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Bronchiolitis resulting from infection with respiratory syncytial virus (RSV) is the most
common cause for hospitalization in infants under one year of age . In the United States,
an estimated 125,000 hospitalizations per year occur for RSV lower respiratory tract
infections in infants *. Children with underlying conditions like premature birth, chronic
lung disease, hemodynamically significant congenital heart disease, neuromuscular
disease, and congenital airway anomalies are considered to be at high risk for developing
RSV lower respiratory tract infections severe enough to warrant hospitalization . As
such, these are the very groups of infants whom the American Academy of Pediatrics
suggests should be considered for immunoprophylaxis against RSV.

Although premature infants comprise only 7.5% of all births in the United States *, they
represent the largest group of infants with an underlying condition that increases the risk
for RSV-related hospitalization. Furthermore, of the approximately 300,000 infants born
in the United States at gestational ages (GA) below 36 weeks in 2001, 74% were born
between 32 and 35 weeks GA *. Immunoprophylaxis against RSV, while effective, is
expensive. For this reason, the American Academy of Pediatrics and other expert panels
recommend limiting the use of immunoprophylaxis to those children most at risk for
severe RSV disease® > 6. Preterm infants < 32 weeks GA are considered candidates for
prophylaxis based on a combination of gestational age and chronological age at time of
onset of the RSV season. Because the “mildly” premature infant group (32 to <36 week
GA) is so large, recommendations for immunoprophylaxis in this group are limited to
situations in which added risk factors increase the likelihood or severity of RSV illness °.
Implicit in these recommendations are the concepts that risk of severe RSV disease
correlates with GA among premature infants, and that outcomes after RSV disease are
better for the mildly preterm infant than for the moderately or severely preterm infant.
Published data, however, do not support these concepts.

Hospitalization rates for RSV

Infants with gestational ages (GA) < 36 weeks comprise anywhere from 12 to 28% of
those hospitalized with RSV infection "''. In a prospective study of 1,516 infants
hospitalized for RSV infection across 9 centers in Canada, 21% were born prematurely
but without other risk factors ®; 12.9% of the cohort (or 62% of all premature infants),
however, was born between 33 and 36 weeks GA'2. Risk of RSV-related hospitalization
does not correlate with GA. Boyce et al retrospectively reviewed all RSV-related



hospitalizations for all children <3 years old covered under the Tennessee Medicaid
program over a 4 year period °. The risk of RSV-related hospitalization for any
premature child <6 months of age was approximately twice that of same-aged children
born at term with no underlying condition, no matter how premature the child was.
Specifically, hospitalization risk was no different among those born <28 weeks GA, 29 to
<33 weeks GA, or 33 to <36 weeks GA.

When mildly preterm infants are hospitalized with an RSV illness, their courses have
been shown to be no better or perhaps worse than those of infants born at younger
gestational ages. In a study that sought to determine whether hospital resource use and
illness outcomes were associated with GA, Horn and Smout retrospectively analyzed
hospital records of 304 children <12 months of age from 9 centers, hospitalized with a
documented RSV lower respiratory tract infection . Of those born prematurely (<37
weeks GA), 28 were <32 weeks GA, 31 were 33 to 35 weeks GA, and 30 were born at 36
weeks GA. Those infants born between 33 and 35 weeks GA had the highest hospital
and ICU length of stay and significantly higher intubation rates than any other gestational
age group, even when comorbidities, severity of illness measures, and site-specific
variations in medical practice were controlled for. The authors concluded that
prematurity, whether 33-35 weeks GA or < 32 weeks GA, is associated with a similar
level of risk of poor hospital outcomes and greater hospital resource use. Furthermore,
there was no evidence of a linear relationship between degree of prematurity and
outcomes or resource utilization; all infants born <35 weeks GA were at a similar
increased risk for more severe disease when hospitalized for an RSV infection.

Health care utilization after RSV hospitalization

Former premature infants with a past history of RSV-related hospitalization also
subsequently utilize more health care resources after that hospitalization than matched
infants never hospitalized for RSV infection. A study from the United Kingdom
described greater numbers of subsequent hospital days, outpatient visits, use of inhaled
bronchodilators, and more medication use in general from 2 to 4 years of age in 33
children with a history of extreme prematurity (< 32 weeks GA) and chronic lung disease
(bronchopulmonary dysplasia, BPD) who were hospitalized within the first 2 years of life
with an RSV illness compared to a matched cohort of 157 children never hospitalized for
RSV disease *.

When only mildly preterm infants with no chronic lung disease have been analyzed,
however, the results are similar. Using hospital discharge data, Sampalis identified 2,415
Canadian infants with a proven or probable RSV-related hospitalization, born between 32
and 35 weeks gestation °. He compared their subsequent health care resource utilization
with that of 20,254 infants matched for gender, GA, and province of birth. All infants
with identified congenital anomalies or history of BPD were excluded. In the subsequent
1 to 4 year (median 2 year) follow-up period, those former preterm infants with a history
of RSV hospitalization required more than twice the number of hospitalizations (2.96 vs.
1.28, p<0.001), longer cumulative hospital stays (14.71 vs. 5.04 days, p<0.001), and
more than double the number of outpatient visits (18.4 vs. 7.54, p<0.001). Furthermore,
during hospital admissions, the group with prior RSV hospitalizations required much



more in the way of resource utilization: they were admitted to special care units 50%
more often, received respiratory therapy services three times more frequently, physician
consults 4 times more often, and had 25% more diagnostic and therapeutic procedures
than did those former preterms without a past RSV hospitalization. Also of note, the
overall mortality rate throughout the follow-up period was 5 times higher in the RSV
hospitalized group (8.1% vs. 1.6%), and the RSV hospitalized group also had a
significantly higher incidence of sudden or unexplained death compared with the controls
(6.1 vs. 0.3%). Together, these findings led the authors to speculate that RSV infection in
the 32 to 35 week gestation infant might affect the infant’s overall health and have
consequences beyond the respiratory system. They also noted that health care costs
associated with RSV hospitalizations in mildly premature infants extend well beyond
those associated with the initial hospitalization.

Recurrent episodes of wheezing or the development of asthma, which can also increase
long term costs and health care utilization, have been associated with RSV infection in
infancy '®. A recent international prospective study among former premature infants
between 24 and 35 weeks GA without BPD or congenital heart disease sought to
determine if palivizumab immunoprophylaxis could reduce the incidence of subsequent
recurrent wheezing or asthma '’. The treatment group consisted of 191 former preterm
infants who received at least 3 doses of palivizumab in the first 12 months of life.
Controls were matched for chronological and gestational ages, and did not receive
immunoprophylaxis. The control (untreated) group included 230 infants, 76 of whom
had been hospitalized for an RSV illness and 154 who were not. Over the 2 year follow
up period, proportionally fewer children in the palivizumab treated group experienced
episodes of recurrent wheezing (49% relative reduction) or physician-diagnosed recurrent
wheezing (51% relative reduction) (p < 0.01). When the groups were stratified by
gestational age, the relative risk of recurrent wheezing was similar among those <29
weeks GA, 20 to 32 weeks GA, and > 32 weeks GA. The numbers of subjects in each
stratum was small, however, limiting statistical power. For all groups, the rate of
recurrent wheezing and GA were inversely related. Of note, in a logistic regression
model, each week increase in GA was associated with an 11% to 21% reduced risk of
recurrent wheezing, independent of palivizumab treatment. Nevertheless, this study
introduces an important consideration when costs and benefits of immunoprophylaxis are
debated for mildly preterm infants. Clearly, studies evaluating the long-term effects of
immunoprophylaxis involving larger numbers of mildly premature infants will be
required to determine whether or not substantial long-term morbidity can be prevented in
this group.

Risk of severe RSV disease

To determine which infants are most at risk for hospitalization from an RSV infection,
two different issues must be considered: 1) which factors increase severity of an RSV
illness once infection occurs; and 2) which factors increase the risk to a particular infant
of acquiring an RSV infection. The two most often cited reasons for the observed
increased severity of RSV disease in otherwise healthy former premature infants are
reductions in lung function and a poor immune response. Infants born <36 weeks GA
with no lung disease demonstrate lower forced expiratory flows in the first months of life



'8 and the reduction in forced expiratory flows persists at 1 year of age "°. These

findings suggest that the airways of infants born prematurely are narrower than those of
term infants, and that airway size or function does not normalize at least over the first
year. Of interest, infants whose mothers smoked during pregnancy have been found to
have lower lung function over the first year of life when compared with matched infants
whose mothers never smoked ***!. The combination of premature delivery and prenatal
tobacco smoke exposure thus may have especially deleterious effects on postnatal lung
function.

We also know from epidemiological studies in healthy term infants that those who are
born with low lung function are more likely to demonstrate wheezing illnesses when
challenged with viral infections ** *. Similarly, among 71 infants with BPD evaluated
retrospectively, a value of forced expiratory flows <60% of predicted (approximately -1 z
score) was significantly associated with RSV hospitalization (p=0.001), with an odds
ratio of 16.8 (2.1, 135.6 CI) **. Furthermore, when applying a forward stepwise logistic
regression, a Z score for forced expiratory flow < -2 was the strongest single factor
associated with hospitalization. Reduced lung function in otherwise healthy premature
infants, then, can increase the risk for significant airway obstruction in the setting of an
RSV infection **. It is also possible that those mildly premature infants with the greatest
reduction of airway function at baseline are also those at greatest risk for severe RSV
disease, although this concept has not been studied in the mildly premature population.

Immune function is also altered by premature birth. Transfer of maternal antibodies
occurs during the third trimester. Premature birth decreases the opportunity for such
transfer, and results in a reduction in antibody levels in even the mildly premature infant;
total IgG levels in 32 — 35 week GA infants are approximately half of that found in term
infants *°. Cell mediated immunity may also be impaired in those infants who develop
severe RSV disease *’. Some other factors that have been associated with more severe
RSV disease after infection include low birth weight (independent of GA) **, young age
at the onset of the RSV season *°, and pre- and post-natal tobacco smoke exposure "'

Some of the factors that have been associated with an increased risk of acquiring an RSV
infection in all infants include day care attendance *, crowded living conditions *% ¥,
presence of school-aged siblings in the home °, and birth near the onset of the RSV
season °. Similar factors were noted in a study that confined the population to premature
infants <33 weeks GA **. More recently, two groups of investigators sought to identify
those risk factors for increasing the likelihood of RSV-related hospitalization in infants
born with a history of mild prematurity.

Law and coworkers conducted a prospective, multicenter cohort study over two
consecutive RSV seasons, capturing infants across Canada of 33 to 35 6/7 weeks GA
born between November 1 and April 30 ' Infants who received RSV
immunoprophylaxis were excluded from the study. Of the 1,860 infants enrolled, 1,784
(97.4%) were discharged from the nursery before or during the local RSV season and
1,832 (97.8%) were followed for at least 1 month. Epidemiological information was
collected at enrollment and then monthly. During the follow-up period, 950 infants



experienced at least 1 respiratory illness. Of those, 140 required hospitalization for a
lower respiratory tract infection: 66 (3.6% of the entire cohort) had a proven RSV
infection, 30 tested negative for RSV, and 44 were not tested for RSV and so were
excluded from further analysis. When those infants hospitalized for RSV disease were
compared with those never hospitalized (n = 1,692), univariate analysis demonstrated the
following factors each to be significantly associated with risk of RSV hospitalization:
birth in the first half of the RSV season (November to January); male gender; birth
weight <10™ percentile for GA; preschool-aged siblings attending day care; crowded
living conditions, with >5 people in the household, including the infant; day care
attendance of the index case; absence of breastfeeding; and at least 2 smokers in the
home. Using these factors, stepwise logistic regression analysis yielded a final model
with 5 independent predictors of risk for RSV hospitalization (OR; 95% CI): birth in the
first half of the RSV season (4.88; 2.57,9.29); male gender (1.91; 1.10,3.31); small for
gestational age (2.19; 1.14,4.22); day care attendance (12.32; 2.56,59.34); preschool aged
siblings (2.76; 1.51,5.03); > 2 smokers in the home (1.71; 0.97, 3.00); and >5 individuals
in the home (1.69; 0.93,3.10). One limitation of the study was the limited power
resulting from the relatively small number of infants hospitalized for an RSV illness, with
possible underestimation of this number because of the 44 infants not tested.
Additionally, most subjects lived in urban areas, limiting generalizabilty for more rural
populations. Finally, the reported socioeconomic status of study families was higher than
average, a fact that could have reduced the risk for RSV illness based on previous studies

A similar study to detect risk factors for RSV hospitalization in mildly premature infants
was conducted in Spain **. Investigators conducted a prospective multicenter
case/control study among 33 — 35 6/7 week GA preterm infants over a single RSV
season, using ~2 retrospective controls per case. A total of 186 infants were discharged
from a participating center and then rehospitalized for a proven RSV illness, and 371
control infants were enrolled after the RSV season, never having been re-hospitalized.
Infants with underlying heart or lung disease, as well as those who received RSV
immunoprophylaxis, were excluded from the study. There were no perinatal events that
affected subsequent risk of RSV hospitalization. Univariate analysis demonstrated
significant associations between risk of RSV hospitalization and: age at the start of the
RSV season; breast feeding < 2 months; prenatal tobacco smoke exposure; school aged
(>3 years old) sibling; crowded living conditions with >4 individuals or habitual visitors
in the home; presence of furred pets; family history of wheezing or eczema; and low level
of parental education. Only 3 of the case infants and <5% of the total study population
had attended day care, so its effect on RSV hospitalization could not be determined. The
logistic regression analysis performed using these factors, adjusted for medical center,
resulted in a model that showed a significant relationship between RSV hospitalization
and (OR; 95%CI): absolute chronological age < 10 weeks at onset of the RSV season
(3.95; 2.65,5.90); breast feeding < 2 months (3.26; 1.96,5.42); > 1 school aged sibling
(2.85; 1.88,4.33); 4 or more residents/visitors in the home, excluding the infant and
school aged siblings (1.91; 1.19,3.07); and family history of wheezing (1.90; 1.19,3.01).
The authors calculated that if 2 risk factors were present in a particular infant, the risk of
experiencing an RSV-related hospitalization would be increased between 3.62 and 12.87



times. While tobacco smoke exposure was not found to be a significant risk factor in the
multivariate analysis, there had been a reduction in exposure to tobacco smoke at home in
Spain from 52% to 30% over the course of the study, which may have altered the impact
of secondhand tobacco smoke.

Summary

These studies, in general, confirm many of the risk factors that have been identified for
RSV hospitalization in other populations of children ** to be important for infants with a
history of mild prematurity as well. Taken together, they suggest that young age at the
beginning of the RSV season, crowded living conditions, and presence of preschool or
school aged siblings all increase the risk for an RSV-related hospitalization in mildly
premature infants. What is unique about the 32 — 35 week preterm infant? The mildly
premature infant is likely to be discharged at an earlier chronological age from the NICU
than more premature infants, and so will be exposed at a younger age to community
pathogens like RSV. At the same time, the mildly preterm infant still has reductions in
lung function and immune function similar to those of more premature infants. The
mildly preterm infant with no underlying conditions is also viewed as healthy, and so
may be more likely to be placed in a day care environment than a severely preterm infant
who may still be viewed as fragile after discharge from the nursery.

Expert panels recommend limiting the use of palivizumab in mildly preterm infants
because of its cost and because 32 — 35 week GA infants represent the largest group of
premature babies. Emerging data suggest that mildly preterm infants not only have a risk
of RSV-related hospitalization equal to that of more severely premature infants, but that
they also have similar or worse hospital courses than more premature infants and also
experience long-term morbidity after RSV-related hospitalization. Until the true cost of a
severe RSV illness, including subsequent morbidity and associated health care resource
utilization can be determined, however, immunoprophylaxis in this group will continue to
be limited. Certainly, reminding parents to wash hands, to limit the infant’s exposure to
sick people and crowded environments during the RSV season, to avoid exposure of the
infant to secondhand tobacco smoke, to avoid placement of the infant in day care if
possible, and to encourage breastfeeding as long as possible all can do much to reduce the
infant’s risk of acquiring an RSV infection. Similarly, those mildly premature infants
who are > 3 months of age at the onset of the RSV season, who do not have siblings, will
not be placed in day care, will not be exposed to secondhand tobacco smoke, and who are
being breast fed do not have the greatest risk factors for acquiring an RSV infection, and
probably should not be in the group targeted for immunoprophylaxis. There are
compelling data, however, to support the use of immunoprophylaxis in those otherwise
healthy mildly premature infants who are at increased risk to acquire an RSV lower
respiratory tract infection.
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