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Background: Respiratory morbidity of former preterm
infants and especially those with bronchopulmonary
dysplasia (BPD) is high during infancy and early childhood.

Data sources: We performed a review based on a
literature search including EMBASE, MEDLINE,
and CINAHL databases to identify all relevant papers
published in the English and German literature on
influenza and respiratory syncytial virus infection
associated with preterm infant, prematurity, and BPD
between 1980 and 2014.

Results: Recurrent respiratory symptoms remain
common at preschool age, school age and even into young
adulthood. Acute viral respiratory tract infections due
to different pathogens cause significant morbidity and
necessitate rehospitalizations during the first years of life.
Influenza virus infection plays a minor role compared to
respiratory syncytial virus (RSV) associated respiratory
tract infection during infancy and early childhood.
Nevertheless, particular morbidity to both viruses is
high.

Conclusions: The particular burden of both viral
diseases in preterm infants is dominated by RSV and its
associated rehospitalizations during the first two years of
life. Prophylactic measures include vaccination against
influenza virus of family members and caregivers and
active immunization starting at the age of 6 months, and
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monthly injections of palivizumab during the cold season
to avoid severe RSV disease and its sequelae.
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Introduction

espiratory morbidity of former preterm infants

and especially those with chronic lung disease

bronchopulmonary dysplasia, BPD) is known
to be high during infancy and early childhood. Acute
viral respiratory tract infections cause significant
morbidity in young children, and this is particularly
the fact for the high-risk group of preterm infants.
Respiratory syncytial virus (RSV) is the main pathogen
involved in lower respiratory tract infections of young
infants (bronchiolitis) and although a vaccine is not
available, prophylaxis with the monoclonal antibodies
palivizumab and motavizumab in high-risk infants
has been established world-wide. Influenza virus is a
common respiratory pathogen responsible for year by
year epidemics including all age groups, and yearly
vaccination is an established method for the prevention
of the disease. Thus, we chose these two pathogens
for a systematic review to define the burden of disease
in the population of premature born infants. Main
characteristics of the viruses are depictured in Table 1.
The review was based on a literature search including
EMBASE, MEDLINE, and CINAHL databases to
identify all relevant papers published in the English
and German language on influenza and respiratory
syncytial virus infection associated with preterm infant,
prematurity, and BPD between 1980 and 2014. In the
following two sections describing respiratory long-term
morbidity and respiratory tract infections in general
in preterm infants, we present data on influenza virus
and RSV and define the burden of diseases. Preventive
strategies for both viruses are discussed.

8 World J Pediatr, Vol 12 No 1 - February 15, 2016 - www.wjpch.com



Prematurity and influenza and RSV disease

Table 1. Characteristics of influenza and respiratory syncytial virus (RSV)
RSV

Characteristics Influenza

Genom Negative single stranded Negative single stranded
RNA, segmental RNA, not segmental
Family Orthomyxoviridae Paramyxoviridae
Types A,B,C A, B
Surface Hemagglutinin, Glycoprotein-G and -F
antigens neuraminidase
Epidemiology Seasonal Seasonal
Wintertime (northern Wintertime (northern
hemisphere) hemisphere)

Severity of the epidemics Severity of the epidemics
varies substantially varies substantially from
from year to year year to year

Incubation time 1-5 d 2-8d

Transmission  Aerosols, large droplets, Large droplets, direct
direct contact contact

Inoculation Upper respiratory tract ~ Upper respiratory tract

Clinical feature Abrupt onset, fever and  Starts as URTI (apneas),
rhinitis signs of respiratory distress

Bronchiolitis
Both in young infants
Recurrent wheezing

Typical feature Sepsis-like illness
Both in young infants

Acute otitis media,
pneumonia

Sequelae

URTTI: upper respiratory tract infection.

Preterm infants with and without BPD and

respiratory long-term morbidity

The rates of rehospitalization of extremely low gestational
age preterm infants (those born before 28 weeks of
gestational age) are several-fold higher than those of term
controls, and the rates of hospital re-admission have risen
as survival rates have increased over time.!"’ Respiratory
illnesses are the most common cause of rehospitalization
in these early years with more frequent occurrence in
those preterm survivors who had BPD. This is also true
for preterm infants of 29 to 36 weeks of gestational age,
but at lower rates.”) Over the years, the rates of hospital
readmission have declined in childhood, and those who
had BPD are no more likely to be readmitted to hospital,
for respiratory or other reasons.”"!

Very prematurely born infants who have recurrent
wheeze have more severe lung function abnormalities,
greater evidence of gas trapping, a higher airways
resistance, and lower tidal breathing parameters."”
Risk factors for increased respiratory morbidity were
BPD, male gender, having older siblings aged less
than five years and living in rented accommodation;
and male gender was a risk factor for every adverse
respiratory outcome. Recurrent respiratory symptoms
remain common at preschool age, school age and even
into young adulthood. Lung function abnormalities are
common during the first two years after birth amongst
infants born very prematurely, but most tend to resolve
with increasing age.

Interestingly, small for gestational age (SGA) infants
who were born very prematurely, despite routine use of
antenatal corticosteroids and postnatal surfactant, were

found to have increased respiratory morbidity at follow-up.
SGA was associated with a higher prevalence of respiratory
admissions, cough, and use of chest medicines."”

Chronic respiratory morbidity is a common adverse
outcome of preterm infants who developed BPD, which
is still a major cause of long-term lung dysfunction with
a heavy burden on health care services and medical
resources throughout childhood.” BPD makes infants
particularly susceptible to lower respiratory tract diseases
in childhood, as well as promoting chronic airflow
obstruction in adulthood, commonly leading to conditions
such as recurrent bronchospasm. The degree of airflow
limitation in the first years of life is a good predictor of
future lung function.”” During childhood and adolescence,
BPD survivors may have respiratory symptoms and
lung function impairments closely resembling those
of asthmatic patients, though they usually reveal some
different features in terms of airway reversibility that is
less noticeable, fewer acute exacerbations and a poorer
response to inhaled corticosteroids."”

Increased pulmonary arterial pressure is common
in infancy in preterm infants who develop chronic lung
disease of prematurity. A recent echocardiographic
study reported that childhood survivors of BPD had
comparable left and right ventricular function at
8-12 years of age to preterm and term-born children,
and no evidence of increased pulmonary arterial
pressure even after hypoxic exposure.”!

Longitudinal studies to follow up preterm infants
into adolescence found a persistently reduced lung
function reflecting airflow limitation.” Although an
improvement in lung function is usually detectable
in children whose clinical condition improves as they
grow older, there may still be signs of poor airway
growth when they reach school age, especially in
children whose respiratory symptoms continue
to recur.”’! Gas transfer also remains abnormal in
young children who have experienced BPD; it is
characterized by a lower than normal gas transfer and
alveolar volume at rest, and their failure to increase
during exercise, suggesting that the alveolar surface
area is reduced.”” At least half of all children with a
history of BPD exhibit laboratory evidence of airway
hyperresponsiveness to direct stimuli and to physical
exercise, even if they have no clinical history of
wheezing or reactive airway disease."”

The long-term effects of BPD are still poorly
understood. Although respiratory symptoms become
milder as they grow up, BPD survivors may reveal
persistent pulmonary abnormalities on computed
tomography scanning. Thus, the long-term respiratory
consequences of a preterm birth may be underestimated
or overlooked by providers of adult healthcare."

A systematic review and meta-analysis on the
association of preterm birth and childhood wheezing
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disorders reported on 30 unique studies involving
1 543 639 children and found an increased risk of
wheezing disorders in unadjusted (13.7% vs. 8.3%;
odds ratio=1.71, 26 studies including 1 500 916
children) and adjusted analyses (odds ratio=1.46, 17
studies including 874 710 children). The risk was
particularly high among very preterm children born
before 32 weeks of gestation.!"!

Preterm infants and respiratory tract infections
Acute viral respiratory tract infections due to different
pathogens including RSV and influenza virus cause
significant morbidity in young children."*"* Hospitalization
rates due to bronchiolitis have been reported to be seven-
fold higher in preterm (below 33 weeks of gestational age)
than full-term infants."” Boyce et al'” found 159.6 RSV
hospitalizations/1000 child-years for preterm infants of 33
to 35 week of gestational age compared to 88.2/1000 for
full-term infants at a chronological age below six months.
The respiratory vulnerability and substantial respiratory
morbidity of moderate and late preterm infants born
between 32 to 36 weeks of gestational age were found
to be comparable to very preterm infants below 32
weeks of gestational age."'”"” Hall et al*” studied RSV-
associated hospitalizations in children under 24 months
of age. The average rate of RSV admission was 5.2 per
1000 children with 79% of the infants being previously
healthy. Only 3% of the RSV cases were related to very
preterm infants (below 30 weeks of gestational age),
but the RSV-hospitalization rate was 3 times higher
compared to full-term infants.

By comparison of outpatient visits due to RSV
infection, Paramore et al”" divided them into several
groups of preterm with full-term infants, the highest rates
were observed among preterm infants with a gestational
age below 32 weeks or those with chronic lung disease.
The rates of outpatient RSV infections ranged between
158.7 and 272.6 visits per 1000 children. Interestingly,
the authors reported on similar rates between late preterm
(33 to 36 weeks) and very preterm infants. A comparison
of the rate of hospitalization for RSV bronchiolitis
between preterm infants born at 32 weeks' gestational
age or less without bronchopulmonary dysplasia and full-
term infants cohort study"™” found significantly higher
rates of wheezing and recurrent wheezing episodes in
preterm infants (below 33 weeks of gestational age) than
in full-term infants. Another study” reported higher
rates of wheezing and similar rates of cough in preterm
infants compared to term infants.

An important aggravating factor for respiratory
morbidity and respiratory tract infection is the presence
of BPD. Approximately 50% of all infants with BPD
will be readmitted to hospital during early childhood.*"

Twice as much rehospitalizations due to RSV infection
in preterm infants with BPD compared with those without
BPD have already been reported.”>*” Hennessy et al”*”
demonstrated that multiple hospital admissions (> 3
episodes) were more likely in preterm infants with
BPD compared with children without BPD in the first
30 months of age. And again higher rates of multiple
rehospitalizations and longer hospital stays have been
found in infants with BPD."

BPD and gestational age <32 weeks have been
mentioned as one of the risk factors in studies focusing
on rehospitalizations during early childhood.?”?"
A significantly increased risk for readmission to the
intermediate and intensive care unit was seen in infants
with gestational age below 32 weeks, moderate to
severe BPD and congenital heart failure, respectively.”"!
Children with the above mentioned risk conditions also
required longer hospital stays and needed more invasive
respiratory support.

Regarding lung function and chronic respiratory
morbidity, differences have been observed in several
studies between preterm infants with and without
BPD and term infants. Hennessy et al®”’ followed up
extremely preterm babies up to 6 years of age and found
higher rates of wheezing and associated respiratory
symptoms in children with BPD compared with those
without BPD and their classmates. In the subgroup with
BPD, a previously higher use of inhalative medication
(steroids and bronchodilators) was found. Vom Hove et
al”” found the similar results including significantly higher
rates of respiratory symptoms and the need for asthma
medication at school-age in the BPD children in contrast
to those without BPD, and other studies®**" revealed
a greater respiratory morbidity in children with BPD
compared with those without BPD. In moderate preterm
infants (32 to 36 weeks of gestational age) compared with
term infants, episodes of cough and wheezing, shortness
of breath, and medication use were found more
frequently at the age of 4 and 5 years.""” An increased
risk for asthma and the need for medical treatment with
inhalative corticosteroids were reported in children born
between 34 to 36 weeks of gestational age, and recurrent
wheezing at the age of 3 years was seen more often in
children with a history of late prematurity in contrast to
those born between 38 to 40 weeks of gestational age."**"!

At the age of 8 to 14 years, evidence of bronchial
obstruction was seen in 83% of children with BPD
and in 23% of those without BPD,”™ and differences
in lung function testing have been reported even at
adolescent age in very low birth weight infants with or
without BPD.”"*" A study"" reported the differences in
lung function testing even in preterm infants born at 33
and 34 weeks of gestational age at a mean age of 8 to 9
years compared with term infants, but other studies™**"
reported divergent results in the BPD group.
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Preterm infants and influenza

Influenza virus, an RNA virus of the orthomyxoviridae
family, is classified into three types A, B, and C. Type
A is responsible for most clinical infections in humans
and also affects many animal species. Type B resembles
about 11% of non-pandemic influenza in humans,
whereas type C causes only mild coryza.*” Influenza
A is further subdivided on the basis of the surface
glycoproteins hemagglutinin (H) and neuraminidase (N).
At least 15 Hs and nine Ns which have been described
constitute major virulence factors. While H mediates
viral binding to cell receptors, N plays an important
part in releasing the virus from the cell following viral
replication.””” Antigenic drift, which resembles minor
changes in surface antigens, contributes to seasonal
epidemics of influenza A, whereas antigenic shift (major
changes in surface antigens) is associated with pandemics.

The 1918 to 1919 pandemic was the first of three
pandemics in the 20th century that was associated
with an increase in neonatal and infant mortality as
well as an increase in preterm delivery.*" Mortality in
those younger than 19 years of age has accounted for
up to 12% of deaths due to pneumonia or influenza
during some influenza epidemics, and, interestingly,
during the 2003-2004 influenza season there were 143
influenza related pediatric deaths documented in the
USA, of whom about 40% were younger than 2 years,
highlighting the high vulnerability of this age group."*”
In countries with increasing rates of day care, attendance
opportunities for exposure and transmission might become
even greater than ever before in preschool children. These
children are at high risk of respiratory infection and may
account for substantial health expenditure.*”

However, both the burden of morbidity of influenza
in childhood and its social impact seem to be substantial.
Iskander et al'* reported in 2009 that in one third (32%)
of families of children with influenza at least one of the
parents developed influenza like illness during admission
or soon after hospital discharge. The parents' disease
resulted in an average of 3.2 days of work absenteeism.

Influenza resembles a significant cause of pediatric
hospital admission,”” with a peak in pre-school
and school age children."*’" The classic clinical
features include high fever, headache, myalgia and
fatigue, whereas only few have signs of pulmonary
involvement.”*"” Some young infants present with
apneic episodes or with a syndrome similar to neonatal
sepsis. If pneumonia follows typical influenza, it
may be a primary influenza pneumonia or secondary
bacterial pneumonia. In comparison, influenza
constitutes an uncommon infection within the first
6 months of life, generally presenting with mild
symptoms only.”" This might presumably be related to
the reduced contact that neonates generally have with
sick adults or children. However, several nosocomial

influenza A infection outbreaks within neonatal units
have been described.”” These outbreaks usually
coincided with epidemics of influenza within the
community. Nevertheless, it was difficult to determine
the source of infection per each case. Studies”"***" on
infants during influenza epidemics reported on high
rates of asymptomatic infections. If infants do manifest
symptoms, the most common ones are abrupt onset
of high fever and symptoms of upper respiratory tract
infection,” " and differentiating from bacterial sepsis
might be difficult by clinical findings."****") The milder
form of illness in infants and newborns has been
attributed to transplacental acquisition of protective
antibodies providing protection for 3 to 6 months
after birth.””*>**) Another protective factor remains
nutritional with breast milk."”

However, epidemic and pandemic influenza is
associated with a significant mortality in infants.™*
Yen et al™ concluded that infants who were premature or
had chronic underlying disease seemed to be at increased
risk for developing severe 2009 HIN1 influenza
infection. This might be valid not only for 2009 HIN1
influenza infections. Mechanical ventilation, twin
pregnancy, gestational age and birth weight were
identified as risk factors for severe infection.”

Glezen et al”®" described an 11-day-old term infant
who died suddenly from pneumonitis presumably
related to influenza A. The infant's mother had
developed influenza A (H3N2) 6 days post-partum.
The infant, however, had no detectable antibodies
against the epidemic virus in his serum. Cunney et al””
reported a 27-week gestation twin died from influenza
A virus-associated hemophagocytic syndrome during
an epidemic. van den Dungen et al®” described a 29-
week gestation infant who developed respiratory illness
on day 17 of life (viral cultures grew influenza B)
with subsequent significant lung injury, neurological
complications and finally death.

A recent study'®" reported the burden of influenza
hospitalizations in infants in a 10-year period (2003
to 2012) from the United States. The authors of the
study found an annual average of hospitalization of
6514 infants with higher rates among infants below
three months of age compared with older infants. Three
quarters of hospitalizations occurred in otherwise
healthy infants, of whom 105 were admitted to the
intensive care unit (ICU) and 45 had respiratory failure.
Risk factors for admission to the ICU included lung
disease (including BPD), cardiovascular disease and
neuromuscular impairment. The prevalence of high
risk conditions increased from 15% in infants below 3
months of age to 38% in infants of 6 to 12 months of
age, and prematurity (14%) was the most commonly
described symptom. Of the eight (0.0025%) deaths
documented, six were among the very young infants.
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Drysdale et al'® prospectively followed up infants
born at <36 weeks of gestational age if they were born
between April and September in 2008 or 2009 outside
the RSV season. In total, 150 prematurely born infants
with a median gestational age of 34 weeks (range: 23-35
weeks) and birth weight of 1880 g (range: 534-3446 g)
were recruited, and 16 had a diagnosis of BPD (oxygen
dependency beyond 28 days). Multiplex real-time reverse
transcription polymerase chain reaction was performed
on the nasopharyngeal aspirates in case of hospitalization
due to respiratory disease for 9 virus types (influenza
A and B, RSV A and B, human metapneumovirus,
rhinoviruses, parainfluenza viruses 1-3). Only one
(0.7%) male infant of 24 weeks gestational age
developed a lower respiratory tract infection (LRTI)
needing hospitalization in which pandemic influenza
A was detected in nasopharyngeal aspirate. The rate
of hospitalization for pandemic influenza A HIN1
virus infection was not significantly different between
premature and term-born infants (0.7% vs. 0.07%,
P=0.12), but a higher rate of hospitalization for other
known viral LRTIs (5.3% vs. 0.6%, P<0.0001), including
RSV LRTIs (3.3% vs. 0.5%, P<0.002) was observed.

Kinney et al'®! determined the frequency and
severity of acute respiratory infections in infants with
BPD following discharge from the neonatal intensive
care unit. Of 30 oxygen-dependent children who were
younger than 2 years, 10 children were hospitalized on
25 occasions for a mean of 37.6 hospital days per child.
Five children were admitted to the pediatric intensive
care unit. Respiratory viruses isolated included RSV
(n=7), parainfluenza 3 virus (n=3), and adenovirus
(n=2). No isolates of influenza A or B were detected.

Influenza virus disease seems to be less severe
compared with RSV disease in newborn infants. We
recently reported that infants hospitalized because
of RSV infection were significantly younger, had
longer hospital stays, a more severe course of disease,
and required supplemental oxygen more often and
with a longer duration of treatment as compared
with those infants with influenza virus infection.!”
Seasonal distribution varied, with RSV associated
hospitalizations peaking in January and influenza virus
associated hospitalizations in February.

There is evidence that influenza strains that infect
the brain can lead to altered cognitive and emotional
behaviors. Influenza-infected mice exhibited cognitive
deficits in a reversal learning version of the Morris
water maze.'”’ At the same time point in which
cognitive impairment was evident, proinflammatory
cytokines [interleukin (IL)-1p, IL-6, tumor necrosis
factor)-a, interferon-a] and microglial reactivity
were increased, while neurotrophic (brain-derived
neurotrophic factor, nerve growth factor) and
immunomodulatory [cluster of differentiation 200,

fractalkine-also known as chemokine (C-X3-C motif)
ligand 1] factors were decreased in the hippocampus
of infected mice. Additionally, influenza induced
architectural changes to hippocampal neurons and
dentate gyrus gave evidence that neuroinflammation
and changes in hippocampal structural plasticity might
underlie cognitive dysfunction associated with influenza
infection. Comparable central nervous system (CNS)
involvement in mice by the inflammatory response in
the lung and in different regions of the brain (brainstem,
substantia nigra, striatum, and cortex) has been
described in case of influenza HSN1 virus infection.'™”
CNS involvement during influenza includes a variety
of syndromes, more often described in children than in
adults, and the major clinical entities are encephalitis or
encephalopathy.”” In etiological studies of encephalitis,
influenza A and/or B have been identified in up to 10%
of pediatric cases. The onset of neurological symptoms is
usually within a few days to a week after the appearance
of the first signs of influenza infection. Fever, decreased
consciousness, and seizures are common signs and
symptoms, and the less commonly seen are focal
neurological signs such as paresis, aphasia, cranial nerve
palsies and choreoathetosis.”” During the 1997 to 2001
influenza A epidemics in Japan, 20 children, mainly less
than 6 years old but without a history of prematurity,
were diagnosed with influenza-associated encephalitis/
encephalopathy, of whom 5 patients (25%) died and 8
(40%) exhibited neurologic sequelae.”

Influenza treatment and vaccination
Preliminary data suggest that oseltamivir is safe and
well tolerated in the treatment of influenza infection
in preterm infants,”’” and 1.0 mg/kg per dose twice
daily produces oseltamivir carboxylate exposure
similar to that in older children receiving 3.0 mg/kg per
dose twice daily.”"! Nevertheless, an association with
necrotizing enterocolitis has recently been reported.”

Receipt of different influenza vaccine during
pregnancy was not associated with increased or
decreased risk of preterm or SGA birth or congenital
malformations.””” These recent findings support the
safety of vaccinating pregnant women against influenza
during the first, second, and third trimesters.

From a cohort of 683 354 young children (age 6 to
23 months) including 7.7% preterm infants collected
over five influenza seasons (2004-2005 to 2008-2009),
vaccine effectiveness was estimated using influenza-
coded ambulatory visits.””” Full vaccination was
associated with a 19% reduction in influenza-coded
ambulatory visits in all children and an 18% reduction
in full-term children, but no benefit was found for
preterm children and partial vaccination.
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Preterm infants and RSV

RSV remains to be the most important cause of acute and
lower respiratory tract infection in infants and children.
Fifty percent-90% of hospitalizations for bronchiolitis,
5%-40% of those for pneumonia, and 10%-30% of those
for tracheobronchitis are caused by RSV."” Nearly all
children become infected with RSV within two years after
birth, and one percent requires hospitalization.” RSV is a
negative, single strained RNA paramyxovirus of the genus
pneumovirus. There are two antigenic subtypes A and B
and two main immunodominant surface glycoproteins,
the F fusion and the G attachment proteins. Although
RSV is considered to be a labile virus, it may remain
infectious on nonporous surfaces for hours. The eyes
and nose are the major routes of inoculation, and viral
replication begins within the respiratory epithelium,
with spread occurring mainly through intracytoplasmatic
ridges between epithelial cells.

There are well-defined high-risk groups, generally
with chronic underlying disorders, in whom infection
with RSV is more likely to progress into severe lower
respiratory tract infections including healthy infants
younger than 3 months of age, premature infants
with or without BPD, infants with hemodynamically
significant congenital heart disease, immunosuppressed
patients, infants with cystic fibrosis, and infants with
neuromuscular diseases.!””*"

The World Health Organization estimates that one
third of the 12.2 million annual deaths in children below
5 years are due to acute infections of the respiratory
tract, with RSV besides Streptococcus pneumoniae
and Haemophilus influenzae being the predominant
pathogens.™ The severity of RSV outbreaks varying
from year to year'” may be in part due to a variation in
circulating strains. RSV has two major antigenic groups,
A and B, with additional antigenic variability occurring
in each group. The most extensive antigenic and genetic
diversity occurs in the attachment glycoprotein G
protein on the surface of the virus, the second one is the
fusion glycoprotein F that is responsible for cell-to-cell
fusion and the formation of syncytia; the latter is up to
95% identical between the two strains."™

The year-to-year and seasonal variations in RSV
activity are key aspects of RSV epidemiology. RSV
peak rates of infection annually occur during the cold
season in temperate climates and during the rainy
season in tropical climates.””” In Europe, RSV related
rehospitalizations of preterm infants mainly were
observed during the winter and spring months ranging
from October to May, peaking between December/
January and March."*>"

Mortality associated with primary RSV infection in
otherwise healthy children is estimated to be 0.005%
to 0.02%, and is approximately 1% to 3% among
hospitalized children.”"””! The risk for RSV related

hospitalization is significantly increased in preterm
infants.”*" The main factors increasing the risk for a
more severe course of RSV disease in preterm infants
include small lung volumes, a reduced lung surface
area, small airways and an increased air space wall
thickness.””’ Additionally, the immune system of
preterm infants is immature resulting in low antibody
titers and a reduced cellular immunity with reduced
virus clearance.” Meert et al®” found that preterm
infants in contrast to term infants were more likely
to present with apnoea, had a higher incidence of
atelectasis/infiltrate and hyperinflation shown by chest
roentgenograms, and experienced longer hospital
stays as well as higher physiologic stability index
and therapeutic intervention scores. Preterm infants
were also more likely to require supplemental oxygen,
intensive care unit admission, mechanical ventilation,
and tube/parenteral feeding. Infants of <2 years old
and prospectively evaluated for hospitalizations due to
viral upper and lower respiratory tract infection over a
two-year period”®" were found to have a significantly
increased incidence of RSV hospitalization when
preterm infants were compared with term infants. RSV
related hospitalization was associated with younger
age, higher lower respiratory illness scores, more days
of hospitalization, oxygen requirement and respiratory
support, and prolonged hospitalization in preterm
compared with term infants.***

Several studies reported a decreased risk of
hospitalization with increasing gestational age.
Observational studies"******'% revealed that the rates
of hospitalization for RSV infection in children born at
or before 32 weeks of gestational age varied between
7% and 13% in contrast to 2%-7% in children born
after 32 weeks of gestational age. In a study including
59 preterm infants below 33 weeks of gestational age
being rehospitalized for RSV infection 25.4% of them
required intensive care unit admission for a median
of six days and 5.1% required mechanical ventilation
for a median of five days.”” A prospective study™®’ on
infants younger than 24 months found 58 (21%) of 281
infants hospitalized for respiratory tract infection being
RSV positive. RSV positive infants were of younger
age (mean 3.5 months), had a higher lower respiratory
illness score, and had more days of hospitalization,
more days of oxygen requirement, and more days
of respiratory support, and those born preterm were
hospitalized a longer period.

Groothuis et al'”” first reported the increased risk
of preterm infants with BPD for RSV related prolonged
hospitalizations, high rates of admission to the ICU, and
the need for mechanical ventilation. In their prospective
study including 30 infants below 2 years of age with a
diagnosis of BPD receiving home oxygen therapy, 11 of
15 hospitalizations were due to an RSV infection. Thirty-
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six percent of the infants were admitted to the intensive
care unit and 18% required mechanical ventilation.

Rates of RSV related rehospitalizations in preterm
infants with BPD were reported to range from 5.6% to
59% with mortality rates between 0 and 8%.***!+1%7]
Table 2 gives an overview of reported rehospitalization
rates in different populations of preterm infants from
selected studies. Of 151 children under 1 year of age
admitted to the pediatric intensive care unit of the
Trousseau Hospital in Paris from 1 January 1996 to 31
December 2003 for the treatment of RSV bronchiolitis
with need for mechanical ventilation, 9.1% needed
extracorporeal membrane oxygenation support."” The
frequency of BPD was significantly higher in children
who required extracorporeal membrane oxygenation
support as compared with those without.

CNS involvement has rarely been described in cases
of RSV infection. In a retrospective review including
3856 patients tested positive for RSV for RSV-RNA by
reverse transcriptase polymerase chain reaction over a
7-year time period, 8 of 28 patients having undergone
magnetic resonance imaging for the evaluation of
neurologic symptoms had positive imaging findings.""”’
After exclusion of non RSV-related pathologies such as
subdural hemorrhage, brain volume loss due to status
epilepticus, periventricular leukomalacia, preexisting
ventriculomegaly, and hypoxic brain injury, the incidence
of RSV-related encephalitis was 0.08% (3 patients). The
presence of RSV proteins and RNA in zones of the brain
such as the hippocampus, ventromedial hypothalamic
nucleus, and brainstem has been demonstrated in RSV
infected mice.!""” Interestingly, one month after disease
resolution, rodents showed behavioral and cognitive
impairment indicating learning impairment caused by
RSV as a result of a deficient induction of long-term
potentiation in the hippocampus of infected animals.

Table 2. Rates of RSV related rehospitalizations in preterm infants with
and without bronchopulmonary dysplasia from selected references

Population N[iltlitirtso f Study years ert\g Eoe/l‘:)o spitalisation
BPD!'™ 30 1985-1986 59.0
BPD™ 124 1992-1994 14.5
BPD!™ 149 1994-1995 17.4
BPD! 53 1998-1999 7.4
BPD™ 53 1998-1999 15.0
BPD!'! 108 1999-2000 5.6
PT12% 584 1998-1999 13.4
PT12% 1029 1992-1996 11.2
PT12% 1249 1994-1999 6.6
PT12% 717 1998-2000 5.2
PT6!™ 510 1994-1995 8.1
PT6!"™ 740 1996-1997 8.1
PT6™" 801 2001-2003 4.5

RSV: respiratory syncytial virus; BPD: bronchopulmonary dysplasia;
PT: preterm (infants); PT12: <12 months of chronological age; PT6:
<6 months of chronological age.

Very recently the rate of apnea in case of bronchiolitis
has been reported to be 5.16% in infants <12 months
of age."""! Predominant pathogens were RSV (33.3%),
rhinovirus (13.7%) and viral coinfections (23.5%),
and main risk factors were young age and a history
of prematurity. In contrast to findings in animal
models, testing of cerebrospinal fluid from infants
with RSV infection with neurological manifestations
for respiratory RNA viruses (including RSV, influenza
A and B, pandemic influenza HIN1, parainfluenza-3,
human metapneumovirus, adenovirus, parechovirus,
and enterovirus) was negative in all patients, supporting
the notion that the mechanism of RSV-induced
neurologic manifestations, including apnea, is not direct
central nervous system invasion."""”

RSYV treatment and prophylaxis with

palivizumab/motavizumab

Therapy of RSV lower respiratory tract infection is
mainly symptomatic consisting of nasal suctioning
and nebulized 3% hypertonic saline, assisted feeding
and hydration, and humidified oxygen delivery in
case of hypoxemia. There is still lack of evidence to
support the use of bronchodilators, corticosteroids,
chest physiotherapy, antibiotics or antivirals in general.
Nebulized adrenaline may be sometimes useful
in the emergency room and in the hospital setting
for treatment as needed."'”! Trials of the antiviral
preparation ribavirin for RSV lack sufficient power to
provide reliable estimates of the effects, administration
is highly difficult, and the substance per se toxic,
thus ribavirin might be used in selected cases having
severe disease and/or pre-existing diseases.”''! RSV
hyperimmunoglobulin was safe and as effective as
standard polyclonal immunoglobulin preparations in
reducing RSV in the nasopharynx, but no treatment
efficacy was observed.""”

The development of a safe and effective vaccine
remains to be an up to date unresolved challenge and
treatment of RSV disease is limited to symptomatic
therapy. Palivizumab is a humanized monoclonal
antibody that provides immunoprophylaxis against RSV
by binding to the "A" epitope of the F glycoprotein.
Two large double-blind placebo controlled trials
including high-risk infants for severe RSV infection
showed a significant reduction of RSV related
hospitalizations: a 55% reduction in 1502 infants
with prematurity and/or BPD"* and a 45% reduction
in 1287 infants with hemodynamically significant
congenital heart disease."'” Palivizumab proved to be
safe by intramuscular injection of 15 mg/kg every 30
days for 5 months according to local epidemiology.""”
Recent data suggest further benefits for palivizumab
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prophylaxis by reduction of recurrent post-RSV
wheezing."""*! Motavizumab, an investigational
monoclonal antibody with enhanced anti-RSV activity
in preclinical studies, showed a 26% relative reduction
in RSV hospitalization in preterm infants with and
without BPD,"" and a 25% relative reduction in
RSV hospitalization in infants with hemodynamically
significant congenital heart disease compared with
palivizumab recipients."*”’ Recommendations for the
use of palivizumab for prevention of RSV infections in
high-risk infants have been published by the American
Academy of Pediatrics'*"’ and been adopted by many
national committees. Recently, cost effectiveness of
palivizumab prophylaxis was demonstrated in very low
birth weight infants!**'*) and those with BPD."* At
least a Cochrane meta-analysis revealed evidence that
palivizumab prophylaxis is effective in reducing the
frequency of hospitalisations due to RSV infection, i.e.
in reducing the incidence of serious lower respiratory
tract RSV disease in children with chronic lung disease,
congenital heart disease or those born preterm."*”

In conclusion, we found the burden of respiratory
morbidity being generally high in former preterm infants
and aggravated in those with BPD. Influenza virus
infection plays a minor role compared with RSV associated
respiratory tract infection during infancy and early
childhood. Palivizumab and motavizumab are monoclonal
antibodies for RSV prophylaxis in preterm infants and
palivizumab prophylaxis proved to be effective in the
prevention of severe RSV disease requiring hospitalization.
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