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ABSTRACT

The American Academy of Pediatrics (AAP)
Committee on Infectious Diseases (COID) peri-
odically publishes recommendations for respi-
ratory syncytial virus (RSV)
immunoprophylaxis (IP) use in pediatric
patients considered to be at highest risk for
severe RSV infection. In 2014, for the first time,
the AAP COID stopped recommending the use
of RSV IP for otherwise healthy infants born at
29 weeks’ gestational age (wGA) or later, stating
that RSV hospitalization (RSVH) rates in this
population are similar to those of term infants.

Subsequently, epidemiological studies in the US
at national and regional levels provided evi-
dence of the impact of the policy change in
29–34 wGA infants. The results of these studies
demonstrated a significant decrease in IP use
after 2014 that was associated with an increased
rate of RSVH in 29–34 wGA infants and an
increase in morbidities. RSVH-related morbidi-
ties included pediatric intensive care unit (ICU)
admissions, an increased need for mechanical
ventilation, and an increase in the length of
stay. After the change in recommendations, the
costs of RSVH also rose among 29–34 wGA
infants. The severity of the illness and expenses
associated with RSVH were generally higher
among 29–34 wGA infants of younger chrono-
logic age compared with older preterm infants.
Overall, these studies underscore that
29–34 wGA infants continue to be a high-risk
pediatric population that could benefit from the
protection provided by RSV IP. On the basis of
these data, in 2018, the National Perinatal
Association developed guidelines that recom-
mended RSV IP for all B 32 wGA infants and
32–35 wGA infants with additional risk factors.
Re-evaluation of the AAP COID policy is war-
ranted in light of these observations.
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Key Summary Points

In the US, risk of hospitalization for
respiratory syncytial virus (RSV) in
29–34 weeks’ gestational age (wGA)
infants increased following the American
Academy of Pediatrics (AAP) 2014 policy
change regarding RSV
immunoprophylaxis (IP) with
palivizumab.

RSVH-related morbidities, including the
need for intensive care unit admission and
mechanical ventilation, length of stay,
and costs associated with RSVH, also
increased among 29–34 wGA infants after
the 2014 policy change.

Both the severity parameters and cost of
RSVH were generally higher among
29–34 wGA infants of younger
chronologic age compared with older
preterm infants, indicating a need for
careful re-evaluation of the AAP policy for
RSV IP use.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13326560.

INTRODUCTION

Respiratory syncytial virus (RSV) infection con-
tinues to be a substantial socioeconomic burden
among specific high-risk infants and children
[1, 2]. Treatment of RSV disease is primarily
supportive, and efforts to develop a safe and
effective vaccine have been unsuccessful to date
[2]. Palivizumab is the only Food and Drug

Administration (FDA)-approved immunopro-
phylaxis (IP) available for the prevention of
severe RSV infection among high-risk pediatric
groups, including infants born prematurely
(B 35 weeks’ gestational age [wGA]), children
with chronic lung disease, and children with
hemodynamically significant congenital heart
disease [2, 3]. The American Academy of Pedi-
atrics (AAP) Committee on Infectious Diseases
(COID) has narrowed its recommendations for
RSV IP use in the high-risk pediatric population
since the approval of palivizumab in 1998 [4].
The 2012 AAP COID stated that all \ 32 wGA
infants and 32 to\35 wGA infants with at least
one additional risk factor (childcare attendance
or living with one or more siblings aged
\ 5 years) would benefit from RSV IP use.
Additional preventive measures, especially for
high-risk infants, include avoidance of tobacco
smoke exposure and crowded places, good hand
hygiene, and breastfeeding [5]. In 2014, the AAP
stopped recommending RSV IP for otherwise
healthy infants born at 29 wGA or later and
claimed that there were similar rates of RSV
hospitalization (RSVH) in this population and
infants born at term [6, 7]. Subsequent studies
conducted after the 2014 policy demonstrated a
significant decline in RSV IP use after 2014 and
an increase in the risk of RSVH in 29–34 wGA
infants compared with term infants [4, 8–10].
Since 2014, national and regional studies have
also assessed the impact of the policy change on
RSV disease severity and costs in 29–34 wGA
infants.

In 2015, McLaurin et al. modeled the
potential impact of the 2014 AAP policy on RSV
disease outcomes in 29–34 wGA infants
(N = 123,687) with 2012 natality data. Using an
eight-step model, the authors predicted that the
2014 AAP policy change could increase
RSV disease burden, resulting in an additional
1162 intensive care unit (ICU) admissions and
use of mechanical ventilation (MV) in an addi-
tional 584 infants and increasing hospital
length of stay (LOS) by 24,440 days compared
with the 2012 policy [11]. This article will dis-
cuss experiential evidence in the US that has
analyzed the severity and costs associated with
RSVH among 29–34 wGA infants after the 2014
AAP policy change (Table 1). Although the AAP
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policy may be adapted by countries around the
world, the current article is aimed at discussing
the implications of the policy change in the US
only. The effects of the policy change in the US
may be unique compared with the rest of the
world, where scope of practice and clinical
experience may differ. Indeed, in many
resource-poor countries, there is significant
morbidity and increased mortality from RSV
[12, 13]. Furthermore, generalization is difficult
because of differences in the pricing of RSV IP,
insurance coverage, and medical practice
between countries. Therefore, the discussion of
the guidelines and policies followed in coun-
tries outside the US and their implications are

beyond the scope of this review. This article is
based on previously conducted studies and does
not contain any studies with human partici-
pants or animals performed by any of the
authors.

CHARACTERIZATION OF RSV
DISEASE SEVERITY AND HOSPITAL
CHARGES IN 29–35WGA INFANTS
WHO DID NOT RECEIVE RSV IP

In the two-season SENTINEL1 study, Anderson
et al. characterized the severity of RSVH in high-

Table 1 Summary of evidence-based studies in the US since 2014 on RSV severity and costs

Study RSV seasons Age group Key outcomes

National studies

Anderson et al.

(SENTINEL1)

[1]

2014–2016 29–35 wGA

Aged\ 12 months

Majority of RSVH in 29–35 wGA infants aged\ 6 months

required ICU admission (84%) and IMV use (91%); duration

of stay in the hospital, ICU admissions, and hospital charges

were higher among infants of earlier gestational age and

younger chronologic age

Goldstein et al.

[8]

2012–2014

vs.

2014–2016

29–34 wGA

Aged\ 6 months

The highest increase in hospital costs after 2014 was observed in

29–34 wGA infants aged\ 3 months vs. term infants

Krilov et al. [4] 2011–2014

vs.

2014–2017

29–34 wGA

Aged\ 6 months

Mean LOS for RSVH (P = 0.028), ICU admissions

(P = 0.006), MV use (P = 0.073), and mean RSVH costs

(P = 0.089) increased in 2014–2017 vs. 2011–2014 among

29–34 wGA infants

Regional studies

Rajah et al. [10] 2013–2014

vs.

2014–2015

29–34 wGA

Aged\ 12 months

The proportion of ICU admissions (P = 0.04), MV use

(P = 0.04), and LOS in the hospital (P = 0.04) increased in

29–34 wGA infants aged\ 3 months; hospital charges

increased for all analyzed infants (P\ 0.05)

Zembles et al.

[15]

2012–2014

vs.

2014–2017

29–34 wGA

Aged\ 12 months

No change was observed in the proportion of ICU admissions

or MV use. Median LOS of RSVH increased after 2014

(P = 0.02)

ICU intensive care unit, IMV invasive mechanical ventilation, LOS length of stay, MV mechanical ventilation, RSV
respiratory syncytial virus, RSVH respiratory syncytial virus hospitalization, wGA weeks’ gestational age
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risk 29–35 wGA infants who did not receive RSV
IP. This large, prospective and retrospective,
observational study included data from 46 US
sites, the majority of which were children’s
hospitals and/or academic institutions, for the
2014–2015 and 2015–2016 RSV seasons [1, 14].
A total of 1378 infants with community-
acquired RSV disease were analyzed. The pro-
portion of 29–35 wGA infants aged\6 months
requiring hospitalization, ICU admission, and
invasive mechanical ventilation (IMV) was
78%, 84%, and 91%, respectively. Among
infants born at 29–35 wGA with RSVH, 45%
(n = 610) were admitted to the ICU (Fig. 1a) and
19% (n = 265) required IMV (Fig. 1b). LOS in
the hospital was higher among infants of earlier
gestational age and younger chronologic age.
Mean hospital LOS among infants born at
29–32 wGA, 33–34 wGA, and 35 wGA during
the two combined seasons was 10, 9, and 7 days,
respectively. The study also demonstrated that
the rates of ICU admissions and IMV use were
higher among infants of earlier gestational age
and younger chronologic age. In addition,
hospital charges increased as gestational age
and chronologic age decreased, and the mean
hospital charges were highest for 29–32 wGA
infants aged\ 3 months ($122,301). Estimates
of mean hospital charges stratified on the basis
of gestational age and chronologic age for
29–35 wGA infants in the combined 2014–2016
seasons are shown in Fig. 1c [1]. SENTINEL1
provided a detailed characterization of the
substantial morbidity and costs associated with
RSVH in high-risk populations not receiving
RSV IP that lie outside of the AAP policy [1].

IMPACT OF 2014 AAP POLICY
CHANGE ON RSV DISEASE SEVERITY
IN 29–34WGA INFANTS

Evidence from large databases and regional
studies showed the impact of the AAP 2014
policy change among infants aged\6 months.
In a recent retrospective observational study,
Krilov et al. used medical and pharmacy claims
from the Optum Research Database to compare
the severity of RSVH in commercially insured
29–34 wGA infants (n = 12,558) and term

infants (n = 323,216) during 2011–2014 and
2014–2017 RSV seasons. Following the 2014
AAP policy change, there was a significant
decrease in RSV IP use in 29–34 wGA infants of
all gestational age groups (P\0.001) that was
associated with a significant increase in RSVH
risk in 29–34 wGA infants vs. term infants
(P = 0.011). Hospitalization rates for term
infants remained constant during the RSV sea-
sons studied. Additionally, the mean LOS for
RSVH increased significantly in 2014–2017
(7.8 days) vs. 2011–2014 (4.7 days; P = 0.028).
Similarly, the proportion of ICU admissions was
higher in 2014–2017 vs. 2011–2014 for
29–34 wGA infants (48.8% vs. 26.6%, respec-
tively; P = 0.006) (Fig. 2a). However, there was
no significant change in mean LOS or ICU
admissions before vs. after 2014 among term
infants. The use of MV was also higher in
2014–2017 vs. 2011–2014 in 29–34 wGA infants
(15.9% vs. 6.3%, respectively; P = 0.073); how-
ever, this was not statistically significant
(Fig. 2b). In general, RSV disease was more sev-
ere among 29–34 wGA infants of younger
chronologic age (\3 months) [4].

A few regional studies have assessed the
impact of the policy change on the severity of
illness parameters of RSVH since 2014. In a
single-center study at Nationwide Children’s
Hospital, Rajah et al. analyzed 1063 cases of
RSVH and reported a significant decrease in RSV
IP use after 2014 (P\ 0.001) and an associated
increase in RSVH in 29–34 wGA infants aged
\ 6 months (P = 0.01). Compared with the
2013–2014 RSV season, the proportion of ICU
admissions (30.0% [n = 3] vs. 68.4% [n = 13];
P = 0.04), use of MV (10.0% [n = 1] vs. 52.6%
[n = 10]; P = 0.04), and LOS of RSVH (1.8 days
vs. 8.8 days; P = 0.04) increased significantly in
2014–2015 among 29–34 wGA infants aged
\3 months [10].

In another recent study, Zembles et al.
assessed RSVH outcomes from 2012 to 2017 in
29–34 wGA infants aged \ 1 year (n = 91).
Although the authors did not observe a signifi-
cant year-to-year increase in RSVH during the
three subsequent RSV seasons after 2014, the
combined proportion of RSVH in 2014–2017
was significantly higher (17.2%) than it had
been in 2012–2014 (9.2%; P = 0.0047;
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unpublished data). Comparative analysis of RSV
disease severity with the small number of RSVH
that occurred in 2014–2017 (n = 61) and

2012–2014 (n = 30) did not reveal any signifi-
cant difference in the proportion of ICU
admissions or MV use. However, the median

Fig. 1 Severity (a, b) and hospital charges (c) associated
with RSVH among 29–35 wGA infants who did not
receive RSV IP [1]. CA chronologic age, ICU intensive
care unit, IMV invasive mechanical ventilation, IP
immunoprophylaxis, RSV respiratory syncytial virus,

RSVH respiratory syncytial virus hospitalization, USD
US dollars, wGA weeks’ gestational age. Republished with
permission of Am J Perinatol, from Anderson EJ, et al., 37,
4 � 2019; permission conveyed through Copyright
Clearance Center, Inc.

Fig. 2 RSV disease severity increased after 2014 in
29–34 wGA infants who did not receive RSV IP [4].
ICU intensive care unit, IP immunoprophylaxis, MV
mechanical ventilation, RSV respiratory syncytial

virus, wGA weeks’ gestational age. Republished with
permission of Am J Perinatol, from Krilov LR, et al., 37,
2 � 2019; permission conveyed through Copyright
Clearance Center, Inc.
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LOS of RSVH increased by 2 days in 2014–2017
vs. 2012–2014 (7.86 days vs. 5.86 days, respec-
tively; P = 0.02) [15].

Overall, after the AAP stopped recommend-
ing RSV IP use among 29–34 wGA infants in
2014, these epidemiological studies indicate
that the severity of RSV illness increased for this
patient population [4, 10].

IMPACT OF AAP POLICY CHANGE
ON RSV HOSPITALIZATION COSTS
AFTER 2014 IN 29–34WGA
INFANTS

RSVH occurring in high-risk infants often
requires ICU admission and MV, adding to the
economic burden associated with RSV disease
[1]. Several studies have assessed the difference
in hospital expenditures associated with RSVH
in 29–34 wGA infants before and after the pol-
icy change. Goldstein et al. reported that
29–34 wGA infants incurred higher average
RSVH costs (costs adjusted to 2016 US dollars
[USD]) than term infants in all RSV seasons
between 2012 and 2016. In general, RSVH costs
increased in 2014–2016 vs. 2012–2014, and the
highest expenses were common among
29–34 wGA infants compared with term infants.
In 2014–2016, mean RSVH costs for 29–34 wGA
infants aged\3 months were more than double
those of term infants (commercially insured,
$41,104 vs. $17,597; Medicaid-insured, $24,049
vs. $10,897) [8].

Krilov et al. reported that mean RSVH costs
(costs adjusted to 2015 USD) for 29–34 wGA
infants aged \ 6 months increased from
$17,157 in 2011–2014 to $41,363 in 2014–2017,
although this increase was not significant
(P = 0.089). However, increases in RSVH costs
were minimal among term infants ($14,674 in
2011–2014 to $16,337 in 2014–2017; P = 0.148;
Fig. 3) [4]. Both of these studies demonstrated
that hospital costs were generally higher for
infants of younger chronologic age (aged
\ 3 months), corroborating the findings of
SENTINEL1 and confirming that RSV illness
severity was as much of a concern as it had been
at the time that SENTINEL1 was reported [4, 8].

Rajah et al. observed that hospital expendi-
tures for 29–34 wGA infants requiring RSVH
increased after 2014. Median hospital charges
associated with RSVH were higher in 2014–2015
vs. 2013–2014 for all analyzed infants ($31,339
vs. $19,947; P = 0.02) [10]. Collectively, these
studies underscore the high economic burden
associated with RSVH in 29–34 wGA infants
that further increased after the policy change.

CONCLUSIONS

RSV disease continues to be a substantial social
and economic concern with high morbidity and
costs associated with RSVH in high-risk infants,
especially 29–34 wGA infants [1]. As correctly
predicted by McLaurin et al., national and
regional cohorts have shown that RSVH out-
comes such as ICU admission, need for MV, and
LOS have increased among 29–34 wGA infants
in the RSV seasons following the 2014 AAP
policy change [4, 8, 10, 11]. In 2018, the
National Perinatal Association (NPA) published
clinical practice guidelines recommending RSV
IP use in 29–35 wGA infants based on the evi-
dence demonstrating an increase in RSVH and
morbidity among these high-risk patients [16].
Nevertheless, in 2019, the AAP COID reaffirmed
the 2014 policy change for RSV IP [17]. We

Fig. 3 Costs associated with RSVH were higher for
29–34 wGA infants than for term infants after the 2014
policy change [4]. RSV respiratory syncytial virus, RSVH
respiratory syncytial virus hospitalization, USD US dol-
lars, wGA weeks’ gestational age. Republished with per-
mission of Am J Perinatol, from Krilov LR, et al., 37, 2 �
2019; permission conveyed through Copyright Clearance
Center, Inc.
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believe that the new evidence warrants a re-
evaluation of the AAP COID policy.
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