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ABSTRACT

Palivizumab is the only licensed respiratory syncytial virus (RSV) immunoprophylaxis (IP) available to
prevent severe RSV disease in high-risk pediatric populations, including infants born at 29-34 weeks’
gestational age (WGA). In 2014, the American Academy of Pediatrics (AAP) stopped recommending RSV IP
use for otherwise healthy 29-34 wGA infants and stated that 29-34 wGA infants and term infants have
similar RSV hospitalization (RSVH) rates. This study aimed to compare RSV IP use and RSVH rates in 29-34
WGA infants and term infants during the 3 RSV seasons before and after the 2014 AAP policy change. RSV
IP use in otherwise healthy infants 29-30, 31-32, and 33-34 wGA was estimated from pharmacy or
outpatient medical claims for palivizumab. RSVH rates in the first 6 months of life were calculated per 100
infant-seasons. RSVH rate ratios were used to compare preterm infants and term infants before and after
the policy change. Across infant cohorts (29-34 wGA) and chronologic age groups (<3 months and
3-<6 months), absolute decreases in RSV IP use between the combined 2011-2014 seasons and
2014-2017 seasons ranged from 7% to 38% and from 68% to 97%, respectively. Compared with
2011-2014, the RSVH risk increased 2.09-fold (P< .001) and 1.76-fold (P< .001) in 2014-2017 for infants
born at 29-34 wGA and aged <6 months with commercial and Medicaid insurance, respectively. Overall,
RSV IP use declined in the RSV seasons following the 2014 RSV IP policy change, and RSVH increased
among 29-34 wGA infants aged <6 months.
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<24 months at RSV season start and who have BPD or hemo-
dynamically significant CHD.'* Among infants born at 29 to <35
wGA, without CLDP or CHD, and aged <6 months at RSV
season start, palivizumab has an estimated real-world effective-

Introduction

Respiratory syncytial virus (RSV) is a common infectious agent
that can result in severe lower respiratory complications in at-

risk populations, including preterm infants." Among infants
aged <1 year, RSV bronchiolitis is the leading cause of hospi-
talization, accounting for 20% of hospitalizations for acute
respiratory infections during the peak season that extends
from November through March.>™* Predictors of severe RSV
infection and RSV hospitalization (RSVH) include preterm
birth, chronologic age of <6 months during the RSV season,
congenital heart disease (CHD), bronchopulmonary dysplasia
(BPD, also known as chronic lung disease of prematurity
[CLDP]), exposure to other children in the household or child-
care, and cigarette smoke exposure.””’

There is no vaccine to prevent RSV disease, and treatment of
this illness is supportive. Supplemental oxygen, intensive care,
ventilatory support, and administration of intravenous fluids
may be required until the child’s condition improves.® RSVH
risk among vulnerable infants can be reduced with injections of
the prophylactic antibody palivizumab.”'® Palivizumab is
approved for the prevention of RSVH in infants born preterm
(=35 weeks’ gestational age [WGA]) who are aged <6 months at
RSV season start and infants and young children who are aged

ness of 74% in reducing RSV hospitalizations.""

First released in 1998,'> the American Academy of Pediatrics
(AAP) Committee on Infectious Diseases (COID) has issued
multiple recommendations for (or against) RSV immunopro-
phylaxis (IP) with palivizumab across different cohorts of infants
(e.g., <29 wGA, 29-34 wGA, 35-36 wGA, and 237 wGA) based
on their changing opinions of what they consider to be high-risk
infants.">”'® With respect to a single cohort, infants born at 29 to
34 wGA, the AAP took a more restrictive position in 2014 and
stopped recommending RSV IP with palivizumab for those
infants who do not have BPD/CLDP or CHD, saying that these
preterm infants should no longer be considered high risk
because “infants born at or after 29 weeks, 0 days’ gestation
have an RSVH rate similar to the rate of full-term infants.”"”

In the RSV seasons following this policy change, observational
studies, including some by current authors, have characterized
patterns in the occurrence of RSVH and reported an increase in
the risk and severity of RSVH among infants born at 29 to 34
WGA during the first 3 to 6 months of life."®** The finding of
greater RSVH risk persisted in a direct comparison of the 2
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seasons before and after the change.” In an examination of the 3
seasons before and after the policy change, Krilov et al. found an
increase in RSVH severity among preterm infants after 2014, with
the greatest increase among those aged <3 months." Following
some of these publications, in 2018, the National Perinatal
Association (NPA) updated its guidance for the use of palivizu-
mab, recommending it for all infants born at 29 to 31 wGA and
some 32 to 35 wGA infants with additional risk factors.

This study follows the previous methodology and evaluates the
durability of previous results by comparing RSVH rates in the
three seasons before and after the 2014 AAP policy change among
commercially insured and Medicaid-insured preterm infants
expected to be affected by the change.”” The primary objective
was to compare the use of RSV IP and RSVH rates for preterm (29
to 34 wGA) infants with those of term (>36 wGA) infants in the 3
RSV seasons before (2011-2014) and after (2014-2017) the policy
change. RSVH costs were assessed as a secondary objective.

Methods
Study design and data source

This analysis was an observational retrospective cohort study of
preterm and term infants in the United States with data obtained
from de-identified administrative claims housed in the IBM
MarketScan® Commercial and Multi-State Medicaid databases.
Each of these databases captures the enrollment data, inpatient
medical data, outpatient medical data, and outpatient prescrip-
tion drug data for its respective covered population. The com-
mercial database includes data for employees and their
dependents covered under a variety of fee-for-service and man-
aged care health plans. The Medicaid database contains data for
covered individuals in approximately 15 geographically dis-
persed states. Data from the commercial and Medicaid popula-
tions were analyzed separately.

All study data were accessed with protocols that are com-
pliant with US patient confidentiality requirements, including
the Health Insurance Portability and Accountability Act of

1996 regulations (HIPAA). All data were fully de-identified
and compliant with HIPAA; as such, this study was exempted
from institutional review board approval.

Patient selection and cohort assignment

The initial cohort included infants born between July 1, 2010, and
June 30, 2017, who could be linked to a birth hospitalization
record and were discharged alive from birth hospitalization.
Gestational age at birth and the presence of medical conditions
associated with RSV risk were obtained using International
Classification of Diseases, 9th and 10th Revision, Clinical
Modification (ICD-9-CM and ICD-10-CM) diagnosis codes,
diagnosis-related group (DRG) codes, and Current Procedural
Terminology (CPT) 4th edition procedure codes. National Drug
Codes (NDC) were used to assess the use of selected medications.
Consistent with our previous studies on RSVH, a hierarchical
approach was used to assign each infant to one of the following
mutually exclusive risk cohorts: (1) infants with complex, rare
medical conditions (e.g., infants with evidence of cystic fibrosis,
immunodeficiency, congenital anomalies of the respiratory sys-
tem, neuromuscular, immunologic, 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) term infants (>36
wGA) with major health problems (based on DRG code 793); (10)
term infants without major health problems (i.e., normal new-
born; DRG code 795); (11) other preterm infants with unknown
wGA; and (12) other infants with unknown wGA.>%**

The commercial and Medicaid populations were restricted to
include only otherwise healthy infants born at 29 to 34 wGA (i.e.,
preterm infants without evidence of the condition-based exclu-
sions described above) and healthy term infants (ie., term
infants without major health problems). Infants in all other
risk cohorts were excluded (Table 1). Demographic character-
istics, including sex, health plan type, region (commercial only),

Table 1. Commercially insured and medicaid-insured infants by risk cohort.

Commercially Insured Infants Medicaid-Insured Infants

n % n %
Number of insured infants born July 1, 2010, to June 30, 2017 1,596,603 100.0 2,011,591 100.0
AND linkable to birth hospitalization 1,585,442 99.3 2,005,681 99.7
AND discharged from birth hospitalization 1,583,610 99.2 1,998,923 99.4
Infants included in the study
All included 975,096 61.6 1,299,070 65.0
Early preterm infants (29-30 wGA) 5,800 0.6 9,853 0.8
Early preterm infants (31-32 wGA) 11,319 1.2 18,264 14
Moderate preterm infants (33-34 wGA) 29,749 3.1 43,433 33
Term infants without major health problems 928,228 95.2 1,227,520 945
Infants excluded from the study
Rare, complex medical conditions® population infants 3,500 0.2 4,604 0.2
Chronic lung disease of prematurity infants 1,754 0.1 2,048 0.1
Congenital heart disease infants 26,756 1.7 27,491 14
Early preterm infants (<29 wGA) 6,609 0.4 12,903 0.6
Late preterm infants (35-36 WGA) 64,119 4.0 101,729 5.1
Other preterm infants? 39,560 25 25,258 1.3
Term infants with major health problems 158,015 10.0 143,390 7.2
Other unknown infants® 308,201 19.5 382,430 19.1

Cystic fibrosis, immunodeficiency, congenital anomalies of the respiratory system, neuromuscular disease, other neuromuscular, immunologic, or

genetic conditions or organ transplants are included in this group.
PInsufficient data in the claims record to assign gestational age.



and race/ethnicity (Medicaid only), were collected from the birth
hospitalization record. To evaluate study outcomes, included
infants were followed from birth hospitalization discharge until
the earliest of the following events: end of the first 6 months of
life, death, or end of continuous health plan enrollment. Infants
who contributed follow-up time at <6 months old during an
RSV season were further stratified into two groups based on
their chronologic age during each RSV season: <3 months or
3-<6 months. Infants may have contributed time to more than
one chronologic age group during the same RSV season as the
infant aged. The number of infant-seasons was calculated by
dividing the total number of days that an infant contributed
data to a particular chronologic age group during the RSV
season by 151 days (the duration of the RSV season).

Outcomes

The primary outcomes were the proportion of infants with
evidence of >1 outpatient claim for palivizumab (i.e., RSV IP)
and occurrence of RSVH during the RSV season (defined as
November through March each year from 2011 to 2017).
Outcomes observed during these RSV seasons were combined
for the 3-season periods before and after the AAP policy
change (November 2011 to March 2014 and November 2014
to March 2017). Because inpatient palivizumab doses were not
captured in the source databases, RSV IP was defined by its
relevant NDC code on outpatient pharmacy claims and admin-
istration codes (CPT or Healthcare Common Procedure
Coding System) on outpatient medical claims. In-season
RSVH were identified by ICD-9-CM (079.6, 466.11, or 480.1)
and ICD-10-CM (B974, J121, J205, or J210) diagnosis codes on
inpatient claims. Hospitalization rates were calculated per 100
infant-seasons. Because infants may be transferred from their
birth hospital to another hospital offering more intensive care,
RSVH occurring <2 days after discharge from birth hospitali-
zation were excluded from the analysis to limit misclassifica-
tion of such transfers and readmissions from birth
hospitalizations. Crude rate ratios (RRs; described below) com-
paring hospitalization rates of preterm infants to those of term
infants were calculated to account for seasonal variations in
RSV circulation and severity.

RSVH characteristics (length of stay, time from admission
to birth discharge, intensive care unit [ICU] admission) and
costs were captured for all RSVH during the study period to
provide a fuller view of the clinical and financial implications.
Full-year RSVH-coded costs were captured because, while an
infant’s initial RSVH may occur during the season, the infant
may be readmitted or transferred, with the subsequent RSVH
occurring after the end of the RSV season. Costs were based on
the paid amounts of fully adjudicated inpatient claims, includ-
ing insurer and health plan payments, as well as patient cost-
sharing in the form of copayment, deductible, and coinsurance.
All costs were inflated to 2017 US dollars using the medical
care component of the Consumer Price Index.**

We expect all-cause bronchiolitis hospitalization trends for
preterm and term infants to mirror RSVH trends because RSV
testing may not be performed, or tests may produce false
negatives. As a sensitivity analysis to address potential issues
related to variations in the coding of RSV over time, trends in
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hospitalizations for all-cause bronchiolitis were also assessed
during the two sets of combined RSV seasons. All-cause
bronchiolitis hospitalizations encompassed RSVH and unspe-
cified bronchiolitis hospitalizations. The latter were identified
by ICD-9-CM (466.19) and ICD-10-CM (J211, J218, or J219)
codes on inpatient claims and no diagnoses of influenza, bac-
terial pneumonia, or other viral pathogens within 3 days of the
admission. Similar to the approach used for RSVH, all-cause
bronchiolitis admissions that occurred within 2 days of the
birth hospitalization were excluded from the analysis.

Statistical analysis

Means and standard deviations were reported for continuous
variables. Frequencies and percentages were reported for catego-
rical variables. Data on demographic characteristics were sum-
marized descriptively. Changes in the absolute proportions of
infants with RSV IP and percentage changes in these proportions
were assessed between the 2011-2014 seasons and the 2014-2017
seasons. Chi-squared tests assessed the statistical significance of
differences in RSV IP proportions between seasons.

Crude (unadjusted) RRs provided an initial assessment of
risk by comparing the rate of RSVH/all-cause bronchiolitis
hospitalizations among preterm infants with that of term
infants by season among infants aged <6 months. This com-
parison within each season accounts for variability in RSV
circulation levels by normalizing the experience of preterm
and term infants under the same exposure conditions. Crude
RRs were also assessed for the combined seasons.

Difference-in-difference models were used to compare
adjusted RRs of the 2011-2014 RSV seasons with the
2014-2017 RSV seasons for RSVH and all-cause bronchiolitis
hospitalizations between preterm and term infants.”> These
models adjusted for gestational age at birth, chronologic age
during the RSV season, and sex. Generalized linear models
with a Poisson error distribution, log link, and a log offset
term to represent exposure were used in this analysis. The
following equation was used to calculate the difference-in-
difference effect estimate:

Hospitalization rate for preterm infants in 2014-2017/

Hospitalization rate for preterm infants in 2011-2014

Hospitalization rate for term infants in 2014-2017/Hospitalization
rate for term infants in 2011-2014

Hospitalization characteristics and mean and median hospital
costs were calculated separately for preterm and term infants,
stratified by chronologic age at the time of the hospitalization,
and summarized for the combined RSV seasons (with costs
attributed to the period in which the hospitalization began).
No statistical testing was conducted on hospitalization charac-
teristics or hospital costs between periods because cohorts were
not necessarily mutually exclusive, i.e., some infants could be
counted in both cohorts. RSV IP and hospitalization results are
presented for the overall preterm group (29-34 wGA) and the
gestational age cohorts (29-30 wGA, 31-32 wGA, and 33-34
wGA). The alpha level for all statistical tests was 0.05. All data
analyses were conducted using SAS version 9.4 (SAS Inc,
Cary, NC).
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Table 2. Characteristics of infants aged <6 months born during the study period at 29-34 wGA or term without major health problems.

July 2011 to June 20147

July 2014 to June 2017°

Preterm 29-34 wGA Term Preterm 29-34 wGA Term
n % n % n % n %
Commercially insured infants 26,289 555,009 18,496 349,424
Sex
Male 14,195 54.0 276,694 49.9 10,008 541 173,613 49.7
Female 12,094 46.0 278,315 50.1 8,488 459 175,811 50.3
Health Plan Type
Comprehensive/indemnity m 0.4 3,021 0.5 239 13 4,825 14
EPO/PPO 17,720 67.4 369,758 66.6 11,503 62.2 215,811 61.8
POS/POS with capitation 1,696 6.5 35,322 6.4 1,319 7.1 21,030 6.0
HMO 3,227 12.3 58,271 10.5 1,617 8.7 25,553 73
CDHP/HDHP 2,123 8.1 54,877 9.9 3,155 171 67,563 19.3
Unknown 1,412 54 33,760 6.1 663 3.6 14,642 4.2
Region
Northeast 4,591 17.5 116,031 20.9 3,263 17.6 72,903 20.9
New England Division 715 2.7 21,128 3.8 599 3.2 13,948 4.0
Middle Atlantic Division 3,876 14.7 94,903 171 2,664 14.4 58,955 16.9
Midwest 6,762 25.7 160,060 28.8 4,110 2222 89,603 25.6
East North Central Division 5310 20.2 121,006 21.8 3,080 16.7 64,071 18.3
West North Central Division 1,452 5.5 39,054 7.0 1,030 5.6 25,532 73
South 9,286 353 184,583 333 7,704 417 123,140 35.2
South Atlantic Division 4,252 16.2 80,813 14.6 3,899 211 56,685 16.2
East South Central Division 1,380 5.2 27,302 49 1,227 6.6 21,813 6.2
West South Central Division 3,654 13.9 76,468 13.8 2,578 13.9 44,642 12.8
West 4,945 18.8 87,108 15.7 3,126 16.9 59,637 171
Mountain Division 1,673 6.4 48,580 8.8 1,283 6.9 32,677 9.4
Pacific Division 3,272 124 38,528 6.9 1,843 10.0 26,960 77
Unknown 705 2.7 7,227 13 293 1.6 4,141 1.2
Medicaid-insured infants 34,311 639,840 36,048 581,971
Sex
Male 18,035 52.6 316,689 49.5 18,840 523 289,248 49.7
Female 16,184 47.2 321,147 50.2 17,207 47.7 292,717 50.3
Unknown 92 0.3 2,004 0.3 1 0.0 6 0.0
Health Plan Type
Comprehensive/POS® 16,577 48.3 299,561 46.8 14,787 41.0 231,302 39.7
Other® 17,734 51.7 340,279 53.2 21,261 59.0 350,669 60.3
Race/Ethnicity
White 14,319 41.7 308,012 48.1 10,326 28.6 195,318 336
Black 12,988 379 187,230 293 10,006 27.8 131,489 22,6
Hispanic 2,161 6.3 53,943 8.4 1,633 4.5 40,680 7.0
Other/unknown 4,843 141 90,655 14.2 14,083 39.1 214,484 36.9

CDHP, consumer-driven health plan; EPO, exclusive provider organization; HDHP, high-deductible health plan; HMO, health maintenance organization;

POS, point of service; PPO, preferred provider organization.

?Infants aged <6 months born between January 2, 2014, and June 30, 2014, may appear in both cohorts.

bPlans may be capitated.

Results
Study populations

Within the MarketScan databases, we identified a total of
1,583,610 commercially insured and 1,998,923 Medicaid-
insured infants, who were born between July 1, 2010, and
June 30, 2017, and discharged alive from the hospital (Table 1).
After excluding infants with complex medical conditions, CLDP,
or CHD, the commercially insured population included 46,868
infants born at 29 to 34 wGA and 928,288 healthy term
infants. Among the Medicaid-insured population were 71,550
eligible preterm infants and 1,227,520 eligible term infants.
Demographic characteristics of eligible infants who were aged
<6 months are reported in Table 2.

While <6 months of age, commercially insured preterm and
term infants contributed 9,041 and 215,307 infant-seasons to
follow-up, respectively, during the 2011-2014 seasons and
6,403 and 136,108 infant-seasons, during the 2014-2017 sea-
sons (Table 3). Similarly, Medicaid-insured preterm and term

infants aged <6 months contributed 13,073 and 271,815 infant-
seasons, respectively, during the 2011-2014 seasons and 13,282
and 240,886 infant-seasons, during the 2014-2017 seasons.
The overall MarketScan databases were smaller in the
2014-2017 period, resulting in lower infant frequencies.

RSV immunoprophylaxis

The proportion of commercially insured and Medicaid-
insured infants with at least one claim for outpatient RSV
IP declined across all gestational age/chronologic age category
combinations following the 2014 AAP policy change (all
P values comparing the 2011-2014 period with the
2014-2017 period for preterm infants were <0.001).
Absolute declines in outpatient RSV IP receipt from
2011-2014 to 2014-2017 ranged from 7% (Medicaid, 33-34
wGA, 3-<6 months) to 38% (Medicaid, 29-30 wGA,
3-<6 months). Percentage declines ranged from 68% (com-
mercial, 29-30 wGA, 3-<6 months) to 97% (commercial,
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Table 3. Commercially insured and medicaid-insured infants by risk cohort born between July 1, 2010, and June 30, 2017, who contributed time to the 2011 to 2017 RSV

seasons while aged <6 months.

Commercially Insured Infants

Medicaid-Insured Infants

November 2011 to November 2014 to

November 2011 to March 2014 November 2014 to March 2017 March 2014 March 2017
Infants Infant-Seasons Infants Infant-Seasons Infants Infant-Seasons Infants Infant-Seasons
29-34 wGA 18,770 9,041.2 13,116 6,402.5 25,628 13,072.6 27,021 13,281.9
29-30 wGA 2,136 944.6 1,480 662.7 3,335 1,577.9 3,371 1,510.5
31-32 wGA 4,501 2,114.1 2,938 1,432.0 6,428 3,199.2 6,758 3,272.5
33-34 wGA 12,133 5,982.5 8,698 4,307.8 15,865 8,295.5 16,892 8,498.9
Term infants without MHP 418,711 215,306.7 261,319 136,108.2 501,399 271,815.4 456,090 240,885.9
MHP, major health problems.
Table 4. RSV IP use among commercially insured and medicaid-insured infants by risk cohort.
Commercially Insured Infants Medicaid-Insured Infants
2011-2014 2014-2017 Absolute 2011-2014 2014-2017 Absolute
Decrease Decrease
No. of No.With 9% With  No.of No.With % With (% No. of No.With 9% With  No.of No.With % With (%
Infants RSV IP RSV IP® Infants RSVIP RSV IP® Decrease) Infants RSVIP RSV IP* Infants RSVIP RSV IP? Decrease)
<3 months®
29-30 wGA 1,400 473 33.8 947 59 6.2 28 (82) 2,206 698 316 2,185 90 4.1 28 (87)
31-32 wGA 3,126 1,021 32.7 1,917 48 2.5 30 (92) 4,411 1,328 30.1 4,639 88 1.9 28 (94)
33-34 wGA 8,573 1,825 213 5,931 43 0.7 21(97) 11,307 1,943 17.2 11,835 93 0.8 16 (95)
3-<6 months®
29-30 wGA 1,729 852 493 1,246 196 15.7 34 (68) 2,795 1,350 483 2,771 281 10.1 38 (79)
31-32 wGA 3,412 1,080 31.7 2,383 133 5.6 26 (82) 5,109 1,301 25.5 5,303 165 31 22 (88)
33-34 wGA 8,961 1,040 11.6 6,529 58 0.9 11 (92) 11,927 971 8.1 12,620 153 1.2 7 (85)

2P values comparing 2014-2017 vs. 2011-2014 within gestational age and insurer are all <0.001.
PAge is captured at any point in the RSV season. Infants may appear in multiple age categories.

33-34 wGA, <3 months) (Table 4). Data for individual wGA
cohorts can be found in the relevant tables and figures. Only
0.02% of term infants received in-season outpatient RSV IP at
any point from 2011 to 2017, and the changes in RSV IP use
among term infants were small in the periods before and after
the AAP policy change (data not shown).

RSV and all-cause bronchiolitis hospitalizations

Among commercially insured preterm and term infants aged
<6 months, we identified 8,223 hospitalizations in the 2011-2014
RSV seasons and 4,658 hospitalizations in the 2014-2017 RSV
seasons. Of these, 2,556 (31%) and 1,468 (32%) were RSVH,
contributed by 2,466 and 1,418 infants, respectively. Among
Medicaid-insured preterm and term infants, we identified
16,513 hospitalizations in the 2011-2014 RSV seasons and
12,638 hospitalizations in the 2014-2017 RSV seasons. Of
these, 5,558 (34%) and 4,213 (33%) were RSVH, contributed
by 5,344 and 4,061 infants, respectively.

Rates of RSVH were higher among preterm infants than
among term infants and ranged from 2.0 to 10.0 hospitaliza-
tions per 100 infant-seasons for infants aged <3 months and
from 1.3 to 7.0 hospitalizations per 100 infant-seasons for
infants aged 3 to <6 months (Figure 1(A,B)). For term infants,
the rate of RSVH ranged from 1.3 to 2.5 hospitalizations per
100 infant-seasons among infants aged <3 months and from
0.6 to 1.2 hospitalizations per 100 infant-seasons among infants
aged 3 to <6 months. With one exception (Medicaid infants
born at 33 to 34 wGA), the RSVH rate increased in the com-
bined 2014-2017 RSV seasons across all preterm wGA and
chronologic age subgroups, whereas term rates decreased. In

addition, in all preterm and term wGA and chronologic age
subgroups, RSVH rates were higher among Medicaid-insured
infants than among commercially insured infants.

The crude RRs of RSVH rates for preterm infants vs. RSVH
rates for term infants were greater than 1.0 for all wGA and
chronologic age subgroups, and there was an overall trend of
higher RRs in RSV seasons following the 2014 change in RSV
IP policy (Figure 2(A)).

Difference-in-difference models estimating adjusted RRs
indicated that among commercially insured infants, the risk
of RSVH associated with birth at 29 to 34 wGA in the RSV
seasons after the policy change was twice the risk associated
with birth at 29 to 34 wGA in the RSV seasons prior to the
change (RR = 2.09 [95% CI, 1.58-2.75]; P< .001). Among
Medicaid-insured infants, the difference-in-difference results
indicated a 76% greater risk associated with birth at 29 to 34
wGA in the RSV seasons after the policy change (RR = 1.76
[95% CI, 1.52-2.02]; P< .001) compared with the 3 seasons
before the policy change (Table 5). The adjusted risk of RSVH
for preterm infants relative to term infants was statistically
higher in the post-policy period for all examined preterm
subgroups except commercially insured infants born at 29 to
30 wGA (P=.063).

All-cause bronchiolitis hospitalization results are presented
in Figures 2 and 3 and Table 5. Crude RRs for all-cause bronch-
iolitis hospitalizations comparing preterm infants to term
infants were greater than 1.0 for all wGA and chronologic age
subgroups, and there was an overall trend of higher RRs in the
RSV seasons following the 2014 policy change (Figure 2(B)).
Trends in the rates of all-cause bronchiolitis hospitalizations
were similar to those observed in the rates of RSVH (Figure 3).
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Figure 1. RSV hospitalization rates with 95% confidence intervals for 2011-2014
and 2014-2017 RSV seasons by wGA among infants with A) commercial or B)
Medicaid insurance.

Difference-in-difference model results indicated that the
adjusted risk of all-cause bronchiolitis hospitalization for 29 to
34 wGA infants, overall and by each GA subgroup, compared
with term infants increased in the 2014-2017 RSV seasons
compared with the 2011-2014 RSV seasons (Table 5).

Hospitalization characteristics and costs

As noted earlier, comparisons of hospitalization characteris-
tics and hospital costs between periods are nominal only,
without statistical tests. With one exception (29-34 wGA,
3-<6 months), the mean number of days from birth discharge
to first RSVH and the mean length of RSVH stay were largely
unchanged during the 2 periods for preterm and term infants
in the commercial and Medicaid-insured populations (Table
6). The mean time from birth discharge to first RSVH fell for
infants in the 29-34 wGA, 3-<6 months group, from
112.2 days to 106.6 days in the commercial population and
from 112.0 days to 104.9 days in the Medicaid population.
The proportion of infants admitted to the ICU during an
RSVH was greater for all groups in the 2014-2017 period

compared with the 2011-2014 period (Table 6). Average
costs for RSVH rose among all wGA and chronologic age
subgroups following the policy change; this was also true of
median costs, although the median cost differences across
seasons tended to be smaller than mean costs (Table 6).
Among infants aged <3 months at the time of RSVH, the
mean RSVH costs for preterm infants were more than double
those of term infants (Commercial: 45,891 USD [median
19,747 USD] vs. 18,963 USD [median 10,722 USD];
Medicaid: 27,063 USD [median 9,291 USD] vs. 10,652 USD
[median 4,436 USD]). For infants aged 3-<6 months at the
time of RSVH, hospitalization costs were greater among pre-
term infants compared with term infants. Across both gesta-
tional age groups and insurers, costs were greater among
infants aged <3 months during the RSV seasons than among
infants aged 3-<6 months.

Discussion

In this retrospective analysis of commercially insured and
Medicaid-insured infants aged <6 months during an RSV
season, the utilization of outpatient RSV IP decreased
significantly among preterm infants during the 3 RSV
seasons following the more restrictive AAP policy issued
in 2014 when compared with utilization in the 3 preceding
RSV seasons. After the policy change, the relative risk of
RSVH increased significantly among preterm infants com-
pared with term infants. Among preterm infants, risk
varied by wGA; however, even as the absolute rate of
RSVH decreased among term infants, it was stable or
increased among the subpopulations of preterm infants
included in this analysis, thus widening the risk disparity
between preterm and term infants. Among infants hospi-
talized for RSV, costs were higher for preterm infants than
term infants across all wGA and chronologic age sub-
groups examined.

This study extends our previous analyses conducted using the
MarketScan database and other data sets that have examined the
impact of decreased RSV IP in the first and second RSV seasons
following the policy change.’*** Using the methodology in
Goldstein et al.>® this study demonstrates that the increased
risk of RSVH and all-cause bronchiolitis hospitalization
observed in Goldstein et al’s 2-year pre-/post-study of the
impact of the 2014 AAP policy change remained present when
the observation window was expanded to include 3 years in the
pre- and post-change periods.”® All trends demonstrated in the
Goldstein et al. study were replicated here with a larger popula-
tion and a longer study period, providing further support that
the observed increase in RSVH risk is related to reduced RSV IP
among infants born at 29 to 34 wGA and not reflective of annual
variations in RSV circulation levels or attack rates (both were
removed by comparing preterm to term infants before vs. after
the policy change). There is likely considerable patient overlap
between the Goldstein et al. study and the present study because
both studies used the MarketScan Commercial and Medicaid
databases. However, the Goldstein et al. study had a 2-year pre-/
post-AAP policy change window and occurred earlier with
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Figure 2. Unadjusted rate ratios for (A) RSV hospitalization and (B) all-cause bronchiolitis hospitalization by season for preterm infants aged <6 months by gestational
age relative to term infants aged <6 months. Abbreviations: COM, commercial; MED, Medicaid.

Table 5. Change in RSV hospitalization risk and all-cause bronchiolitis risk from 2011-2014 to 2014-2017 among preterm infants aged <6 months compared with the
change in risk among term infants aged <6 months.

Commercially Insured Infants

Medicaid-Insured Infants

Difference-in- Difference-in-
Difference for Difference-in-Difference for All- Difference for Difference-in-Difference for All-
RSVH (95% Cl) P Value Cause BH (95% Cl) P Value RSVH (95% Cl) P Value Cause BH (95% Cl) P Value
29-34 2.09 (1.58-2.75) <.001 1.93 (1.55-2.40) <.001 1.76 (1.52-2.02) <.001 1.73 (1.54-1.94) <.001
WGA
29-30 1.90 (0.97-3.72) .063 1.72 (1.02-2.89) .040 2.34 (1.71-3.20) <.001 2.25 (1.75-2.89) <.001
WGA
31-32 2.56 (1.76-3.73) <.001 2.32 (1.70-3.16) <.001 1.69 (1.35-2.10) <.001 1.75 (1.46-2.10) <.001
WGA
33-34 1.87 (1.44-2.43) <.001 1.79 (1.44-2.22) <.001 1.37 (1.18-1.60) <.001 1.31 (1.15-1.50) <.001
WGA

BH, bronchiolitis hospitalization.
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Figure 3. All-cause bronchiolitis hospitalization rates with 95% confidence inter-
vals for 2011-2014 and 2014-2017 RSV seasons by wGA among infants with A)
commercial or B) Medicaid insurance.

possibly a different set of data providers than the present study
with a 3-year pre-/post-AAP policy change window.

Our findings are consistent with the limited literature
on this topic. An observational study of infants born at 29
to 35 wGA who did not receive IP and were hospitalized
for RSV found that both gestational age and chronologic
age were inversely related to indicators of RSV severity,
including hospitalization frequency, ICU admission, and
mechanical intervention.'® Studies that have examined the
pooled rate of RSVH among children aged <2 years have
generally reported no change in the hospitalization rate
following the implementation of the revised policy.*®*’
However, these studies did not examine or adjust for
seasonal variations in RSV severity or separately examine
the experience of preterm infants, who were the focus of
the policy change. In studies that have examined the
specific subpopulation of infants for whom the AAP policy
no longer recommended RSV IP, outcomes such as RSVH
rate, mean length of stay, ICU admission rate, mechanical

ventilation use, and hospitalization costs have worsened
following the implementation of the updated RSV IP
policy.l9,21,23,28,29

Limitations

This analysis is subject to many of the limitations common to
claims-based studies. First, claims data are collected for
administrative purposes and are not held to the same rigorous
standard as data collected explicitly for research purposes.
Miscoding and under-coding may introduce bias. As specifi-
cally relates to this study, because the AAP does not recom-
mend routine virologic testing, the true incidence of RSVH
may be underestimated by exclusively using RSV-coded hos-
pitalizations. To account for this possibility, we repeated the
analysis with all-cause bronchiolitis hospitalizations (exclud-
ing hospitalizations with a recent diagnosis of other bronch-
iolitis-causing pathogens) and found the same trends as
observed when the outcome was limited to RSVH. Second,
the databases used in this analysis do not capture information
on inpatient pharmacy utilization; therefore, this study
underestimates the proportion of preterm infants who
received palivizumab, particularly those who were born dur-
ing the RSV season and may have received a dose during their
birth hospitalization. In addition, we captured only whether
palivizumab was received in the outpatient setting and did not
report the number of doses of palivizumab received in this
study. However, there is no evidence that either limitation
biases one time frame more than the other. Third, in some of
the preterm subgroups (e.g., 29-30 wGA), the number of
hospitalizations while aged <6 months was quite small, as
many infants born at this gestational age remain hospitalized
after birth for weeks to months. We also noted a smaller
decrease in outpatient RSV IP among the 29-30 wGA preterm
subgroup. Both of these factors may have contributed to the
result from modeling nearing, but not meeting, statistical
significance. To ensure a robust analysis, we also analyzed
the data by combining all preterm infants affected by the
change in the AAP policy.

In the 2014-2017 RSV seasons, outpatient use of RSV IP
decreased significantly among infants born at 29 to 34 wGA
compared with use during the 2011-2014 seasons. Multiple
US studies of the 2014-2015 and 2015-2016 RSV seasons
have demonstrated an increased risk of RSVH after the
AAP’s 2014 change to the RSV IP policy among otherwise
healthy infants born at 29 to 34 wGA and <6 months
chronologic age; this study demonstrates that this signifi-
cantly elevated risk continued in the 2016-2017 season and
is clearly visible in comparisons of RSVH in the 3 years
before and after the policy change. These data and the
increased risk of RSVH in 29 to 34 wGA infants suggest
that the policy for RSV IP should be realigned with the
original FDA indication for palivizumab. Future studies
should continue to assess the impact of the AAP policy
change among otherwise healthy 29-34 wGA infants who
remain susceptible to severe RSV disease.



Table 6. RSV hospitalization characteristics among preterm and term infants aged <6 months.
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Commercially Insured Infants

Medicaid-Insured Infants

July 2011 to July 2014 to July 2011 to July 2014 to
June 2014 June 2017 June 2014 June 2017
N/mean/ N/mean/ N/mean/ N/mean/
median SD/% median SD/% median SD/% median SD/%
29-34 wGA, <3 months
Number of infants with RSVH 117 130 391 486
Number of RSVH 132 135 416 508
Time from birth hospitalization discharge to first RSVH, mean, days 357 20.7 375 20.5 34.7 19.2 34.8 19.5
Time from birth hospitalization discharge to first RSVH, median, days 35.0 35.5 31.0 32.0
Average length of stay, mean, days 7.3 6.3 7.6 6.8 8.9 1.8 9.8 10.8
Average length of stay, median, days 5.0 5.0 6.0 7.0
Admission to ICU, n 44 37.6% 55 42.3% 183 46.8% 260 53.5%
RSVH costs,® mean $41,480 $60,717  $45891 $70,320 $17,660 $33,954 $27,063  $54,985
RSVH costs, median $15,500 $19,747 $6,600 $9,291
Term, <3 months
Number of infants with RSVH 1,771 863 3,544 2,464
Number of RSVH 1,827 893 3,689 2,553
Time from birth hospitalization discharge to first RSVH, mean, days 439 21.8 44.1 21.8 451 21.6 45.8 21.7
Time from birth hospitalization discharge to first RSVH, median, days 41.0 42,0 44.0 44.0
Average length of stay, mean, days 45 3.0 47 59 4.8 44 5.0 3.9
Average length of stay, median, days 4.0 4.0 4.0 4.0
Admission to ICU, n 261 14.7% 172 19.9% 615 17.4% 572 23.2%
RSVH costs,® mean $14,175  $26,298  $18963  $33,815  $8,889  $35892 $10,652  $29,834
RSVH costs, median $8,382 $10,722 $3,554 $4,436
29-34 WGA, 3-<6 months
Number of infants with RSVH 91 104 247 305
Number of RSVH 93 112 258 315
Time from birth hospitalization discharge to first RSVH, mean, days 112.2 347 106.6 29.1 112.0 324 104.9 30.2
Time from birth hospitalization discharge to first RSVH, median, days 116.0 105.5 111.0 102.0
Average length of stay, mean, days 4.8 6.0 5.4 438 5.6 43 6.1 74
Average length of stay, median, days 3.0 4.0 4.5 5.0
Admission to ICU, n 14 15.4% 22 21.2% 54 21.9% 98 32.1%
RSVH costs,® mean $20,410 $77353  $25,828  $60,740 $8,810 $23,997 $12,906 $68,924
RSVH costs, median $8,344 $12,756 $3,795 $3,821
Term, 3-<6 months
Number of infants with RSVH 848 479 1,866 1,348
Number of RSVH 875 491 1,920 1,391
Time from birth hospitalization discharge to first RSVH, mean, days 131.1 26.8 131.8 26.9 130.5 26.8 130.1 26.4
Time from birth hospitalization discharge to first RSVH, median, days 130.0 130.0 129.0 129.0
Average length of stay, mean, days 3.7 2.1 4.0 3.0 4.1 33 47 5.0
Average length of stay, median, days 3.0 3.0 3.0 4.0
Admission to ICU, n 84 9.9% 73 15.2% 205 11.0% 258 19.1%
RSVH costs,® mean $11,008  $15096 $15467 $23,725  $5598  $20,376  $7,002  $13,345
RSVH costs, median $7,348 $9,544 $3,125 $3,679
?Hospitalizations with $0 cost were excluded.
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