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Abstract Objective The SENTINEL1 observational study characterized confirmed respiratory
syncytial virus hospitalizations (RSVH) among U.S. preterm infants born at 29 to 35
weeks’ gestational age (wGA) not receiving respiratory syncytial virus (RSV) immuno-
prophylaxis (IP) during the 2014 to 2015 and 2015 to 2016 RSV seasons.
Study Design All laboratory-confirmed RSVH at participating sites during the 2014 to
2015 and 2015 to 2016 RSV seasons (October 1–April 30) lasting �24 hours among
preterm infants 29 to 35 wGA and aged<12 months who did not receive RSV IP within
35 days before onset of symptoms were identified and characterized.
Results Results were similar across the two seasons. Among infants with community-
acquired RSVH (N ¼ 1,378), 45% were admitted to the intensive care unit (ICU) and 19%
required invasive mechanical ventilation (IMV). There were two deaths. Infants aged
<6months accounted for 78%ofRSVHobserved, 84%of ICUadmissions, and91% requiring
IMV. Among infants who were discharged from their birth hospitalization during the RSV
season, 82% of RSVH occurred within 60 days of birth hospitalization discharge.
Conclusion AmongU.S. preterm infants 29 to35wGAnot receivingRSV IP, RSVHare often
severe with almost one-half requiring ICU admission and about one in five needing IMV.
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Respiratory syncytial virus (RSV) is the most common
cause of hospitalization due to lower respiratory tract infec-
tion in infants and young children.1 RSV is estimated to cause
up to 75% of all infant bronchiolitis and 40% of all pediatric
pneumonias.2,3 Preterm (�35 weeks’ gestational age [wGA])
infants andyoung childrenwith certain underlying cardiac or
pulmonary conditions are at high risk of serious sequelae
from RSV infection.4–6 Infants who are born preterm repre-
sent the largest population of high-risk children. Studies
conducted prior to the widespread use of palivizumab
showed that preterm infants had at least twice the risk of
RSV hospitalization (RSVH) and were more likely to require
intensive care unit (ICU) admission and mechanical ventila-
tion compared with full-term infants.4,7,8

Considerable efforts have been made to develop RSV
vaccines for prevention and RSV antivirals for treatment,
but the U.S. Food and Drug Administration (FDA) approval of
such prevention and treatment strategies remains years
away.9–11 RSV immunoprophylaxis (IP) with palivizumab
remains the only FDA-approved intervention for the preven-
tion of serious RSV disease. Based on randomized, placebo-
controlled studies, palivizumab is indicated to prevent ser-
ious lower respiratory tract disease caused byRSV in preterm
infants born at �35 wGA and children �24 months of age
with chronic lung disease of prematurity (CLDP) or hemo-
dynamically significant congenital heart disease (HS-CHD).
In preterm infants without CLDP or HS-CHD, palivizumab
reduced RSVH by 78 to 82%,12,13 an observation confirmed in
a test-negative, case-control effectiveness study.14

The American Academy of Pediatrics Committee on Infec-
tiousDiseases (COID)first published recommendations for the
use of RSV IP shortly after its licensure in 1998 with subse-
quent updates and revisions.15–20 The COID guidance con-
tinues to recommend RSV IP for infants with CLDP and HS-
CHD. In 2014, the COID no longer recommended RSV IP for
preterm infants born at 29 to 35 wGA except for those with
another qualifying medical condition, such as CLDP or HS-
CHD.20 The rationale for the changewas that infants born at 29
to 35 wGA had a rate of RSVH similar to term infants.20 The
2014 COID guidance has been controversial.21 The National
Perinatal Association also issued guidelines in 2014; however,
they recommended broader use of RSV IP than did the COID.22

The purpose of the two-season SENTINEL1 study was to
characterize confirmedRSVHamongU.S. preterm infants born
at 29 to 35 wGA who had not received RSV IP. Results for the
2014 to 2015 RSV season have been reported.23 The current
analysis provides results for an additional RSV season and the
combined two-season cohorts (2014–2015 and 2015–2016),
representing the largest andmost detailed description of RSV-
confirmed hospitalizations among U.S. preterm infants.

Materials and Methods

Study Design
The SENTINEL1 study design has been described pre-
viously.23 A total of 46 sites across the United States parti-
cipated in the two-season observational study (ClinicalTrials.
gov identifier: NCT02273882): Thirty-nine sites participated

in both seasons; four sites participated in 2014 to 2015
(season 1) only; and three in 2015 to 2016 (season 2) only.
The study eligibility period was predefined as October 1
through April 30 in each of the two seasons.

Patient Population and Data Collection

Eligible Infants
Infants were eligible if they were (1) born at 29 to 35wGA (29
weeks, 0 days–35 weeks, 6 days), (2) hospitalized �24 hours
for laboratory-confirmed community-acquired or nosocomial
RSV disease (index RSVH), and (3) aged <12 months at the
time of the index RSVH. RSV diagnosiswas confirmed through
local standard-of-care clinical laboratory testing performed
for thecurrent respiratory illness. Infantswereexcluded if they
had received RSV IP within 35 days before the onset of
respiratory symptoms associatedwith the index RSVH. Infants
meeting the eligibility requirements were systematically
identified prospectively and/or retrospectively at each site.
Deidentified descriptive characteristics were collected for all
eligible infants, including the infant’s gestational age,
birth month, insurance status (public or private), hospital
admission date, hospital length of stay (LOS), need for ICU
admission, ICU LOS, need for invasive mechanical ventilation
(IMV), and survival status at discharge. IMV included intuba-
tion for conventionalmechanical ventilation, continuous posi-
tive airway pressure, extracorporeal membrane oxygenation,
high-frequency oscillatory ventilation, and/or jet ventilation.
All patient care decisions, including admission or transfer to
the ICU and/or need for IMV, were made independently from
the study by the clinical teams caring for the patient.

Enrolled Infants
In an effort to balance the cohort by gestational age group,
parents/guardians of every infant 29 to 32 wGA and every
other infant 33 to 35 wGA were approached to enroll for in-
depth characterization of the RSVH. After obtaining informed
consent from a parent/guardian, detailed data related to the
infant’s RSVH were collected. Infants were eligible for enroll-
ment during the index RSVH (prospective enrollment) or
following hospital discharge (retrospective enrollment). Addi-
tional datawere collected on enrolled infants includingdate of
birth, details of the birth hospitalization, presence of epide-
miological risk factors for an RSVH, details of the index RSV
illness including any prior or subsequent medically attended
encounters, and hospital charges for the index RSVH based on
insurance claim forms or billing records. Given the study-
specific differential enrollment of infants 29 to 32wGAand 33
to 35 wGA, descriptions of these populations were provided
separately. The study was reviewed and approved by either a
local or central (Copernicus Group, Cary, NC) Institutional
Review Board for all participating sites.

Statistical Analysis
Descriptive analyses were performed to characterize infants
with RSVH overall and by gestational age group, for each
season and the combined seasons. Potential bias in the
enrolled population due to parental willingness or ability
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to consent was assessed by comparing the enrolled cohort to
the eligible cohort. Statistical comparisons between gesta-
tional age groupswere conducted using theWilcoxon’s rank-
sum test for continuous variables (hospitalization LOS and
ICU LOS) and the Pearson’s chi-square test for categorical
variables (ICU admission and need for IMV). Testing was two
sided and conducted at the 5% level of significance, with no
adjustment for multiple comparisons. Stepwise logistic
regression was used to identify factors having an impact
on the frequency of ICU admission among the eligible infant
cohorts. Factors from individual univariate analyses with a
p-value <0.2 were considered candidates for the stepwise
analysis. Infants with missing data were excluded from the
analysis. The final multivariate model identified via this
process was also used to analyze the need for IMV. The
distributions of community-acquired RSVH by time from
birth hospitalization discharge, month of birth hospitaliza-
tion discharge, and birth month were also evaluated.

Study Site Characteristics
Sites completed surveys regarding their standard of care for
provision of RSV IP as well as their approach to diagnostic RSV
testing for infants hospitalized with acute respiratory illness.

Results

Eligible Infants
Over the two seasons, 1,398 infants met eligibility criteria.
Among these, 1,378 (99%) had community-acquired RSV
disease and 20 (1%) had nosocomial RSV disease; only the
community-acquired cases were analyzed further (►Fig. 1).
A total of 441 (32%) were born at 29 to 32 wGA, 571 (41%) at
33 to 34 wGA, and 366 (27%) at 35 wGA (►Table 1).

RSVH, ICUadmissions, andneed for IMVweresimilar across
the two studied seasons. During the 2014 to 2015 RSV season,
infants aged <6 months accounted for 78, 87, and 92% of
RSVH, ICU admissions, and need for IMV, respectively; simi-
larly, during the 2015 to 2016 season infants aged<6 months
accounted for 78, 81, and 90% of RSVH, ICU admission,
and need for IMV, respectively (►Supplementary Fig. S1

[available in the online version]). The chronological age
distribution of these outcomes for the combined seasons is
shown in ►Fig. 2. RSVH outcomes (overall hospital LOS, ICU
admission, ICU LOS, and need for IMV) by gestational age
group and by chronological age group are shown in►Tables 1

and 2, respectively. During both RSV seasons, earlier gesta-
tional age combined with younger chronological age was

1,398 study-eligible infants 29 to 35 wGA identified
• 1,378 (99%) with community-acquired RSVH
• 20 (1%) with nosocomial RSVH

• 29 to 32 wGA = 451
• 33 to 35 wGA = 947

Infants eligible to be approached for enrollment
• All 29 to 32 wGA = 451 (100%)
• Every other 33 to 35 wGA = 474 (50%)

Infants not eligible to be approached for enrollment
• Every other 33 to 35 wGA = 473 (50%)

496 (54%) infants agreed to enrollment
• 29 to 32 wGA = 220
• 33 to 35 wGA = 276

429 (46%) infants declined or not approached for 
enrollment

• 29 to 32 wGA = 231
• 33 to 35 wGA = 198

495 (99%) infants 29 to 35 wGA enrolled and 
evaluable

1 (<1%) infant 33 to 35 wGA not enrolled in 
accordance with the every-other enrollment 
scheme was excluded

481 (97%) infants with community-acquired RSVH
• 29 to 32 wGA = 212
• 33 to 35 wGA = 269

14 (3%) infants with nosocomial RSVH

Fig. 1 Study population disposition. RSVH, respiratory syncytial virus hospitalization; wGA, weeks’ gestational age.
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associated with high rates of ICU admission and need for IMV
(►Fig. 3). Two infants with community-acquired RSV died:
one (29 wGA) in 2014 to 2015 and one (30 wGA) in 2015 to
2016. Variables used in univariate analyses and their p-values
are shown in ►Supplementary Table S1 (available in the
online version). Multivariate logistic regression analyses con-
firmed that earlier gestational age and younger chronological
age were independently associated with ICU admission and
need for IMV (►Table 3).

Distribution of RSVH by birth month and gestational age
group is presented in ►Supplementary Fig. S2A and B

(available in the online version). Among all eligible infants
(N ¼ 1,378), 70% of RSVH occurred among infants born
during the months of August through January.

Enrolled Infants
Of the 1,378 eligible preterm infants with community-
acquired RSVH, 481 infants were enrolled for in-depth
characterization of their hospitalizations. Of these infants,
44% were 29 to 32 wGA, 34% were 33 to 34 wGA, and 22%
were 35 wGA. Sociodemographic characteristics and hospi-
tal outcomes were similar among those enrolled and all
eligible infants (►Supplementary Tables S2 and S3 [available
in the online version]).

Of the 481 total infants enrolled over the two seasons, 470
(98%) had a birth hospitalization discharge date available.
Distribution of RSVH based on the month the infants left the
birth hospital is presented in►Supplementary Fig. S3A and B

(available in the online version). Among infants with RSVH,
73% were discharged from their birth hospitalization during
the months of September through February. Among those
enrolled infants discharged from their birth hospitalization
from November 1 through March 31 (n ¼ 267), 46% of RSVH
occurredwithin the first 30 days after being discharged from
their birth hospitalization, and 82% occurred within 60 days.

Hospital charges obtained from the billing records of all
enrolled infants by gestational and chronological age groups
are shown in ►Supplementary Table S4 (available in the
online version). Both chronological age and gestational age
affected RSVH charges (►Fig. 4). Charges were highest
among infants aged <3 months. Infants born at 29 to 32
wGA who were hospitalized when aged <3 months accrued
median charges of $77,209 (range: $3,408–$302,721; inter-
quartile range [IQR] ¼ $125,125) during 2014 to 2015
(n ¼ 40) and $74,030 (range: $6,174–$1,323,095; IQR
¼ $123,850) during 2015 to 2016 (n ¼ 42). The mean hos-
pital charge for both seasons combined for infants in this
chronological age and gestational age group was $122,301.

Table 1 Outcomes of community-acquired RSV hospitalizations among all study-eligible infants by gestational age group

29–32 wGA 33–34 wGA 35 wGA

2014–2015
(n ¼ 237)

2015–2016
(n ¼ 204)

Combined
seasonsa

(n ¼ 441)

2014–2015
(n ¼ 283)

2015–2016
(n ¼ 288)

Combined
seasonsa

(n ¼ 571)

2014–2015
(n ¼ 182)

2015–2016
(n ¼ 184)

Combined
seasonsa

(n ¼ 366)

Hospital LOS, daysb

Median (IQR) 6 (3–12)c 5 (3–10)c 6 (3–11) 6 (3–10)c 5 (3–10) 5 (3–10) 5 (3–7) 5 (3–8) 5 (3–8)

Mean (SD) 10 (10) 10 (16) 10 (13) 9 (12) 8 (10) 9 (11) 7 (11) 8 (11) 7 (11)

Range 1–67 1–188 1–188 1–101 1–85 1–101 1–135 1–113 1–135

ICU admission,
n (%)b

115 (49)d 97 (48) 212 (48) 117 (43)d 137 (48) 254 (46) 56 (31) 88 (48) 144 (40)

ICU LOS, dayse,f

Median (IQR) 8 (3–14) 6 (3–11) 7 (3–13) 6 (3–12) 6 (3–12) 6 (3–12) 5 (3–9) 5 (3–11) 5 (3–10)

Mean (SD) 9 (8) 9 (9) 9 (9) 9 (12) 9 (8) 9 (10) 8 (9) 7 (8) 7 (8)

Range 1–61 1–50 1–61 1–91 1–48 1–91 1–59 1–59 1–59

IMV among all
admissions, n (%)b

58 (24)g 40 (20) 98 (22) 53 (20)g 59 (21) 112 (20) 23 (13) 32 (17) 55 (15)

Abbreviations: ICU, intensive care unit; IMV, invasive mechanical ventilation; IQR, interquartile range; LOS, length of stay; RSV, respiratory syncytial
virus; SD, standard deviation; wGA, weeks’ gestational age.
aStatistical comparisons not available for combined seasons.
bAmong the 702 infants identified during the 2014 to 2015 season, hospital LOS data were available for 678 infants; data pertaining to ICU admission
status and need for IMV were available for 684 infants. During the 2015 to 2016 season, 676 infants were identified and hospital LOS data were
available for 674 infants; data pertaining to ICU admission status were available for 676 infants, whereas data pertaining to need for IMV were
available for 675 infants.

cFor 2014 to 2015, p ¼ 0.001 for 29 to 32 versus 35 wGA; p < 0.05 for 33 to 34 versus 35wGA. For 2015 to 2016, p < 0.05 for 29 to 32 versus 35wGA
(Wilcoxon’s rank-sum test).
dFor 2014 to 2015, p < 0.001 for 29 to 32 versus 35wGA; p < 0.05 for 33 to 34 versus 35wGA. For 2015 to 2016, differences among the GA groups in
the all-identified population were not statistically significant (Pearson’s chi-square test).

eAmong the 288 infants admitted to the ICU during the 2014 to 2015 season, ICU LOS data were available for 284 infants. During the 2015 to 2016
season, 322 infants were admitted to the ICU, and ICU LOS data were available for 321 infants.

fDifferences among the GA groups in the all-identified population were not statistically significant (Wilcoxon’s rank-sum test).
gFor 2014 to 2015, p < 0.01 for 29 to 32 versus 35 wGA. For 2015 to 2016, differences among the GA groups in the all-identified population were not
statistically significant (Pearson’s chi-square test).
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Study Site Standards of Care for RSV Disease
Prevention and for RSV Testing
Study siteswere surveyed about site-specific standard-of-care
approaches toRSV IPuseforotherwisehealthypreterm infants
29 to 35 wGA. Approaches varied substantially across the 43
studysites in the2014 to2015RSVseason. Somesites followed
the 2014 COID guidance, while others adheredmore closely to
guidelines issued by the National Perinatal Association.22

During 2014 to 2015, 40, 21, and 12% of sites reported routine
RSV IP use for infants born at 29 to 31wGA, 32 to 34wGA, and
35wGA, respectively. By 2015 to 2016, 18, 11, and 3% of the 42
sites reported routine RSV IP use for infants born at 29 to 31
wGA, 32 to 34 wGA, and 35 wGA, respectively, suggesting
increased adherence to the 2014 COID guidance. Site-specific
standard-of-care approaches to diagnostic testing for RSV
werealsocollected. Twenty-seven(63%)of the43participating
sites in the 2014 to 2015 season and 26 (67%) of the 39 sites
responding to the survey in the 2015 to 2016 season reported
that diagnostic testing for RSV was routine for all preterm
infants hospitalized with a lower respiratory tract illness.

Discussion

The two-season SENTINEL1 study is the largest study ever
conducted of preterm infants requiring hospitalization for
laboratory-confirmed RSV infection, and it provides a robust,
contemporary, U.S.-specific estimate of the morbidity and
costs associated with RSVH among infants born at 29 to 35
wGA. Our results demonstrate substantial ICU admission rates
and the need for IMVamong preterm infants hospitalized due
to RSVwhowere not receivingRSV IP, particularly during their
first 6 months of life. Despite remarkable advances in the care
of preterm infants over the past two decades, the results of our
study indicate preterm infants have an underlying vulnerabil-
ity to severe RSV disease that has not changed.4,7,8

Additionally, these data demonstrate the substantial
direct medical costs of RSVH and the short interval between
birth hospitalization discharge and subsequent RSVH.
Importantly, among infants discharged from their birth
hospitalization during the RSV season, nearly half of sub-
sequent RSVH occur within 30 days of discharge and 82%
within 60 days. Finally, utilizing month of birth hospitaliza-
tion discharge can enhance risk stratification for prevention
of RSVH, which in turn can help reduce the morbidity and
subsequent costs associated with RSVH.

A strength of our study is that our results can be general-
izable to the United States for the following reasons: (1) our
study involved 46 separate U.S. hospitals, including some of
the largest children’s hospitals in the country; (2) results
observed and reported for the 2014 to 2015 and 2015 to 2016
RSV seasons were similar, supporting the generalizability of
the study findings across RSV seasons; and (3) a comparison
of the detailed data from the enrolled subjects compared
with the eligible subjects revealed that these subjects were
comparable, supporting generalizability.

As demonstrated from decades of available epidemiologic
study reports, earlier gestational age and younger chronological
age are associated with a higher risk of serious RSV dis-
ease.4,6–8,24–28Thisunderscores the significant impactof chron-
ological age on risk of RSVH and stresses the importance of
preventing RSV infection in infants discharged from their birth
hospitalization immediately prior to or during the RSV season.

Studies of preterm infants 32 to 35wGA not receiving RSV
IP demonstrated that these infants had two to three times the
risk of RSVH compared with full-term infants of the same
chronological age, with the riskof RSVH being highest during
thefirst 6months of life.21–23Historically, the COID guidance
recognized that preterm infants 29 to 35 wGA were at high
enough risk to warrant RSV IP in certain circumstances that
varied among iterations of the guidance. The most recent
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COID guidance statement, released in 2014, was the first to
not recommend RSV IP for infants whowere born at 29 to 35
wGA without comorbidities.

Althoughwehave shown that infantswith greater degrees
of prematurity and younger chronological ages suffer sig-
nificantly greater RSV disease severity once hospitalized
compared with infants 35 wGA, a limitation of the SENTI-
NEL1 study is that it does not have a population denominator
and therefore cannot evaluate the absolute incidence of
RSVH. However, other recent studies have provided popula-
tion-based data regarding the RSVH incidence and risk
relative to term infants in U.S. preterm infants born at 29
wGA and later. Separate reports from data collected from
1999 to 2004 and from 2005 to 2011 showed the risk of RSVH
was two- to threefold higher among infants born at 32 to 34
wGA when compared with full-term infants.25,26 A third
report from a prospective study with laboratory testing for

RSV, which included U.S. infants born at 32 to 35 wGA who
were aged <6 months and not receiving RSV IP, demon-
strated a hospitalization rate of 5 per 100 infant-seasons for
RSV disease. Among those infants with the additional risk
factors of daycare attendance or preschool-aged siblings, the
incidence of RSVH increased to 9 per 100 infant-seasons.24 In
each of the three studies described, the risk of RSVH was
highest during the first 6 months of life, consistent with the
SENTINEL1 results presented herein. Additionally, three
recent studies demonstrate the rate of RSVH in infants 29
to 34 wGA compared with term infants has increased since
the release of the 2014 COID guidance.27,29,30

Another limitation of this study is that although hospital
chargesarereported,actual reimbursementamountsmaydiffer.
Hospital charges reportedheredonot includephysician feesand
also do not account for reimbursements that are commonly
negotiated between hospitals and insurance carriers.
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Fig. 3 (A) Percentage of infants born at 29 to 35 wGA hospitalized with community-acquired RSV infection who required ICU admission by gestational
age group and chronological age group for combined seasons. (B) Percentage of infants born at 29 to 35 wGA hospitalized with community-acquired
RSV infection who required IMV by gestational age group and chronological age group for combined seasons. Among 1,378 infants who had
community-acquired RSV disease, data pertaining to ICU admission and need for IMV were available for 1,360 and 1,359 infants, respectively. ICU,
intensive care unit; IMV, invasive mechanical ventilation; RSV, respiratory syncytial virus; wGA, weeks’ gestational age.
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Conclusion

Despite recent advances in neonatal care, RSV disease con-
tinues to cause significant morbidity in U.S. preterm infants
born at 29 to 35 wGA. Hospitalization for RSV infection
frequently involves intensive care. A substantial portion of
infants who need intensive care requires invasive ventilatory
support, further contributing to the high hospital charges
associatedwith this illness. Until newmethods of prevention
are available, RSV IP with palivizumab can reduce the sig-
nificant burden of RSV disease in infants 29 to 35 wGA.
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