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Objective The objective of this study was to compare risk for respiratory syncytial
virus (RSV) hospitalizations (RSVH) for preterm infants 29 to 34 weeks gestational age
(wGA) versus term infants before and after 2014 guidance changes for immunoprophylaxis (IP), using data from the 2012 to 2016 RSV seasons.
Study Design Using commercial and Medicaid claims databases, infants born between
July 1, 2011 and June 30, 2016 were categorized as preterm or term. RSVH during the RSV
season (November–March) were identiﬁed for infants aged <6 months and rate ratios (RRs)
for hospitalization comparing preterm and term infants were calculated. Difference-indifference models were ﬁt to evaluate the changes in hospitalization risks in preterm versus
term infants from 2012 to 2014 seasons to 2014 to 2016 seasons.
Results In all seasons, preterm infants had higher RSVH rates than term infants.
Seasonal RRs prior to the guidance change for preterm wGA categories versus term
infants ranged from 1.6 to 3.4. After the guidance change, the seasonal RRs ranged
from 2.6 to 5.6. In 2014 to 2016, the risk associated with prematurity of 29 to 34 wGA
versus term was signiﬁcantly higher than in 2012 to 2014 (P<0.0001 for commercial
and Medicaid samples).
Conclusion In infants aged <6 months, the risk for RSVH for infants 29 to 34 wGA
compared with term infants increased signiﬁcantly after the RSV IP recommendations
became more restrictive.

Every year in the United States, an estimated 132,000 to
172,000 respiratory syncytial virus (RSV)-associated hospitalizations occur in children aged <5 years.1 Those at greatest

risk for severe RSV disease, including bronchiolitis and
pneumonia, are preterm infants, infants aged <6 months,
and infants with other health conditions, such as chronic
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lung disease (CLD) of prematurity (CLDP), congenital heart
disease (CHD), and immunodeﬁciencies.2–7 Preterm infants
are vulnerable to RSV infection because of small lung
volumes and narrow airway diameters as well as an immature immune system when compared with term infants.8–11
Although no treatment for severe RSV disease exists, the
risk of severe disease can be lowered with palivizumab
immunoprophylaxis (IP).12 Palivizumab, a monoclonal antibody, is approved for the prevention of severe RSV infection
in children with bronchopulmonary dysplasia (BPD)/CLD,
children with hemodynamically signiﬁcant CHD, and children born at 35 weeks gestational age (wGA).12
In the United States, the American Academy of Pediatrics
(AAP) Committee on Infectious Diseases (COID) issues
guidance on the use of RSV IP that is updated periodically.
In 2009 through 2013, the AAP recommended the use of
RSV IP in the following groups based on prematurity:
infants born at 28 wGA and aged <12 months at the start
of the RSV season, infants born at 29 to 31 wGA and aged <6
months at the start of the RSV season, and infants born at 32
to 34 wGA and aged <3 months at the start of the RSV
season who attended day care and/or had school-aged
siblings.13 In 2014, the guidance was modiﬁed to recommend against the use of RSV IP in infants born at 29 to 34
wGA unless the infant had an underlying health condition,
including BPD/CLD or CHD.14
Several studies have assessed the impact of the guidance
change on RSV IP rates or on RSV hospitalization rates.15–20 A
decrease in RSV IP was demonstrated in a large analysis,20
and most studies of RSV hospitalizations have found
increased RSV morbidity in the season after the guidance
change, particularly among infants aged <3 months.15–17,20
To date, published research on the impact of the AAP
guidance change has been focused on the 2014–2015 RSV
season. More recent trends, including the 2015–2016 RSV
season, have not yet been described in large, geographically
broad populations of infants with either commercial or
public insurance coverage.
The primary objectives of this study were to compare (1)
the proportion of infants receiving RSV IP and (2) RSV
hospitalization rates in infants 29 to 34 wGA relative to
term infants in the two RSV seasons after the guidance
change (2014–2015 and 2015–2016) to the two RSV seasons
preceding the guidance change (2012–2013 and 2013–2014)
among infants aged <6 months. Two seasons were combined
to minimize the impact of seasonal variability in RSV circulation and attack rates. A secondary objective was to describe
RSV hospitalization costs for preterm and term infants before
and after the guidance change.

Methods
Data Sources
This analysis was conducted using the Truven Health MarketScan Commercial and Multi-State Medicaid databases. These
databases have been used in several previous RSV analyses.20–25 Both databases contain enrollment information,
inpatient medical, outpatient medical, and outpatient pharAmerican Journal of Perinatology
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macy claims. The commercial database includes enrollees
from self-insured employers and commercial health plans,
and the Medicaid database includes enrollees from several
geographically diverse states. The data were previously
collected and statistically deidentiﬁed, and are compliant
with the conditions set forth in Sections 164.514(a)-(b)(1)ii
of the Health Insurance Portability and Accountability Act of
1996 Privacy Rule; therefore, approval from an Institutional
Review Board was not sought.

Patient Selection
Using International Classiﬁcation of Diseases, Ninth Revision, Clinical Modiﬁcation (ICD-9-CM) and International
Classiﬁcation of Diseases, Tenth Revision, Clinical Modiﬁcation (ICD-10-CM) diagnosis codes and Diagnosis-Related
Group (DRG) codes on inpatient claims, we selected infants
born from July 1, 2011, through June 30, 2016, in both
databases. Infants were required to have been discharged
alive from their birth hospitalization. Next, infants were
classiﬁed into risk cohorts using diagnoses, DRGs, procedures, and medications appearing in their medical and
pharmacy claims during the ﬁrst 90 days of life. To ensure
mutually exclusive cohorts, we applied the following hierarchy when categorizing the infants: (1) infants with complex, rare medical conditions (e.g., infants with evidence of
cystic ﬁbrosis, immunodeﬁciency, congenital anomalies of
the respiratory system, neuromuscular, immunological or
genetic conditions, or organ transplants), (2) infants with
CLDP, (3) infants with CHD, (4) infants born at <29 wGA, (5)
infants born at 29 to 30 wGA, (6) infants born at 31 to 32
wGA, (7) infants born at 33 to 34 wGA, (8) infants born at 35
to 36 wGA, (9) infants born at >36 wGA (term) with major
health problems, (10) infants born at >36 wGA without
major health problems, (11) other preterm infants with
unknown wGA, and (12) other infants with unknown
wGA.20
In this study, we analyzed preterm infants born at 29 to 34
wGA—the group affected by the 2014 change in RSV IP
guidance—and term infants without major health problems,
who were not affected by the guidance change. Infants in
other cohorts were excluded.

Infant Follow-up
Infants were followed from birth through the earliest of the
following events: end of the ﬁrst 6 months of life, death, or
end of continuous enrollment in the database. Infant persontime was captured overall and by groups based on chronological age (i.e., aged <3 and 3–<6 months) at any point
during the RSV season. The total number of days that an
infant contributed during the RSV season was divided by
151 days (the number of days during the RSV season) to
present follow-up as infant-seasons. As infants were followed for up to 6 months, they may have contributed time
to more than one chronological age group for certain outcomes, but could contribute to only one RSV season for the
primary outcomes. An infant may have contributed to two
time periods for the secondary outcome of RSV hospitalization costs.

RSV Hospitalizations among U.S. Preterm Infants Compared with Term Infants
Outcomes
The primary outcomes were RSV IP utilization and risk of RSV
hospitalizations occurring from November to March (the RSV
season) in the 2012–2013, 2013–2014, 2014–2015, and 2015–
2016 RSV seasons. For the primary analysis, outcomes were
assessed over multiple seasons combined (2012 to 2014 and
2014 to 2016). RSV IP was identiﬁed in outpatient medical and
pharmacy claims by drug codes (NDC) or administration codes
(current procedural terminology or Healthcare Common Procedure Coding System). Inpatient doses could not be captured
in these databases. RSV hospitalizations were identiﬁed by
evaluating inpatient claims for an ICD-9-CM (079.6, 466.11,
480.1) or ICD-10-CM diagnosis (B974, J205, J121, J210) indicating RSV in any position on the claim. Hospitalizations
occurring <2 days after birth hospitalization discharge were
not analyzed to limit misclassiﬁcation of transfers and readmissions from birth hospitalizations.
All-cause bronchiolitis hospitalizations were also captured during the RSV seasons to assess the broader potential
absolute effects of a guidance change and to determine if
changes in RSV hospitalization rates may have been due to
changes in coding on claims. All-cause bronchiolitis hospitalizations comprised hospitalizations with a diagnosis of
RSV bronchiolitis and unspeciﬁed bronchiolitis. Unspeciﬁed
bronchiolitis hospitalizations were identiﬁed by diagnosis of
ICD-9-CM 466.19 or ICD-10-CM J211, J218, J219 and no
diagnoses of inﬂuenza, bacterial pneumonia, or other viral
pathogens within 3 days of admission. Again, hospitalizations occurring <2 days after birth hospitalization discharge
were not included in this analysis.
For the secondary objective, RSV hospitalization costs
were captured for all RSV hospitalizations from July 1,
2012, through June 30, 2016, to include all RSV hospitalization-related costs. Costs were based on the paid amount on
the identiﬁed inpatient claims, which included insurer-paid
and patient out-of-pocket costs and were adjusted to
2016 U.S. dollars.

Statistical Analyses
RSV IP utilization was reported as the count and proportion of
infants with at least one outpatient claim for RSV IP during
follow-up. Both the absolute and the percentage decrease from
the 2012 to 2014 RSV seasons to the 2014 to 2016 RSV seasons
were calculated. The proportions of infants with RSV IP in the
two time periods were compared using chi-squared tests.
RSV hospitalization rates were calculated as the number
of RSV hospitalizations per 100 infant-seasons. All-cause
bronchiolitis hospitalization rates were calculated in the
same manner. To investigate the additional RSV and all-cause
bronchiolitis hospitalization risks due to preterm birth after
the change in palivizumab recommendations compared with
prior years, we ﬁrst calculated unadjusted rate ratios (RRs)
comparing the rate of hospitalizations among preterm
infants to that of term infants by season among infants
aged <6 months. The calculation of the RRs within each
season allowed us to account for the seasonal variability in
RSV circulation and attack rates that may cause variation in
absolute hospitalization rates. RRs for risk of hospitalization
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were also calculated for the combined 2012 to 2014 and the
combined 2014 to 2016 RSV seasons.
Next, difference-in-difference models were ﬁt, controlling
for gestational age at birth, chronological age during the RSV
season, and sex. As the outcomes modeled (hospitalization
events) are counts, we used generalized linear models with
Poisson’s error distribution, log link, and a log offset term to
represent exposure. The difference-in-difference effect estimate was calculated as:

P-values of <0.05 were considered statistically signiﬁcant.
For RSV hospitalization costs, mean and median costs of
RSV hospitalizations are presented stratiﬁed by gestational
age (29–34 wGA vs. term) and by chronologic age at the time
of hospital admission. Costs for RSV hospitalizations occurring between July 2012 and June 2014 and costs for RSV
hospitalizations occurring between July 2014 and June 2016
are reported separately.

Results
Characteristics of Infants
There were 1,134,164 commercially insured infants and
1,448,990 Medicaid-insured infants born and discharged alive
in the two databases from July 1, 2011, through June 30, 2016
(►Supplementary Table 1, available in the online version).
After creating cohorts for infants with rare, complex medical
conditions, CLDP, and CHD, in the commercial sample, 3.0%
(n ¼ 33,667) were 29 to 34 wGA and 59.0% (n ¼ 668,619) were
term without major health problems; in the Medicaid sample,
3.5% (n ¼ 51,439) were 29 to 34 wGA and 62.7% (n ¼ 908,594)
were term without major health problems. These infants were
included in the analysis. In the 2012 to 2014 RSV seasons, the
preterm infants 29 to 34 wGA aged <6 months contributed
5,803 and 9,582 infant-seasons in the commercial and Medicaid analyses, respectively, whereas term infants without
major health problems aged <6 months contributed 134,655
and 194,682 infant-seasons, respectively (►Supplementary
Table 2, available in the online version). In the 2014 to 2016
RSV seasons, preterm infants aged <6 months contributed
4,440 and 9,317 infant-seasons in the commercial and Medicaid analyses, respectively, whereas term infants without
major health problems aged <6 months contributed 97,546
and 178,214 infant-seasons, respectively (►Supplementary
Table 2, available in the online version). Demographic characteristics for infants who contributed person-time when aged
<6 months during the 2012 to 2016 RSV seasons can be found
in ►Supplementary Table 3, available in the online version.

RSV Immunoprophylaxis
Prior to the 2014 guidance change, RSV IP rates within
each wGA category ranged from 25.5 to 49.8% among infants
32 wGA who were aged <6 months during the RSV season.
American Journal of Perinatology
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Abbreviations: IP, immunoprophylaxis; RSV, respiratory syncytial virus; wGA, weeks gestational age.
a
Infants can appear in multiple seasons.
b
Age is captured at any point in the RSV season. Infants may appear in multiple age categories.
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Rates were lower among infants born at 33 to 34 wGA.
Following the 2014 guidance change, the proportion of infants
receiving RSV IP decreased signiﬁcantly for all preterm age
groups in both databases (all P<0.0001 within the commercial
and Medicaid populations). In the 2014 to 2016 seasons, rates
within each wGA category ranged from 1.7 to 16.1% among
infants 32 wGA who were aged <6 months during the RSV
season. The percentage decrease in the proportion of infants
with IP was 74% or more for all groups analyzed (►Table 1).
Before and after the guidance change, the proportion of term
infants with RSV IP was less than 0.02%.
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Among commercially insured preterm infants 29 to 34 wGA
and term infants aged <6 months, we identiﬁed 1,586 RSV
hospitalizations during the 140,459 infant-seasons contributed during the 2012 to 2014 RSV seasons and 1,028 RSV
hospitalizations during the 101,986 infant-seasons contributed during the 2014 to 2016 RSV seasons. Among Medicaidinsured preterm infants 29 to 34 wGA and term infants aged
<6 months, there were 4,122 RSV hospitalizations in the
204,264 infant-seasons contributed during 2012 to 2014 RSV
seasons and 2,799 RSV hospitalizations in the 187,530
infant-seasons during the 2014 to 2016 RSV seasons.
In all seasons evaluated, preterm infants aged <6 months
had higher rates of RSV hospitalization than term infants
aged <6 months, and therefore, all unadjusted RRs comparing preterm to term infants are >1. There was an increase in
the RRs across time, speciﬁcally in the seasons after the
guidance change (►Fig. 1A). Seasonal RRs prior to the
guidance change for the wGA categories versus term infants
ranged from 1.6 to 3.4; however, after the guidance change,
the seasonal RRs ranged from 2.6 to 5.6. For commercially
insured infants, the RRs of RSV hospitalization for preterm
infants versus term infants increased from the combined
2012 to 2014 seasons to the combined 2014 to 2016 seasons,
with the largest increase found in infants 29 to 30 wGA and
aged <3 months (RR vs. term ¼ 1.0 in 2012 to 2014 vs. RR vs.
term ¼ 4.3 in 2014 to 2016; ►Fig. 2A). The differences in RRs
between the two time periods were generally smaller among
Medicaid-insured infants (►Fig. 2B).
In difference-in-difference models, the increase in risk of
RSV hospitalization associated with prematurity of 29 to 34
wGA compared with term in the two seasons after the
guidance change was double (2.00, P<0.0001) the increase
in risk associated with prematurity in the two seasons
prior to the recommendation change for commercially
insured infants and 46% higher (RR ¼ 1.46, P<0.0001) for
Medicaid-insured infants in the postguidance change period compared with the preguidance change period
(►Table 2). The amount of increase in risk associated
with the guidance change is positively correlated with
increasing degree of prematurity, with RRs being highest
among infants born at 29 to 30 wGA.
Absolute hospitalization rates in the combined 2012 to
2014 seasons and combined 2014 to 2016 seasons provide
insight into the absolute rates of disease by infant subgroup
before and after the 2014 guidance change (►Supplementary
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Fig. 1 (A, B) Unadjusted rate ratios for RSV hospitalization and all-cause bronchiolitis hospitalization comparing preterm to term infants by
season, among infants aged <6 months. COM, commercial; MED, Medicaid; RSV, respiratory syncytial virus; wGA, weeks gestational age.

Fig. 2 (A–D) Unadjusted rate ratios for RSV hospitalization and all-cause bronchiolitis hospitalization comparing preterm infants to term infants
by season. RSV, respiratory syncytial virus; wGA, weeks gestational age.

Table 4, available in the online version). There was an
increase in absolute rates among all preterm infant groups
in the commercially insured sample, with a 10 to 13%
decrease among term infants. Among Medicaid-insured
infants, there were smaller increases among most preterm
infant groups with no increase in some groups, but with a 27
to 28% decrease in rates among term infants. Absolute rates
were higher among Medicaid-insured infants than commercially insured infants.

All-Cause Bronchiolitis Hospitalizations
Among commercially insured preterm infants 29 to 34 wGA
and term infants aged <6 months, we identiﬁed 2,347 all-

cause bronchiolitis hospitalizations during the 140,459 infantseasons contributed during the 2012 to 2014 RSV seasons and
1,503 all-cause bronchiolitis hospitalizations during the
101,986 infant-seasons contributed during the 2014 to 2016
RSV seasons. Among Medicaid-insured preterm infants 29 to
34 wGA and term infants aged <6 months, there were 5,960
all-cause bronchiolitis hospitalizations in the 204,264 infantseasons contributed during 2012 to 2014 RSV seasons and
3,996 all-cause bronchiolitis hospitalizations in the 187,530
infant-seasons during the 2014 to 2016 RSV seasons.
Results for all-cause bronchiolitis hospitalizations were
similar to RSV hospitalizations. Preterm infants aged
<6 months had higher rates of all-cause bronchiolitis
American Journal of Perinatology
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hospitalization than term infants aged <6 months in all four
seasons evaluated. As noted with RSV hospitalizations, there
was a general increase in the RRs for all-cause bronchiolitis
hospitalizations across time, speciﬁcally in the seasons after
the guidance change (►Fig. 1B). Seasonal RRs prior to the
guidance change for the wGA categories versus term infants
ranged from 1.9 to 3.2; however, after the guidance change,
the seasonal RRs for all-cause bronchiolitis hospitalizations
ranged from 2.7 to 6.0. When combining the 2012 to 2014
and 2014 to 2016 RSV seasons, RRs for all-cause bronchiolitis
hospitalizations were higher after the guidance change in
both samples (►Fig. 2C, D).
In difference-in-difference models, the increase in risk of
all-cause bronchiolitis hospitalization associated with prematurity of 29 to 34 wGA compared with term in the
two seasons after the guidance change was 89% higher
(RR ¼ 1.89, P<0.0001) than the increase in risk associated
with prematurity in the two seasons prior to the guidance
change for commercially insured infants and 45% higher (RR
¼1.45, P<0.0001) for Medicaid-insured infants postguidance
change compared with preguidance (►Table 2).
Absolute rates of all-cause bronchiolitis hospitalizations
increased after the guidance change for preterm infants,
whereas rates for term infants decreased (►Supplementary
Table 4, available in the online version).

RSV Hospitalization Costs
Among infants with an RSV hospitalization, average costs for
preterm infants were higher than average costs for term infants
both before and after the guidance change (►Table 3). In the
time period after the guidance change, the mean costs for RSV
hospitalizations for infants hospitalized when aged <3 months
were more than twice as high for preterm infants than for term
infants (Commercial: $41,104 [median $16,792] vs. $17,597
[$10,494]; Medicaid: $24,049 [median $8,521] vs. $10,987
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[median $4,257]). Costs were also higher for infants hospitalized when aged <3 months than those hospitalized when aged
3 to <6 months. RSV hospitalization costs tended to increase
from 2012 to 2014 to 2014 to 2016, with the largest increases
noted for preterm infants 29 to 34 wGA.

Discussion
This analysis of commercially insured and Medicaid-insured
infants aged <6 months found that the proportion of preterm
infants 29 to 34 wGA who received RSV IP decreased signiﬁcantly in the two seasons after the AAP guidance change.
Concurrently, the already elevated risk for RSV hospitalization for preterm infants compared with term infants
increased signiﬁcantly in the seasons after the guidance
change. For those infants who are hospitalized with RSV,
the costs of RSV hospitalizations are also higher for preterm
infants compared with term infants.
This study conﬁrms that the decrease in RSV IP in the United
States among otherwise healthy preterm infants reported by
Kong et al in the ﬁrst season after the guidance change
continued in the subsequent season.20 In that analysis, RSV
IP rates also decreased among preterm infants between 6 and
12 months old, although palivizumab utilization was less
common among infants in that age group.20 Palivizumab IP
has been shown to signiﬁcantly decrease the risk for RSV
hospitalization in three clinical trials.26–28 Recently, Anderson
et al conducted an effectiveness study using a multicenter, testnegative, inverse propensity score weighted design to assess
the real-world effectiveness of palivizumab.29 They found that
palivizumab was 74% effective (95% conﬁdence interval [CI]:
56–85%) in preventing RSV-related hospitalizations among
infants born at 29 to 35 wGA and with chronologic age <6
months without CLDP or CHD, after controlling for differences
between infants who did and did not receive palivizumab.29

Table 2 Change in RSV hospitalization risk and all-cause bronchiolitis risk from 2012 to 2014 to 2014 to 2016 among preterm
infants aged <6 months compared with change in risk among term infants aged <6 months
wGA

Commercially insured infants

Medicaid-insured infants

Differencein-differencea
for RSV
hospitalization
(95% CI)

P-value

Differencein-differencea
for all-cause
bronchiolitis
hospitalization
(95% CI)

P-value

Differencein-differencea
for RSV
hospitalization
(95% CI)

P-value

Differencein-differencea
for all-cause
bronchiolitis
hospitalization
(95% CI)

P-value

29–34

2.00
(1.42–2.81)

<0.0001

1.89
(1.46–2.43)

<0.0001

1.46
(1.24–1.73)

<0.0001

1.45
(1.26–1.66)

<0.0001

29–30

2.11
(0.94–4.72)

0.0700

2.10
(1.18–3.75)

0.0119

1.61
(1.11–2.32)

0.0120

1.54
(1.13–2.09)

0.0056

31–32

2.15
(1.33–3.48)

0.0018

2.06
(1.39–3.04)

0.0003

1.48
(1.15–1.91)

0.0024

1.58
(1.29–1.93)

<0.0001

33–34

1.76
(1.27–2.44)

0.0006

1.55
(1.20–2.00)

0.0009

1.32
(1.10–1.58)

0.0033

1.25
(1.07–1.46)

0.0044

Abbreviations: CI, conﬁdence interval; RSV, respiratory syncytial virus; wGA, weeks gestational age.
a
Difference-in-difference ¼ (Hospitalization rate for preterm infants in 2014 to 2016/rate in 2012 to 2014)/(Hospitalization rate for term infants in
2014 to 2016/rate in 2012 to 2014).
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Table 3 Costs of RSV hospitalizations among preterm and term infants aged <6 months
Commercially insured infants

Medicaid-insured infants

July 2012 to June
2014

July 2014 to June
2016

July 2012 to June
2014

July 2014 to June
2016

N/Mean/
median

N/Mean/
median

N/Mean/
median

N/Mean/
median

SD

SD

SD

SD

29–34 wGA, <3 months
No. of infants hospitalized
with RSV

73

90

286

289

No. of RSV hospitalizations

82

92

304

301

RSV hospitalization costs
(mean, SD)

a

Median

$36,347

$49,124

$41,104

$65,956

$16,598

$29,339

$24,049

$14,590

$16,792

$6,746

$8,521

No. of infants hospitalized
with RSV

1,089

609

2,540

1,689

No. of RSV hospitalizations

1,117

631

2,653

1,747

$45,949

Term, <3 months

RSV hospitalization costs
(mean, SD)

a

Median

$14,550

$26,476

$17,597

$27,220

$9,226

$30,519

$10,897

$8,947

$10,494

$3,797

$4,257

No. of infants hospitalized
with RSV

63

67

200

182

No. of RSV hospitalizations

65

71

209

190

$34,463

29–34 wGA, 3–<6 months

RSV hospitalization costs
(mean, SD)

a

Median

$13,782

$16,861

$21,549

$28,278

$8,256

$19,360

$15,755

$8,679

$11,440

$4,365

$3,749

No. of infants hospitalized
with RSV

525

344

1,375

902

No. of RSV hospitalizations

538

350

1,412

929

$93,027

Term, 3–<6 months

RSV hospitalization costs
(mean, SD)
Median

a

$11,951
$7,901

$16,263

$14,293
$8,888

$20,953

$5,500
$3,394

$11,379

$6,554

$10,346

$3,703

Abbreviations: RSV, respiratory syncytial virus; SD, standard deviation; wGA, weeks gestational age.
a
Hospitalizations with $0 cost were excluded.

Preterm infants and young infants were at greater risk for
RSV hospitalization than term infants, which is consistent with
other analyses.3,6,7,30,31 Preterm infants who do not receive
RSV IP, especially those at young chronologic ages, are particularly vulnerable to severe RSV infection. Preterm infants have
small lung volumes, reduced lung surface area, narrower airways, increased air space wall thickness, and an immature
immune system.8–11 Infants of younger chronologic age may be
at higher risk for similar reasons, that is, their narrower airways
and lack of a proﬁcient immune system, as well as contact with
other young children.32 In the SENTINEL1 study, earlier gestational age and younger chronologic age were associated with
increased rates of intensive care unit admission and invasive
mechanical ventilation among preterm infants 29 to 35 wGA
and aged <12 months who were hospitalized with RSV and did
not receive RSV IP.15 These interventions are associated with

greater health care costs.15 As demonstrated in our analysis and
by an earlier study using data prior to the guidance change,24
when limiting to the subset of infants with an RSV infection,
health care costs for RSV hospitalizations among preterm
infants and those aged <3 months were greater than costs
among term and infants aged 3 months.
When comparing the risk of RSV hospitalization for infants
29 to 34 wGA relative to term infants in the two seasons after
the guidance change to the two seasons prior to the guidance
change, the risk for RSV hospitalization associated with prematurity increased. This means that the relative difference in
risk between preterm and term infants has increased following
the 2014 AAP recommendations to a level consistent with the
established effectiveness of palivizumab. To our knowledge,
this is the ﬁrst study to analyze the impact of the guidance by
evaluating the relative risk of preterm versus term infants, an
American Journal of Perinatology

Vol. 35

No. 14/2018

1439

1440

RSV Hospitalizations among U.S. Preterm Infants Compared with Term Infants
approach that considers and adjusts for overall season severity
and secular trends in bronchiolitis admission practices. This
comparison also addresses, at least in part, the reason for the
guidance change. According to the COID in 2014, preterm
infants did not have an increased risk of RSV hospitalization
compared with term infants.33,34 This study demonstrates that
preterm infants do have a higher risk compared with term
infants and that risk has increased since the guidance change.
As decreased emphasis is given to providing the indicated
prophylaxis, up to 75% of the at-risk population will not be
covered. Although the AAP 2014 COID policy attempts to
indemnify this practice, it is increasingly clear that patients,
hospitals, and insurers will ultimately pay the price for inadequate prophylaxis for the most at-risk populations. Despite
the fact that RSV affects infants born at term, it is important
to identify this pattern of increased admission secondary to
deﬁcient policy as opposed to a change in seasonality or
virulence of RSV across all gestations.
Earlier published analyses have focused on RSV hospitalization counts by age group, proportion of infants hospitalized, and changes in the intensity of care required for
infants hospitalized with RSV. Most found an increase in
RSV hospitalizations and morbidity after the 2014 guidance
change. Both Rajah et al and Blake et al described increases
in RSV-related morbidity among preterm infants at single
institutions.16,17 Using the same MarketScan Commercial
and Medicaid databases and the patient selection methods
described in this article, Kong et al reported increases in
rates of RSV hospitalization in the 2014–2015 RSV season
among infants 29 to 34 wGA.20 Two analyses, one by
Grindeland et al and one by Farber, did not report increases
in RSV hospitalization rates or severity; however, the
studies did not speciﬁcally examine preterm infants,18
lacked sufﬁcient sample sizes,18,35 or examined populations
in which RSV IP was known to have continued after the
guidance change.19,36
This analysis has limitations. First, the claims databases did
not contain laboratory results, and therefore, we relied on
diagnoses on inpatient medical claims to identify RSV
hospitalizations. RSV-coded hospitalizations appear to be
speciﬁc for true RSV disease, as a previous analysis reported
high concordance between RSV diagnosis codes in the emergency room setting and positive RSV tests.37 Despite their
speciﬁcity, RSV-coded hospitalization rates are known to
underestimate the true rate of RSV hospitalizations because
routine virologic testing is not recommended by the AAP,38
and without testing, RSV diagnosis codes may not be used on
inpatient claims. Our analysis of all-cause bronchiolitis
showed that the risk of all-cause bronchiolitis hospitalizations
for premature infants relative to term infants increased after
the guidance change regardless of the RSV diagnosis. Second,
inpatient medication use is not included in claims, so inpatient
utilization of palivizumab was not captured. Because of this,
the proportion of infants with RSV IP reported in this study
may be underestimated because preterm infants may have
received palivizumab in the hospital. An increase in predischarge inpatient dosing of palivizumab in 2015–2016 could
explain the decline in RSV hospitalizations among 29 to 30
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wGA infants relative to 2014–2015. Third, there were a small
number of infants in some gestational age groups. Therefore,
the results combining infants born at 29 to 34 wGA are more
robust than the results for smaller gestational age groupings
(which did not reach statistical signiﬁcance in some cases).
Finally, it is possible that outlier seasons for respiratory diseases could have biased our results. However, we combined
two seasons prior to the guidance change and two seasons
after the guidance change to minimize any bias due to seasonal
variation.
In conclusion, we found that the proportion of infants with
outpatient use of RSV IP decreased signiﬁcantly in infants 29 to
34 wGA and aged <6 months in the 2014 to 2016 RSV seasons
compared with the 2012 to 2014 RSV seasons. Concurrently,
this study demonstrated an increase in risk of RSV hospitalization for preterm infants born at 29 to 34 wGA and aged <6
months relative to term infants aged <6 months in the
combined 2014 to 2016 RSV seasons compared with the
2012 to 2014 RSV seasons. In addition, costs of RSV hospitalizations were shown to be substantially higher for infants 29
to 34 wGA and aged <6 months compared with term infants,
with the highest costs among infants 29 to 34 wGA and aged
<3 months after the guidance change.
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