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Chapter

Resolving the Debate on RSV
Prophylaxis in Late Preterm
Infants

Bosco Paes, Barry Rodgers-Gray and Xavier Carbonell-Estrany

Abstract

There is still active debate in the scientific literature about the importance of
providing respiratory syncytial virus (RSV) prophylaxis to late preterm infants
born at 33-35 weeks’ gestational age (wGA). The American Academy of Pediatrics
and the Canadian Paediatric Society position statements only advocate for RSV
prophylaxis for infants <30 wGA. Several publications prove the contrary, report-
ing substantial morbidity and even mortality in older GA infants, following RSV
infection. Consequently, other Societies, such as from Spain and Italy, have differ-
ent criteria, and include as candidates 30-32 wGA infants and 33-35 wGA infants
with risk factors for severe RSV disease. This chapter will systematically examine
the current evidence for RSV prophylaxis in both early and late preterm infants
29-35 wGA and the cost-effectiveness of this strategy with the use of risk scoring
tools. The authors will attempt to reconcile the misconception that late preterm
infants do not merit RSV prophylaxis and hopefully resolve the long-standing
debate that currently exists in many countries worldwide.

Keywords: respiratory syncytial virus, palivizumab, prematurity, cost effectiveness,
prevention, risk scoring tools

1. Introduction

Respiratory syncytial virus (RSV) infection is a common cause of lower respira-
tory tract infection (LRTI) in young children and is associated with a high global
burden of incurred illness. In 2015, 2.8 million new episodes of RSV-related infec-
tions were reported in children <5 years of age in high income countries [1]. Of
these, at least 383,000 cases required hospital admissions with 3300 accompanying
deaths [1]. These figures represent a major healthcare burden, with costs estimated
to be $545 million in the United States alone in 2009 [2].

Preterm birth, those born <37 weeks’ gestational age (wWGA), has been associ-
ated with an increased risk for severe RSV-related disease requiring hospitalization
(RSVH) [3]. Possible explanations for the increased RSV infection rates in preterm
infants are incomplete airway development with reduced alveolar and bronchiolar
diameter, increased air space wall thickness, immature immunologic responses,
and reduced levels of maternally transmitted, RSV-specific antibodies compared to
infants born at term [4]. Globally, about 15 million infants per year are estimated to
be born premature, nearly 10% of all births, and thus are at potentially increased
risk for RSV infection [5, 6]. Furthermore, the World Health Organization (WHO)
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reported that the incidence of premature birth is rising [5]. This highlights the
importance of preventing RSV-related LRTI and indeed, the WHO has declared the
prevention of RSV to be a key healthcare priority [7]. Although several vaccines
and antibodies are currently in preclinical or clinical development, it is likely to be
several more years before any become commercially available [8, 9]. Therefore, cur-
rent therapeutic prevention relies solely on palivizumab, a humanized monoclonal
antibody, which is indicated for the prevention of RSVH in high-risk infants, such
as preterm infants born at <35 wGA or those with bronchopulmonary dysplasia
(BPD)/chronic lung disease (CLD) or congenital heart disease (CHD) [10, 11].
However, several current guidelines, most notably from the American Academy
of Pediatrics (AAP) and the Canadian Pediatric Society, seek to rationalize its use
by recommending palivizumab only for infants born at <29 wGA without CLD
[12-15], leaving the majority of preterm infants without therapeutic protection.

Risk-scoring tools (RSTs), models to estimate the risk of RSVH based on pre-
determined risk factors, have been developed to help identify infants at highest risk
for RSVH, which may allow for targeted and cost-effective prophylaxis of infants
born late preterm [16-19]. Some guidelines, such as those from Spain [20], Italy [21]
and Austria [22], advocate the use of such a risk factor-based approach to extend
prophylaxis to those preterm infants >30 wGA at highest risk.

This chapter aims to provide a rationale for palivizumab prophylaxis in late pre-
term infants and show that this can be cost effective with the use of validated RSTs.

2. Literature search

A literature review was undertaken using PubMed, EMBASE, and the Cochrane
Library of studies including <37 wGA infants without CLD or CHD but with
confirmed or probable RSV infection, published between 01 January 1998 and 31
December 2018. To maximize comparability of data, only studies conducted in
Western countries, defined as the US, Canada, and Europe (including Turkey and
the Russian Federation) were included. The following search terms were used, com-
bined with Medical Subject Headings (MeSH): [“RSV” OR “respiratory syncytial
virus” OR “lower respiratory tract infection” OR “LRTI” OR “acute respiratory tract
infection” OR “ARTI” OR “ARI” OR “lower respiratory infection (LRI)” OR “bron-
chiolitis”] AND [“preterm” OR “premature” OR “gestational age” OR “gestation”]
AND [“hospitalization®] OR [predisposition” OR “risk factor”] OR [“palivizumab”
OR “Synagis” OR “immunoprophylax®” OR “prophylax*”] OR [“cost effective®™ OR
“Cost”] AND limits: “human, child (birth to 18 years)”. Additional publications and
reference citations of potential relevance were included as identified by the authors.
All original studies, systematic reviews, meta-analyses, and prophylaxis guidelines
with at least an English abstract were reviewed.

As this chapter was based solely on published data, ethical approval was
not required.

3. Results and discussion
3.1 Literature search

A total of 3532 publications were identified from the literature search, of which
136 were deemed relevant (Figure 1). Another 20 references were identified from

other sources, resulting in a final number of 156 publications considered during the
drafting of this chapter.
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Figure 1.
PRISMA diagyam: RSVH in preterm infants (<37 wGA) who received palivizumab.

3.2 What do current guidelines recommend?

There is considerable variation in the published recommendations from national
guidelines on the use of palivizumab prophylaxis in preterm infants. The AAP 2014
policy [13, 14], which was unchanged following a review of new evidence in 2017
[15], recommends prophylaxis for healthy preterm infants only if born <29 weeks
and 0 days (290 wGA) and aged <1 year at the start of the RSV season. The justifica-
tion for this recommendation was partly based on a prospective, population-based
surveillance program (z = 2149), undertaken from 2000 to 2005 in the US, which
concluded that RSVH rates did not significantly differ between term (>37 wGA)
and preterm (<37 wGA) infants (5.3 vs. 4.6 per 1000 infants, respectively) [23].
Infants born at <30 wGA, on the other hand, experienced a significantly higher
RSVH rate of 18.7 per 1000 infants [23]. Further evidence cited was from an
analysis of the Tennessee Medicaid database (# = 248,652 infant-years), conducted
in the 1990s, which reported higher rates of RSVH in infants <29 wGA compared to
term infants with no underlying medical condition [24]. This difference remained
consistently higher at up to 23 months of age: 0-5 months, 93.8 vs. 44.1 per 1000
infants; 6-11 months, 46.1 vs. 15.0 per 1000 infants; and, 12-23 months, 30.0 vs.
3.7 per 1000 infants [24]. Another study, which included 1029 < 32 wGA preterm
infants, found a decreasing RSVH incidence with increasing GA: <26 wGA, 139 per
1000 infants; 27-28 wGA, 99 per 1000 infants; 29-30 wGA, 75 per 1000 infants;
and 30-32 wGA, 44 per 1000 infants [25]. Predicated on this evidence, the AAP
concluded that the risk of RSVH is considerably higher in those born <29° wGA
compared to those born between 29" and 35° wGA and, therefore, prophylaxis
should be recommended only in the former [13, 14]. A similar recommendation and
rationale is presented in the Canadian RSV position statement, published in 2015
[12]. The Canadian guideline concludes that it is “reasonable but not essential” to
offer prophylaxis to infants born <30 wGA who are younger than 6 months at the
start of the RSV season, but those born later do not merit prophylaxis, as the magni-
tude of difference in RSVH incidence between moderate to late preterm infants and
infants born at term is not great enough to justify prophylaxis in this group [12]. The
authors add that preterm infants are also less vulnerable to RSV infection nowadays
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due to advances in technology and increased awareness of infection transmission.
Preterm infants born >30 wGA are only eligible for prophylaxis if they live in
remote regions and would require air transportation for hospitalization [12].

Other guidelines recommend more liberal use of prophylaxis for preterms, with
Israeli guidelines, for example, recommending palivizumab for all preterm infants
<33 wGA who are aged <1 year at the start of the RSV season and 33-35 wGA who
are <6 months [26]. The Spanish and Italian guidelines recommend prophylaxis for
those born between 29 and 31 wGA and aged <6 months at the start of the RSV sea-
son or if discharged during the season [20, 21]. For 32-35 wGA infants <6 months
at the start of the RSV season, risk factors predisposing to severe infection and/or
need for hospitalization guide the use of prophylaxis [20, 21]. Similar recommenda-
tions are reported in a recently published international, expert consensus guideline
that guides cost-effective use of prophylaxis for high-risk 32-35 wGA infants with
avalidated RST [27]. Austrian guidelines have also adopted risk factors to guide
prophylaxis for all 29-35 wGA infants, but with a chronological age cut-off of
<6 months for 29-32 wGA and <3 months for 33-35 wGA [22].

3.3 Are late preterm infants at increased risk of RSVH compared to term infants?

Many studies in the literature report higher RSVH rates in late preterm infants
and children (32-36 wGA) compared to those born at term (Table 1) [23, 28-31]. In
a Dutch, community-based, cohort study that included 2099 children born between
2002 and 2003 (62 with RSVH), otherwise healthy 32-36 wGA children had a three-
fold higher RSVH rate compared with full term children (3.9 vs. 1.2%, respectively;
relative rate 3.2) [28]. Further evidence comes from a US, retrospective, cohort
study involving 599,535 children (7597 admitted for RSVH) that reported a higher
RSVH incidence in 33-36 wGA children compared to full term children (12.1 vs.

7.8 per 1000 person-years) [29]. The adjusted hazard ratio for RSVH was 2.45 and
1.92 for children born at 33-34 wGA and 34-36 wGA, respectively [29]. Another US

Study Number Age EP* LP* FT* Prophy- EP/LP
(mo) (=37 laxed definition
wGA) (wGA)
Hall 2013 [23] 2149 <24 18.7 6.9 53 20% EP: <30
LP: 32-34
Boyce 2000 248,652 <6 81.8 79.8 441 NR EP:29-32
[24] infant-years LP:33-35
Stevens 2000 1029 <12 230 119 NR NR EP: <29
[25] MLP: 29-32
Gijtenbeek 2099 <49 32 39 12 EP: 56.5% EP: <32
2015 [28] MP:2.2% LP:32-36
Helfrich 2015 599,535 <24 NR 121+ 7.8+ 0% LP: 33-36
[29]
Haerskjold 421,943 <24 50.8+ 28.0+ 141+ NR EP:23-32
2015 [30] LP:33-35
Cilla2006 [31] 357 <12 442 78.1 191 0% EP: <33
LP:33-35

"Cases per 1000 infants; +cases per 1000 infant-years; RSVH, respiratory syncytial virus-related hospitalization; EP,
early preterm; FT, full term; mo, months; LB, late preterm; MLE, moderate to late preterm; NR, not reported.

Table 1.
Rates of RSVH.
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Figure 2.

Rates of RSVH by gestational age group [34]. Hospitalization vates of infants aged less than 1 year at the time
of first RSVH in a large American database analysis involving 1,683,188 infants insured via Medicaid and
1,663,832 commercially insuved infants [34]. RSVH, respiratory syncytial virus-velated hospitalization; wGA,
weeks’ gestational age.

study, which included 247,566 infants (5322 RSVHs), found that 32-34 wGA infants
were at double the risk of RSVH compared to term infants of the same age (odds
ratio [OR] 1.94-2.41), and that the risk was highest in the youngest infants [32].
Young age was also associated with an increased risk of RSVH in 32-35 wGA infants
in the REPORT study (n = 1642) [33]. Interestingly, older age was associated with
higher rates of outpatient RSV visits, perhaps related to disease exposure [33]. A
Danish database analysis found that, while RSVH incidence decreased with increas-
ing GA, 33-35 wGA children still had a RSVH rate twice as high as full term children
(28.0 vs. 14.1 per 1000 years at risk) [30]. Another retrospective study, from Spain,
investigating infants born between 1996 and 2000 (» = 357), reported a RSVH

rate of 44.2 per 1000 children for <33 wGA infants compared to 1.91 per 1000 for
>38 wGA infants [31]. In this study, 33-35 wGA infants had the highest RSVH rate
at 78.1 per 1000 [31].

Other studies have reported that there is not necessarily a simple linear rela-
tionship between lower GA and increased risk of RSVH. For example, in a large
American database analysis involving 3,347,020 infants, RSVH rates were similar
across all gestational age groups from <29 to 36 wGA (Figure 2) [34]. In 2016, a
systematic review summarizing the evidence from 85 studies undertaken between
1995 and 2015 concluded that, due to considerable variability in methodologies
and results, it could not be clearly determined that infants born at younger GAs
had higher RSVH rates [3]. Overall, reported RSVH rates were approximately three
times higher in premature than term infants, although there was considerable vari-
ability across studies (range 1.1-8.1 times higher) [3].

Of potential note, two of the key studies cited by the AAP as evidence to restrict
prophylaxis to <29° wGA infants reported moderate to late preterm infants to be
at high risk of RSVH when considering those aged <6 months [23, 24]. In the US
population-based surveillance program [23], the RSVH rate for 32-34 wGA infants
<5 months of age was 11.0 per 1000 children, compared to a rate of 2.6 per 1000 for
those aged 6-23 months. Perhaps more revealing, the Tennessee Medicaid data-
base analysis [24] reported a RSVH rate of 79.8 per 1000 children for 33-35 wGA
infants <6 months old compared to 44.1 per 1000 for age-matched, low-risk infants
(incidence rate ratio: 1.8, 95% confidence interval [CI]: 1.5-2.1).
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3.4 What are the consequences of RSVH in late preterm infants?

The health burden associated with RSVH in late preterm infants has been
shown to be substantial [28, 35-38]. A pooled analysis of 7 prospective studies
from across the Northern Hemisphere, involving 7820 infants born 33-35 wGA
[39-45], reported a median length of stay (LOS) in hospital for RSV of 5.7 days,
with 22.2% of infants requiring intensive care unit (ICU) admission for a
median of 8.3 days [35]. Supplemental oxygen support was required by 70.4%
of cases for a median of 4.9 days and 12.7% required mechanical ventilation for
a median of 4.8 days [35]. The US SENTINEL1 study (n = 709) reported a mean
RSVH LOS of 5 days with 42% of 29-35 wGA infants being admitted to the
ICU (mean ICU LOS: 6 days) [36]. Of those admitted to the ICU, 19% required
mechanical ventilation [46]. In a Dutch cohort study [28], the RSV disease bur-
den was found to be similar between <32, 32-36 and 38-42 wGA infants, with
no significant differences in terms of hospital LOS (median of 8 vs. 7 vs. 7 days,
respectively; p > 0.3), oxygen use (82.4 vs. 60.5 vs. 85.7%; p > 0.1), mechanical
ventilation (5.9 vs. 15.8 vs. 42.9%; p > 0.1), or gavage feeding (29.4 vs. 39.5 vs.
42.9%; p > 0.6). Other studies, however, have indicated that the disease burden
in late preterm infants is higher than in term infants [37, 38]. In a European
survey of 3474 infants hospitalized with LRTI [37], while overall LOS in hospital
was similar for 33-36 wGA and term infants (mean 11 vs. 9 days, respectively),
33.8% of the former were admitted to the ICU compared to only 14.1% of the
latter. The highest disease burden was found in <29 wGA infants (mean LOS
29 days; 54.3% ICU) followed by 29-32 wGA infants (mean 24 days; 48.8% ICU)
[37]. A retrospective US study [38], involving 215 term infants and 89 infants
<37 wGA, reported that 33-35 wGA infants had the highest rate of intubation
(38.7 vs. =32 wGA: 21.4% vs. 36 wGA: 20.0 vs. >37 wGA: 12.1%; p = 0.002) and
longest hospital LOS (mean 8.4 vs. 6.8 vs. 4.9 vs. 4.1 days; p < 0.0001) and ICU
LOS (mean 7.7 vs. 5.8 vs. 4.2 vs. 3.8 days; p = 0.021) compared with infants in
other GA groups.

As a consequence of RSVH, preterm infants may develop longer-term morbidi-
ties, such as recurrent wheezing [47-51]. In the SPRING study, a multicenter,
observational, nested, case—control study undertaken in Spain, 32-35 wGA infants
with RSVH (z = 125) had a significantly higher incidence of recurrent wheez-
ing through the first 6 years of life, independent of familial or childhood atopy,
compared to infants born at the same GA without RSVH (n = 362) (66.7 vs. 49.2%,
respectively; p = 0.001) [47]. While current wheezing rates remained higher
in cases than controls each year, the difference remained significant only until
3 years old. Allied to this, respiratory-related quality of life was significantly lower
in RSVH cases than controls (TAPQOL: 93.96 vs. 95.76, respectively; p = 0.001).
Hospital resource use through 6 years of life was also higher in RSVH cases than
controls (outpatient services: 84.0 vs. 66.3%, respectively, p < 0.001; emergency
care: 62.4 vs. 33.7%, p < 0.001). Further analysis revealed that RSVH was the single
most important factor for recurrent wheezing (OR: 4.40; p < 0.001) [47]. Similar
results have been reported in the Dutch RISK study [51]. At the 6-year follow-up of
this birth cohort of 2210 32-35 wGA infants, the current wheezing rate was 27.7%
for RSVH cases and 17.6% for non-hospitalized infants (OR: 1.8; 95% CI: 1.11-2.85).
RSVH was found to be an independent risk factor for current wheezing at 6 years
in children without atopic predisposition (OR: 4.1; 95% CI: 1.22-12.52) [51]. Other
studies have reported higher healthcare resource utilization (including emergency
department visits, outpatient visits, and hospitalizations) in late preterm infants
in the year following RSV LRTI compared to their counterparts without such an
infection [52, 53].
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3.5 How effective is palivizumab prophylaxis in late preterm infants?

Palivizumab has proven effective in late preterm infants, reducing the incidence
of RSVH by up to 82% in prospective, comparative studies (Table 2) [8, 10, 11,

39, 54]. A post-hoc analysis of the pivotal IMpact study, a randomized clinical trial
including 724 preterm infants, showed the effectiveness of palivizumab to be
similar in <29 wGA and 32-35 wGA infants (relative risk reduction: 80.4 vs. 82.1%,
respectively) [11]. The Spanish FLIP-2 study, which reported a 68.3% reduction in
RSVH with prophylaxis, found that not receiving palivizumab was an independent
risk factor for RSVH (OR: 0.25; 95% CI: 0.13-0.49) in 32-35 wGA infants [39].
Registry data have confirmed the efficacy of palivizumab, with the Palivizumab
Outcomes Registry from the US reporting RSVH rates of 0.2-1.6% in 32-35 wGA
infants across four RSV seasons (2000-2004) [55], compared to 10.1% in the pla-
cebo arm of the IMpact trial [11]. Similar results were seen in the Canadian Registry
of Palivizumab (CARESS) [56], with a RSVH incidence of 1.4% in 33-35 wGA
infants during the 2006-2011 RSV seasons, compared to 8.2% (untreated subjects)
in the IMpact study [11]. A propensity score weighted regression analysis based on
a prospective, international trial (z = 849), showed that palivizumab prophylaxis
significantly reduced RSVHs by 74.1% in 29-35 wGA infants, without comorbidi-
ties, aged <6 months [57].

Some studies have indicated that restricting palivizumab to <29 wGA infants
does not increase the overall RSVH rate in children <2 years, while saving money on
palivizumab prescriptions [58, 59]. A retrospective US study reported no differ-
ence in RSVH rates following introduction of the AAP 2014 policy (pre: 5.37/1000
vs. post: 5.78/1000; p = 0.622) [58]. Similar results were reported in Italy follow-
ing introduction of the same policy in 2016, with the RSVH rate being 6.3/1000
before implementation and 5.5/1000 afterwards [59]. Other studies, however, have
reported RSVH rates to have increased by up to 103% following implementation of
a more restrictive policy [60-63].

Several studies have indicated that, by preventing RSV infection, palivizumab
can reduce subsequent wheezing in premature children, including those born late
preterm [48, 54, 64-66]. In the MAKI study, a randomized, placebo-controlled trial
of palivizumab that included 429 infants born at 32-35 wGA, the proportion of
children with wheezing was reduced by 41.9% in the palivizumab group at 6 years
(11.6 vs. 19.9% for placebo) [48]. Similar results were seen in the Japanese CREW
study (n = 444; 349 received palivizumab <1 year), where recurrent wheezing was
significantly lower in palivizumab-treated, 33-35 wGA infants than chronologically
age-matched untreated infants (15.3 vs. 31.6%, respectively; p = 0.003) [65].

Study Number  Gestational RSVH incidence RRR

age group (%)
Palivizumab Untreated

Notario 2014 [11] 724 32-35 wGA 1.8% 10.1% 82.1%
33-35wGA 2.2% 8.2% 73.2%

MAKI study, Blanken 2013 [54] 429 33-35wGA 0.9% 5.1% 82.4%

FLIP-2 study, Figueras-Aloy 2008 5441 32-35wGA 1.3% 4.1% 68.3%

(39]

RRR: relative risk reduction; RSVH: Respiratory-syncytial-virus-velated hospitalization; wGA: weeks’ gestational age.

Table 2.
Prospective, comparative studies on the effectiveness of palivizumab prophylaxis in veducing RSVH in late
preterm infants.
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3.6 Can the use of risk factors target infants at highest risk for RSV infection and
improve the cost-effectiveness of prophylaxis in the late preterm population?

A key argument for restricting the use of palivizumab to <29 wGA infants is
cost-effectiveness. Late preterm infants represent approximately 85% of preterm
births [6], and it is unrealistic that prophylaxis of all these infants would ever be
cost-effective. For this reason, the use of risk factors, to identify infants at the
highest risk of RSVH, appears a pragmatic approach. There have been several
RSTs developed and validated, including those in Canada [17], Spain [18], and the
Netherlands [41]. Recently, a RST, involving 32-35 wGA infants, was published
using pooled, individual patient data (z = 13,475) from six prospective, observa-
tional studies across the Northern Hemisphere [16], which included Canada [40],
Italy [42], the Netherlands [41], Spain [39], the US [44], and a multinational cohort
comprising subjects from Europe, the Middle East, North America, and Asia [45].
The RST was externally validated against a further study from Ireland (z = 1078)
[43]. The RST includes three risk factors: birth 3 months before and 2 months
after the RSV season start date; smokers in the household and/or smoking during
pregnancy; and siblings (excluding multiples) and/or (planned) day-care (Figure 3)
[16]. Predictive accuracy was demonstrated to be good, with an area under the
receiver operating characteristic curve (AUROC) of 0.773, and sensitivity/specific-
ity of 68.9 and 73.0%, respectively. The RST provides cut-off scores for infants
at low- (<19; 1.0% RSVH rate), moderate- (20-45; 3.3%), and high-risk (50-56;
9.5%) for RSVH [16].

The cost-effectiveness of using the multinational RST has not been formally
assessed; however, economic evaluations have been undertaken on the use of other
RSTs or risk-factor based approaches to targeting prophylaxis in late preterm
33-35 wGA infants [19, 67, 68]. The Canadian RST, based on data from the PICNIC
study [40], included seven variables: small for GA (<10th percentile); male sex; born
early during the RSV season (November, December, January); family history with-
out eczema,; subject or siblings in daycare; >5 individuals in the home, including the
subject; and, >1 smoker in the household [17]. The AUROC was 0.762 and sensitivity
and specificity were 68.2 and 71.9%, respectively. The RST included cut-off scores
of 0-48, 49-64, and 65-100 for low-, moderate-, and high-risk infants, respectively

Score

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
N I I N Sy S I A

Running
score

Birth 3 months before
to 2 months after 0 1

season start L ]

Smokers in household
and / or smoking while 0 1 2
pregnant L | |

Siblings and / 0 1 2
or daycare | | J

Total

Figure 3.
Risk factor scoring tool for late preterm infants [16]. o = No/Not Present; 1 = Yes/Present for one risk factor;
2 = Yes/Present for both risk factors. Score—Low-visk: <19; Moderate-risk: 20—45; High-risk: 50—56.
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[17]. A cost-effective analysis from 2008, using a decision analytic model, reported
incremental cost-effectiveness ratios (ICERs) of CDN$179,699, CDN$34,215, and
CDN$5765 per quality-adjusted life year (QALY) for low-, moderate-, and high-risk
infants, respectively; the ICERs for moderate- and high-risk infants were consid-
ered cost-effective under the Canadian healthcare system (medications commonly
adopted with ICERs per QALY of CDN$50-75,000 at that time) [19]. The Dutch RST
was based on data from the RISK study and included four variables: family atopy;
birth Aug-14 to Dec-01; breastfeeding; and siblings or daycare attendance [41].

The AUROC was 0.703 and the cut-off score for low-risk was defined as <16 (3.5%
RSVH rate) and for high-risk as >16 (10.0% RSVH rate) [41]. Assuming all high-risk
infants would receive prophylaxis, a decision model analysis produced an ICER of
€214,748 per QALY, for moderately preterm infants 32-35 wGA, which was consid-
ered not cost-effective at a threshold of €80,000 per QALY [67]. Another analysis on
33-35 wGA infants, using data from the Spanish FLIP-2 study [39], assessed cost-
effectiveness based on infants having either 2 major risk factors and 2 minor risk
factors (group A), 2 major and 1 minor risk factors (B), or 2 major risk factors (C)
[68]. Major risk factors included chronological age < 10 weeks at the start of the RSV
season or being born during the first 10 weeks of the season, school-age siblings or
daycare attendance; whereas minor risk factors included maternal smoking during
pregnancy and male sex [69]. Again using a decision analytic model, the incremental
cost-utility ratio of €11,550.37, €14,177.18 and €13,937.61 per QALY gained for groups
A, B and C, respectively, were derived and were deemed all highly cost-effective
based on a threshold of €30,000 per QALY from both a National Health System and
societal perspective [68]. An Austrian analysis reported palivizumab prophylaxis

to be cost-effective in 33-35 wGA infants at €21,862 per QALY from the healthcare
system perspective, when administered to those <3 months of age with risk fac-

tors [70]. It is important to note that the Canadian, Spanish and Austrian analyses
modeled the effects of long-term respiratory morbidity, using life-time (Canadian
and Austrian) and 6-year time horizons (Spanish), while the Dutch study included
follow-up to only 1 year of age [19, 67, 68, 70]. This could, in part, account for the
differences in cost-effectiveness reported. It would be interesting to see the impact
on the ICERs if the increased rates of wheezing in children with a history of RSVH

at 6 years in the RISK study (27.7 vs. 17.6% for non-hospitalized) were incorporated
into the Dutch cost-effectiveness analysis. The ICERs reported from all three studies
reflect costs from the healthcare system or payer perspective; including the societal
impact of RSVH could potentially reduce the ICERs by 15-40% [19, 68]. The models
also do not include the impact of RSV in the community setting, which could reduce
the ICERs still further.

4. Conclusion

There is a sizable body of evidence demonstrating that late preterm infants
are at increased risk of RSVH, resulting in substantial morbidity, both in terms
of acute hospitalization and longer-term respiratory sequelae. While we await the
availability of a safe and effective vaccine or a newer monoclonal antibody with an
extended half-life, palivizumab remains the only proven therapy for reducing the
incidence of RSVH in late preterm infants, and may also reduce subsequent wheez-
ing. The use of RSTs and risk factors provides a mechanism to cost-effectively
target the most vulnerable of these infants to receive palivizumab. It is recom-
mended that countries adopt the multinational RST (Figure 3) and adapt this with
local data and cut-offs, as available, to meet country-specific requirements and
available funding.



The Burden of Respiratory Syncytial Virus Infection in the Young

Acknowledgements

This chapter is the independent views of the authors. No funding was received
for developing this chapter.
Conflict of interest

Xavier Carbonell-Estrany has acted as expert advisor and speaker for AbbVie
and has received honoraria for this. Bosco Paes has received research funding and
compensation as advisor and lecturer from AbbVie Corporation. Barry Rodgers-

Gray is an employee of Strategen; Strategen has received fees for work on various
projects for AbbVie. The authors have no other conflict of interest to declare.

Author details
Bosco Paes', Barry Rodgers-Gray” and Xavier Carbonell-Estrany’*

1 Neonatal Division, Department of Pediatrics, McMaster University, Hamilton,
Canada

2 Strategen Limited, Basingstoke, UK

3 Neonatology Service, Hospital Clinic, Institut d'Investigacions Biomediques
August Pi Suifier, Barcelona, Spain

*Address all correspondence to: carbonell@comb.cat

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

10



Resolving the Debate on RSV Prophylaxis in Late Preterm Infants

DOI: http://dx.doi.org/10.5772/intechopen.85073

References

[1] Shi T, McAllister DA, O’Brien KL,
Simoes EAF, Madhi SA, Gessner BD,
et al. Global, regional, and national
disease burden estimates of acute
lower respiratory infections due

to respiratory syncytial virus in
young children in 2015: A systematic
review and modelling study. Lancet.
2017;390:946-958. DOI: 10.1016/
S0140-6736(17)30938-8

[2] Hasegawa K, Tsugawa Y, Brown DF,
Mansbach JM, Camargo CA Jr. Trends
in bronchiolitis hospitalizations in the
United States, 2000-2009. Pediatrics.
2013;132:28-36. DOI: 10.1542/
peds.2012-3877

[3] Figueras-Aloy ], Manzoni P, Paes B,
Simées EA, Bont L, Checchia PA,

et al. Defining the risk and associated
morbidity and mortality of severe
respiratory syncytial virus infection
among preterm infants without
chronic lung disease or congenital
heart disease. Infectious Disease and
Therapy. 2016;5:417-452. DOI: 10.1007/
s40121-016-0130-1

[4] Resch B. Respiratory syncytial virus
infection in high-risk infants—An
update on palivizumab prophylaxis.
Open Microbiology Journal. 2014;11:
71-77. DOLI: 10.2174/1874285801408010071

[5] World Health Organization. Born
too soon: The global action report

on preterm birth [Internet]. 2012.
Available from: http://appswho.int/iris/
bitstream/10665/44864/1/
9789241503433_eng.pdffua=1
[Accessed: 2019-01-24]

[6] Martin JA, Hamilton BE, Osterman MJK,
Driscoll AK, Mathews TJ. Births: Final
data for 2015. National Vital Statistics
Reports. 2017;66:1-69

[71 Modjarrad K, Giersing B, Kaslow DC,

Smith PG, Moorthy VS, WHO RSV
vaccine consultation expert group.

11

WHO consultation on respiratory
syncytial virus vaccine development
report from a World Health
Organization meeting held on 23-24
March 2015. Vaccine. 2016;34:190-197.
DOI: 10.1016/jvaccine.2015.05.093

[8] Simoes EAF, Bont L, Manzoni P,
Fauroux B, Paes B, Figueras-Aloy ], et al.
Past, present and future approaches

to the prevention and treatment of
respiratory syncytial virus infection

in children. Infectious Disease and
Therapy. 2018;7:87-120. DOI: 10.1007/
s40121-018-0188-z

[9] Mazur NI, Martinon-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. The Lancet
Respiratory Medicine. 2015;3:888-900.
DOI: 10.1016/52213-2600(15) 00255-6

[10] The IMpact-RSV Study Group.
Palivizumab, a humanized respiratory
syncytial virus monoclonal antibody,
reduces hospitalization from respiratory
syncytial virus infection in high-risk
infants. Pediatrics. 1998;102:531-537

[11] Notario G, Vo P, Gooch K, Deaton R,
Wu X, Harris B. Respiratory syncytial
virus-related hospitalization

in premature infants without
bronchopulmonary dysplasia: Subgroup
efficacy analysis of the IMpact-RS V
trial by gestational age group. Pediatric
Health, Medicine and Therapeutics.
2014;5:43-48. DOI: 10.2147/PHMT.
S59572

[12] Robinson JL, Le Saux N, Canadian
Paediatric Society, Infectious Diseases
and Immunization Committee.
Preventing hospitalizations for
respiratory syncytial virus infection.
Paediatrics & Child Health.
2015;20:321-333. DOI: 10.1093/
pch/20.6.321



The Burden of Respiratory Syncytial Virus Infection in the Young

[13] American Academy of Pediatrics
Committee on Infectious Diseases,
American Academy of Pediatrics
Bronchiolitis Guidelines Committee.
Updated guidance for palivizumab
prophylaxis among infants and
young children at increased risk

of hospitalization for respiratory
syncytial virus infection. Pediatrics.
2014;134:415-420. DOI: 10.1542/
peds.2014-1665

[14] American Academy of Pediatrics
Committee on Infectious Diseases.
Updated guidance for palivizumab
prophylaxis among infants and
young children at increased risk

of hospitalization for respiratory
syncytial virus infection. Pediatrics.
2014;134:€620-e638. DOI: 10.1542/
peds.2014-1666

[15] Munoz FM, Ralston SL, Meissner HC.

RSV recommendations unchanged
after review of new data. AAP News.
2017;38:1-4

[16] Blanken MO, Bosco P, Anderson EJ,
Lanari M, Sheridan-Pereira M,

Buchan S, et al. Risk scoring tool to
predict respiratory syncytial virus
hospitalisation in premature infants.
Pediatric Pulmonology. 2018;53:
605-612. DOI: 10.1002/ppul.23960

[17] Sampalis JS, Langley J, Carbonell-
Estrany X, Paes B, O’Brien K, Allen U,
et al. Development and validation of a
risk scoring tool to predict respiratory
syncytial virus hospitalization in
premature infants born at 33 through 35
completed weeks of gestation. Medical
Decision Making. 2008;28:471-480.
DOI: 10.1177/0272989X08315238

[18] Simoes EA, Carbonell-Estrany X,
Fullarton JR, Liese JG, Figueras-Aloy ],
Doering G, et al. A predictive model
for respiratory syncytial virus

(RSV) hospitalisation of premature
infants born at 33-35 weeks of
gestational age, based on data from
the Spanish FLIP study. Respiratory

12

Research. 2008;(9):78. DOI:
10.1186/1465-9921-9-78

[19] Lanctot KL, Masoud ST, Paes BA,
Tarride JE, Chiu A, Hui C, et al. The
cost-effectiveness of palivizumab for
respiratory syncytial virus prophylaxis
in premature infants with a gestational
age of 32-35 weeks: A Canadianbased
analysis. Current Medical Research
and Opinion. 2008;24:3223-3237. DOI:
10.1185/03007990802484234

[20] Figueras Aloy J, Carbonell Estrany X,
Comité de Estandares de la SENeo.
Actualizacién de las recomendaciones
de la Sociedad Espafiola de Neonatologia
Para la utilizacién del palivizumab
Como profilaxis de las infecciones graves
por el virus respiratorio sincitial. Anales
de Pediatria. 2015;82:199¢1-199¢2

[21] Bollani L, Baraldi E, Chirico G,
Dotta A, Lanari M, Del Vecchio A, et al.
Revised recommendations concerning
palivizumab prophylaxis for respiratory
syncytial virus (RSV). Italian Journal
of Pediatrics. 2015;41:97. DOI: 10.1186/
s13052-015-0203-x

[22] Resch B. Respiratory syncytial virus
(RSV) prophylaxis: Summary of the
Austrian recommendations [German].
Padiatrie Pddologie. 2009;2:35-36

[23] Hall CB, Weinberg GA, Blumkin AK,
Edwards KM, Staat MA, Schultz AF,

et al. Respiratory syncytial virus-
associated hospitalizations among
children less than 24 months of age.
Pediatrics. 2013;132:e341-e348. DOI:
10.1542/peds.2013-0303

[24] Boyce TG, Mellen BG, Mitchel EF
Jr, Wright PF, Griffin MR. Rates of
hospitalization for respiratory syncytial
virus infection among children in
Medicaid. The Journal of Pediatrics.
2000;137:865-870. DOI: 10.1067/
mpd.2000.110531

[25] Stevens TP, Sinkin RA, Hall CB,
Maniscalco WM, McConnochie KM.



Resolving the Debate on RSV Prophylaxis in Late Preterm Infants

DOI: http://dx.doi.org/10.5772/intechopen.85073

Respiratory syncytial virus and premature
infants born at 32 weeks’ gestation or
earlier: Hospitalization and economic
implications of prophylaxis. Archives

of Pediatrics & Adolescent Medicine.
2000;154:55-61. DOI: 10-1001/pubs

[26] Slezinger Y. The Committee’s
Recommendations on Behalf of the
Israeli Association of Pediatrics of
Indications for Respiratory Syncytial
Virus Passive Immunization. Jerusalem:
Israeli Association of Pediatrics; 2014

[27] Sanchez-Luna M, Manzoni P, Paes B,
Baraldi E, Cossey V, Kugelmang A,

et al. Expert consensus on palivizumab
use for respiratory syncytial virus

in developed countries. Paediatric
Respiratory Reviews. DOI: 10.1016/j.
prrv.2018.12.001

[28] Gijtenbeek RG, Kerstjens JM,
Reijneveld SA, Duiverman EJ, Bos AF,
Vrijlandt EJ. RSV infection among
children born moderately preterm in

a community-based cohort. European
Journal of Pediatrics. 2015;174:435-442.
DOI: 10.1007/s00431-014-2415-2

[29] Helfrich AM, Nylund CM,

Eberly MD, Eide MB, Stagliano

DR. Healthy late-preterm infants
born 33-36 weeks gestational age have
higher risk for respiratory syncytial
virus hospitalization. Early Human
Development. 2015;91:541-546. DOI:
10.1016/j.earlhumdev.2015.06.009

[30] Haerskjold A, Kristensen K,
Kamper-Jorgensen M, Nybo Andersen
AM, Ravn H, Stensballe LG. Risk factors
for hospitalization for respiratory
syncytial virus infection: A population-
based cohort study of Danish children.
The Pediatric Infectious Disease
Journal. 2016;35:61-65. DOI: 10.1097/
INF.0000000000000924

[31] Cilla G, Sarasua A, Montes M,
Arostegui N, Vicente D, Perez-Yarza E,
et al. Risk factors for hospitalization due
to respiratory syncytial virus infection

13

among infants in the Basque Country,
Spain. Epidemiology and infection.
2006;134:506-513. DOI: 10.1017/
$0950268805005571

[32] Winterstein AG, Knox CA, Kubilis P,
Hampp C. Appropriateness of age
thresholds for respiratory syncytial
virus immunoprophylaxis in moderate-
preterm infants: A cohort study. JAMA
Pediatrics. 2013;167:1118-1124. DOI:
10.1001/jamapediatrics.2013.2636

[33] Simoes EA, Anderson EJ, Wu X,
Ambrose CS. Effects of chronologic age
and young child exposure on respiratory
syncytial virus disease among US
preterm infants born at 32 to 35 weeks
gestation. PLoS ONE. 2016;11:e0166226.
DOI: 10.1371/journal.pone.0166226

[34] McLaurin KK, Farr AM, Wade SW,
Diakun DR, Stewart DL. Respiratory
syncytial virus hospitalization outcomes
and costs of full-term and preterm infants.
Journal of Perinatology. 2016;36:990-996.
DOI:10.1038/jp.2016.113

[35] Anderson EJ, Carbonell-Estrany X,
Blanken M, Lanari M, Sheridan-Pereira
M, Rodgers-Gray B, et al. Burden of
severe respiratory syncytial virus
disease among 33-35 weeks' gestational
age infants born during multiple
respiratory syncytial virus seasons.

The Pediatric Infectious Disease
Journal. 2017;36:160-167. DOI: 10.1097/
INF.0000000000001377

[36] Anderson EJ, Krilov LR,
DeVincenzo JP, Checchia PA, Halasa N,
Simoes EA, et al. SENTINEL1: An
observational study of respiratory
syncytial virus hospitalizations

among U.S. infants born at 29 to 35
weeks' gestational age not receiving
immunoprophylaxis. American Journal
of Perinatology. 2017;34:51-61. DOLI:
10.1055/s-0036-1584147

[37] Van de Steen O, Miri F, Gunjaca M,
KlepacV, Gross B, Notario G, et al.
The burden of severe respiratory



The Burden of Respiratory Syncytial Virus Infection in the Young

syncytial virus disease among children
younger than 1 year in central and
Eastern Europe. Infectious Disease and
Therapy. 2016;5:125-137. DOI: 10.1007/
s40121-016-0109-y

[38] Horn SD, Smout R]J. Effect of
prematurity on respiratory syncytial
virus hospital resource use and
outcomes. The Journal of Pediatrics.
2003;143:S133-S141. DOI: 10.1067/
S0022-3476(03)00509-2

[39] Figueras-Aloy J, Carbonell-Estrany X,
Quero-Jimenez J, Fernandez-Colomer
B, Guzman-Cabanas J, Echaniz-Urcelay
I, et al. FLIP-2 study: Risk factors
linked to respiratory syncytial virus
infection requiring hospitalization in
premature infants born in Spain at a
gestational age of 32 to 35 weeks. The
Pediatric Infectious Disease Journal.
2008;27:788-793. DOI: 10.1097/
INF.0b013e3181710990

[40] Law BJ, Langley JM, Allen U, Paes B,
Lee DS, Mitchell M, et al. The Pediatric
investigators collaborative network on
infections in Canada study of predictors
of hospitalization for respiratory
syncytial virus infection for infants
born at 33 through 35 completed weeks
of gestation. The Pediatric Infectious
Disease Journal. 2004;23:806-814. DOI:
10.1097/01.inf.0000137568.71589.bd

[41] Blanken MO, Koffijberg H, Nibbelke EE,
Rovers MM, Bont L, Dutch RSV
Neonatal Network. Prospective
validation of a prognostic model for
respiratory syncytial virus bronchiolitis
in late preterm infants: A multicenter
birth cohort study. PLoS ONE.
2013;8:€59161. DOI: 10.1371/journal.
pone.0059161

[42] Lanari M, Prinelli F, Adorni F,

Di Santo S, Vandini S, Silvestri M,

et al. Risk factors for bronchiolitis
hospitalization during the first year of
life in a multicentre Italian birth cohort.
Italian Journal of Pediatrics. 2015;41:40.
DOI: 10.1186/s13052-015-0149-z

14

[43] Sheridan-Pereira M, Murphy J, Sloan
J, Crispino G, Leahy A, Corcoran JD,

et al. Respiratory syncytial virus
preterm (32-36 completed weeks

of gestation) risk estimation

measure for RSV hospitalization

in Ireland: A prospective study.

The Pediatric Infectious Disease

Journal. 2016;35:19-24. DOI: 10.1097/
INF.0000000000000918

[44] Ambrose CS, Anderson EJ, Simoes
EA, Wu X, Elhefni H, Park CL,

et al. Respiratory syncytial virus
disease in preterm infants in the U.S.
born at 32-35 weeks gestation not
receiving immunoprophylaxis. The
Pediatric Infectious Disease Journal.
2014;33:576-582. DOI: 10.1097/
INF.0000000000000219

[45] Stranak Z, Saliba E, Kosma P,
Posfay-Barbe K, Yunis K, Farstad T, et al.
Predictors of RSV LRTT hospitalization in
infants born at 33 to 35 weeks gestational
age: A large multinational study (PONI).
PLoS ONE. 2016;11:e0157446. DOLI:
10.1371/journal.pone.0157446

[46] De Vincenzo J. A multicenter
observational study of respiratory
syncytial virus hospitalizations
among US infants born at 29-35
weeks’ gestational age not receiving
immunoprophylaxis in 2014-2016.

In: Presented at Pediatric Academic
Societies (PAS) Annual Meeting; May
6-9, 2017; San Francisco, CA, Session
SFC-2004: Abstract #3560.8. 2017

[47] Carbonell-Estrany X, Perez-Yarza EG,
Garcia LS, Guzman Cabanas JM,

Boria EV, Atienza BB, et al. Long-

term burden and respiratory effects

of respiratory syncytial virus
hospitalization in preterm infants-

the SPRING study. PLoS ONE.
2015;10:e0125422. DOI: 10.1371/journal.
pone.0125422

[48] Scheltema NM, Nibbelke EE,
Pouw ], Blanken MO, Rovers MM,
Naaktgeboren CA, et al. Respiratory



Resolving the Debate on RSV Prophylaxis in Late Preterm Infants

DOI: http://dx.doi.org/10.5772/intechopen.85073

syncytial virus prevention and

asthma in healthy preterm infants: A
randomised controlled trial. The Lancet
Respiratory Medicine. 2018;6:257-264.
DOI: 10.1016/S2213-2600(18)30055-9

[49] Drysdale SB, Lo ], Prendergast M,
Alcazar M, Wilson T, Zuckerman M,
et al. Lung function of preterm infants
before and after viral infections.
European Journal of Pediatrics.
2014;173:1497-1504. DOI: 10.1007/
s00431-014-2343-1

[50] Greenough A, Broughton S. Chronic
manifestations of respiratory syncytial
virus infection in premature infants.
The Pediatric Infectious Disease Journal.
2005;24:5184-5187

[51] Korsten K, Blanken MO, Buiteman
BJM, Nibbelke EE, Naaktgeboren CA,
Bont L], et al. RSV hospitalization in
infancy increases the risk of current
wheeze at age 6 in late preterm born
children without atopic predisposition.
European Journal of Pediatrics.

[Epub ahead of print]. DOI: 10.1007/
s00431-018-03309-0

[52] Palmer L, Hall CB, Katkin JP, Shi N,
Masaquel AS, McLaurin KK, et al.
Respiratory outcomes, utilization and
costs 12 months following a respiratory
syncytial virus diagnosis among
commercially insured late-preterm
infants. Current Medical Research

and Opinion. 2011;27:403-412. DOL:
10.1185/03007995.2010.542744

[53] Sampalis JS. Morbidity and
mortality after RSV-associated
hospitalizations among premature
Canadian infants. The Journal of
Pediatrics. 2003;143:S150-S156. DOI:
10.1067/S0022-3476(03)00513-4

[54] Blanken MO, Rovers MM, Molenaar JM,
Winkler-Seinstra PL, Meijer A, Kimpen
JL, et al. Respiratory syncytial virus and
recurrent wheeze in healthy preterm
infants. The New England Journal of

15

Medicine. 2013;368:1791-1799. DOI:
10.1056/NEJMo0a1211917

[55] Frogel M, Nerwen C, Cohen A,
VanVeldhuisen P, Harrington M, Boron M,
et al. Prevention of hospitalization due
to respiratory syncytial virus: Results
from the palivizumab outcomes registry.
Journal of Perinatology. 2008;28:511-517.
DOI: 10.1038/jp.2008.28

[56] Paes B, Mitchell I, Li A, Lanctot KL,
CARESS investigators. A comparative
study of respiratory syncytial virus
(RSV) prophylaxis in premature
infants within the Canadian registry

of palivizumab (CARESS). European
Journal of Clinical Microbiology &
Infectious Diseases. 2012;31:2703-2711.
DOI: 10.1007/s10096-012-1617-7

[57]1 Anderson EJ, Carosone-Link P,
Yogev R, Yi ], Simoes EAF. Effectiveness
of palivizumab in high-risk infants

and children: A propensity score
weighted regression analysis. The
Pediatric Infectious Disease Journal.
2017;36:699-704. DOI: 10.1097/
INF.0000000000001533

[58] Grindeland CJ, Mauriello CT,
Leedahl DD, Richter LM, Meyer AC.
Association between updated guideline-
based palivizumab administration

and hospitalizations for respiratory
syncytial virus infections. The

Pediatric Infectious Disease Journal.
2016;35:728-732. DOI: 10.1097/
INF.0000000000001150

[59] Belleudi V, Trotta F, Pinnarelli L,
Davoli M, Addis A. Neonatal outcomes
following new reimbursement
limitations on palivizumab in Italy.
Archives of Disease in Childhood.
2018;103(12):1163-1167. DOI: 10.1136/
archdischild-2018-315349

[60] Rajah B, Sanchez PJ, Garcia-
Maurino C, Leber A, Ramilo O, Mejias A.
Impact of the updated guidance for
palivizumab prophylaxis against
respiratory syncytial virus infection: A



The Burden of Respiratory Syncytial Virus Infection in the Young

single center experience. The Journal of
Pediatrics. 2017;181:183e1-188el1. DOI:
10.1016/jjpeds.2016.10.074

[61] Kong AM, Krilov LR, Fergie ],
Goldstein M, Diakun D, Wade SW, et al.
The 2014-2015 National Impact of the
2014 American Academy of Pediatrics
guidance for respiratory syncytial virus
Immunoprophylaxis on preterm infants
born in the United States. American
Journal of Perinatology. 2018;35:
192-200. DOI: 10.1055/s-0037-1606352

[62] Capizzi A, Silvestri M, Orsi A,
Cutrera R, Rossi GA, Sacco O. The
impact of the recent AAP changes

in palivizumab authorization on
RSV-induced bronchiolitis severity
and incidence. Italian Journal of
Pediatrics. 2017;43:71. DOI: 10.1186/
s13052-017-0390-8

[63] Blake SM, Tanaka D, Bendz LM,
Staebler S, Brandon D. Evaluation

of the financial and health burden

of infants at risk for respiratory
syncytial virus. Advances in Neonatal
Care. 2017;17:292-298. DOI: 10.1097/
ANC.0000000000000367

[64] Yoshihara S, Kusuda S, Mochizuki H,
Okada K, Nishima S, Simoes EA, et al.
Effect of palivizumab prophylaxis

on subsequent recurrent wheezing

in preterm infants. Pediatrics.
2013;132:811-818. DOI: 10.1542/
peds.2013-0982

[65] Mochizuki H, Kusuda S, Okada K,
Yoshihara S, Furuya H, Simoes EAF,
et al. Palivizumab prophylaxis in
preterm infants and subsequent
recurrent wheezing. Six-year
follow-up study. American Journal

of Respiratory and Critical Care

Medicine. 2017;196:29-38. DOI: 10.1164/

rccm.201609-18120C

[66] Simoes EA, Groothuis JR,
Carbonell-Estrany X, Rieger CH,
Mitchell I, Fredrick LM, et al.
Palivizumab prophylaxis, respiratory

16

syncytial virus, and subsequent
recurrent wheezing. The Journal
of Pediatrics. 2007;151:34-42. DOI:
10.1016/j.jpeds.2007.02.032

[67] Blanken MO, Frederix GW,
Nibbelke EE, Koffijberg H,

Sanders EAM, Rovers MM, et al.
Cost-effectiveness of rule-based
immunoprophylaxis against respiratory
syncytial virus infections in preterm
infants. European Journal of Pediatrics.
2018;177:133-144. DOI: 10.1007/
s00431-017-3046-1

[68] Sanchez-Luna M, Burgos-Pol R,
Oyagtiez I, Figueras-Aloy ], Sanchez-
Solis M, Martinon-Torres F, et al.
Cost-utility analysis of palivizumab for
respiratory syncytial virus infection
prophylaxis in preterm infants: Update
based on the clinical evidence in Spain.
BMC Infectious Diseases. 2017;17:687.
DOI: 10.1186/512879-017-2803-0

[69] Figueras-Aloy ], Carbonell-Estrany X,
Quero-Jiménez J, Fernandez-Colomer B,
Guzman-Cabafias ], Echaniz-Urcelay I,
et al. Efectividad del palivizumab en

la prevencidon de la infeccién por virus
respiratorio sincitial en prematuros

de 32.1 a 35.0 semanas de gestaciéon

en Espafia. Acta Pedidtrica Espafiola.
2010;68:13-18

[70] Resch B, Sommer C, Nuijten MJ,
Seidinger S, Walter E, SchoellbauerV,
et al. Cost effectiveness of palivizumab
for respiratory syncytial virus infection
in high-risk children, based on long-
term epidemiologic data from Austria.
The Pediatric Infectious Disease
Journal. 2012;31:e1-e8. DOI: 10.1097/
INF.0b013e318235455b



