baraldi E, Fauroux B,
Greenough A, Heikkinen T, et al. Lower respiratory
tract infection caused by respiratory syncytial virus:
current management and new therapeutics. Lancet
Respir Med. 2015;3:888–900.

17. Bont L, Checchia P, Fauroux B, Figueras-Aloy J,
Manzoni P, Paes B, et al. Defining the epidemiology
and burden of severe respiratory syncytial virus
infection among infants and children in western
countries. Infect Dis Ther. 2016 (Epub ahead of
print).

18. Jensen EA, Schmidt B. Epidemiology of
bronchopulmonary dysplasia. Birth Defects Res A.
2014;100:145–57.

19. Bancalari E. Is persistent need for supplemental
oxygen a good indicator of adverse pulmonary
outcome in very immature infants? Arch Dis Child
Fetal Neonatal Ed. 2014;99:F254–5.

20. Jain D, Bancalari E. Bronchopulmonary dysplasia:
clinical perspective. Birth Defects Res A.
2014;100:134–44.

21. Northway WH Jr, Rosan RC, Porter DY. Pulmonary
disease following respiratory therapy of
hyaline-membrane disease: bronchopulmonary
dysplasia. N Engl J Med. 1967;276:357–68.

22. Maitre NL, Ballard RA, Ellenberg JH, Davis SD,
Greenberg JM, Hamvas A, Prematurity and
Respiratory Outcomes Program, et al. Respiratory
consequences of prematurity: evolution of a
diagnosis and development of a comprehensive
approach. J Perinatol. 2015;35:313–21.

23. Poindexter BB, Feng R, Schmidt B, Aschner JL,
Ballard RA, Hamvas A, Prematurity and Respiratory
Outcomes Program, et al. Comparisons and
limitations of current definitions of
bronchopulmonary dysplasia for the prematurity
and respiratory outcomes program. Ann Am Thorac
Soc. 2015;12:1822–30.

24. Walsh MC, Szefler S, Davis J, Allen M, Van Marter L,
Abman S, et al. Summary proceedings from the
bronchopulmonary dysplasia group. Pediatrics.
2006;117:S52–6.

25. Walsh MC, Wilson-Costello D, Zadell A, Newman
N, Fanaroff A. Safety, reliability, and validity of a
physiologic definition of bronchopulmonary
dysplasia. J Perinatol. 2003;23:451–6.

26. OCEBM Levels of Evidence Working Group. The
Oxford 2011 Levels of Evidence. Oxford Centre for
Evidence-Based Medicine. http://www.cebm.net/
index.aspx?o=5653. Accessed March 2016.

27. OCEBM Levels of Evidence Working Group. The
Oxford 2009 Levels of Evidence. Oxford Centre
for Evidence-Based Medicine. http://www.cebm.
net/oxford-centre-evidence-based-medicine-levels-
evidence-march-2009/. Accessed March 2016.

28. Viswanathan M, Berkman ND, Dryden DM,
Hartling L. Assessing risk of bias and confounding
in observational studies of interventions or
exposures: further development of the RTI item
bank. Methods Research Report. AHRQ Publication
No. 13-EHC106-EF. Rockville, MD: Agency for
Healthcare Research and Quality; August 2013.
www.effectivehealthcare.ahrq.gov/reports/final.cfm.
Accessed March 2016.

29. Ricart S, Marcos MA, Sarda M, Anton A,
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Eis-Hübinger AM, Schildgen O, Weimann E, DSM
RSV Paed Study Group, et al. Respiratory syncytial
virus infection in 406 hospitalized premature
infants: results from a prospective German
multicentre database. Eur J Pediatr.
2007;166:1273–83.

56. Grimaldi M, Cornet B, Milou C, Gouyon JB.
Prospective regional study of an epidemic of
respiratory syncytial virus (RSV) bronchiolitis.
Arch Pediatr. 2002;9:572–80.

57. Zaw W, McDonald J. Respiratory syncytial virus
bronchiolitis in ex-preterm infants in the Scottish
highlands: review of hospital admissions and an
analysis of hospital cost. Scott Med J.
2003;48:108–10.

58. Duppenthaler A, Gorgievski-Hrisoho M, Aebi C.
Regional impact of prophylaxis with the
monoclonal antibody palivizumab on

hospitalisations for respiratory syncytial virus in
infants. Swiss Med Wkly. 2001;131:146–51.

59. Van de Steen O, Miri F, Gunjaca M, Klepac V, Gross
B, Notario G, et al. The burden of severe respiratory
syncytial virus disease among children younger
than 1 year in Central and Eastern Europe. Infect
Dis Ther. 2016 (Epub ahead of print).

60. Arnold SR, Wang EE, Law BJ, Pediatric Investigators
Collaborative Network on Infections in Canada,
et al. Variable morbidity of respiratory syncytial
virus infection in patients with underlying lung
disease: a review of the PICNIC RSV database.
Pediatr Infect Dis J. 1999;18:866–9.

61. Greenough A, Alexander J, Burgess S, et al. Health
care utilisation of prematurely born, preschool
children related to hospitalisation for RSV
infection. Arch Dis Child. 2004;89:673–8.

62. Gil-Prieto R, Gonzalez-Escalada A, Marı́n-Garcı́a P,
Gallardo-Pino C, Gil-de-Miguel A. Respiratory
syncytial virus bronchiolitis in children up to
5 years of age in Spain: epidemiology and
comorbidities: an observational study. Medicine
(Baltimore). 2015;94:e831.

63. Wang EE, Law BJ, Stephens D. Pediatric
Investigators Collaborative Network on Infections
in Canada (PICNIC) prospective study of risk factors
and outcomes in patients hospitalized with
respiratory syncytial viral lower respiratory tract
infection. J Pediatr. 1995;126:212–9.

64. Navas L, Wang E, de Carvalho V, Robinson J,
Pediatric Investigators Collaborative Network on
Infections in Canada. Improved outcome of
respiratory syncytial virus infection in a high-risk
hospitalized population of Canadian children.
J Pediatr. 1992;121:348–54.

65. Ehrenkranz RA, Walsh MC, Vohr BR, Jobe AH,
Wright LL, Fanaroff AA, et al. Validation of the
National Institutes of Health consensus definition
of bronchopulmonary dysplasia. Pediatrics.
2005;116:1353–60.

66. McEvoy CT, Jain L, Schmidt B, Abman S, Bancalari
E, Aschner JL. Bronchopulmonary dysplasia: NHLBI
Workshop on the Primary Prevention of Chronic
Lung Diseases. Ann Am Thorac Soc. 2014;11(Suppl
3):S146–53.

Infect Dis Ther (2016) 5:453–471 471


	Defining the Risk and Associated Morbidity and Mortality of Severe Respiratory Syncytial Virus Infection Among Infants with Chronic Lung Disease
	Abstract
	Introduction
	Methods
	Results
	Conclusion
	Funding

	Introduction
	Methods
	Study Objective
	Literature Search
	Definition of CLD/BPD
	Outcomes of Interest
	Evaluation of Data
	Statement of Ethics Compliance

	Results and Discussion
	Articles Selected
	Incidence of RSV Hospitalization
	Morbidity and Healthcare Resource Utilization
	Healthcare Costs
	Case-Fatality Rates

	Limitations
	Conclusions
	Summary box
	Acknowledgements
	References




