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1 Introduction

The vast majority of upper and lower respiratory tract
infections in children have a viral etiology. Respiratory
syncytial virus ( RSV) is the most common causative
agent of this acute illness, principally affecting the re-
spiratory system and varies in severity of duration.
RSV is responsible for 50% —90% of hospitalizations
for bronchiolitis and 25% for pneumonia. Premature
infants less than 32 weeks and infants with anomalies,
such as chronic respiratory insufficiency ( bronchopul-
monary dysplasia or chronic lung disease) and hemo-
dynamically significant congenital heart defects, are
some of the subsets of neonates particularly likely to
contract RSV infections. Prophylaxis for these groups
has been extensively studied and is supported by clini-
cal guidelines in many parts of the world''?’. Although
infants > 32 weeks gestational age are less likely to
have adverse health outcomes than their more prema-
ture counterparts ( <32 weeks) , they are still at grea-
ter risk for RSV infections than infants born at term.
Available evidence suggests that late preterm infants if
admitted with RSV may suffer from serious adverse
clinical outcomes. The practice of RSV immunoprophy-
laxis appears to be different from country to country
and nonexistent in many countries from third world.

The most common cause of hospitalization and re-
hospitalization in low and very low birth weight pre-term
infants is lower respiratory tract infection, a significant
part of which is due to RSV infection. The incidence of

hospitalization for RSV-related lower respiratory tract in-
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fections in infants born between 33 —35 weeks gestation
varies from 1.8% -9.8 %7,

proximately the same as for infants with no underlying

This incidence is ap-

medical conditions born between 29 weeks and 33 weeks

“8) RSV hospitalization in infants of 33 to

of gestation
35 weeks of gestation is associated with greater intensive
care unit (ICU) and hospital length of stay, higher
rates of medical complications, higher intubation rates
and higher healthcare costs than infants in any other
gestational age group'’’. A Canadian study has also
shown that RSV hospitalization in infants born between
32 and 35 weeks of gestation is associated with an in-
creased risk for morbidity and mortality and increased
health care resource utilization'’.

In a prospective study of over 1500 infants admitted to
Canadian Children’s Hospitals with RSV-related lower re-
spiratory tract infection, infants between 33 —36 weeks of
gestation and without other risk factors, comprised 12. 9%

of this cohort' """,

When compared to infants born at
term, those born between 33 and 36 weeks of gestational
age at the onset of the RSV infection had a significantly
higher incidence of apnea, an increased requirement for
supplemental oxygen, intensive care management and me-
chanical ventilation support, and consequently longer du-
ration of hospitalization.
2 Review of available studies on late pre-
term infants

In this paper we will discuss the current recommenda-
tions for RSV prophylaxis using the humanized mono-
clonal antibody product ( palivizumab, SYNAGIS® ),
and review two more recent studies, which analyzed the

risk factors associated with hospitalization for infants be-
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tween 33 —35 weeks gestation with RSV disease.
Prophylaxis with palivizumab for this age group has
not been widely recommended by expert committees in
Canada and the United States, despite data showing an
80% reduction in hospitalization rate in infants born

" The 33 - 35

weeks gestation cohort comprises 3% —5% of the an-

between 32 — 35 weeks gestation age'

nual birth cohort in Canada, and would constitute a
large number of infants eligible for prophylaxis. The
committees have instead proposed criteria based on the
impact and risk of seriousness of the RSV illness. The
Canadian Pediatric Society currently recommends that
infants 33 through 35 weeks gestation receive prophy-
laxis only if they reside in remote northern areas of the
country, because of the need for emergency medical
transportation to tertiary care centers in the event of a
severe RSV illness' ™.

The American Academy of Pediatrics guidelines rec-
ommend limiting prophylaxis to infants with 2 or more of
the following risk factors: child care attendance, school-
age siblings, exposure to environmental air pollutants,
congenital anomalies of the airways or severe neuromus-

[14]

cular disease' "'. Guidelines in Italy, Poland, Spain,

Japan and some Latin American countries also recom-

mend RSV prophylaxis for children of 33 to 35 weeks

U518 The risk factors in-

gestation based on risk factors
cluded vary from one country to another, and include:
hospital discharge after birth during the RSV season,
low birth weight, exposure to passive cigarette smoke,
absence of breast-feeding, multiple birth, daycare at-
tendance, crowding at home and school-age siblings.

A more recent study published by Law et al®' in
Canada also showed that infants born at 33 - 35 weeks
of gestation may be at risk for severe RSV infection if
certain risk factors are present. To identify the risk fac-
tors and determine the burden of illness, this multi-cen-
ter study prospectively followed a cohort of infants born
between 33 and 35 completed weeks gestation through
two RSV seasons, 2000 —2001 and 2001 —2002. Base-
line data were collected by face-to-face interviews with
parents and review of medical records. The incidence of
respiratory tract illnesses was monitored and cases were
followed by monthly telephone calls to parents until the
end of the relevant RSV season. The medical records

were reviewed for emergency room visits and hospitaliza-

tions. The study enrolled 1860 subjects, of which 1832
(98.5% ) were evaluated.

Of the infants followed through two RSV seasons, 140
(7.9% ) infants were hospitalized for various respiratory
tract illnesses, and 66 (3.8% ) infants had proven RSV
infection confirmed by laboratory testing'. The risk fac-
tors for RSV hospitalization were determined by stepwise
logistic regression analyses. The independent predictors
for RSV hospitalization were; (1) subject attending day-
care (OR 12.32, 95%CI 2.56 —59.34), (2) November
through January births (OR 4.88, 95% CI 2.57 -9.29) ,
(3) preschool age siblings (OR 2.76, 95% CI 1. 51 -
5.03), (4) birth weight < 10th percentile (OR 2.19,
95%CI1.14 -4.22), (5) male gender (OR 1.91, 95%
CI'1.10-3.31), (6) two or more smokers in the dwell-
ing (OR 1.71, 95%CI 0.97 -3.00) , and (7) the num-
ber of people in the household > 5 including subjects
(OR 1.69, 95%CI 0.93 —3.10) (Table 1). Interesting-
ly, a family history of eczema appeared to be protective
(OR0.42,95% CI 0.18 —0.996). The authors of this
study concluded that these specific host and environmen-
tal factors can be used to identify the 33 —35 weeks gesta-
tional age infants who are at greater risk for RSV-related
hospitalization, and thus may benefit from palivizumab
prophylaxis'*’.

A case-control study was conducted by Figueras-
Aloy et al''”’. In Spain to identify the risk factors asso-
ciated with RSV-related hospitalization of premature in-
fants born at 33-35 weeks gestation. This study was
conducted during the RSV season of October 2002 to
April 2003. The authors prospectively followed 186
children hospitalized with RSV-infection ( the cases)
and 371 age-matched controls in 50 participating Span-
ish health institutions. Among the cases, 20.5% were
admitted to the ICU, 7.6% required mechanical venti-
lation and no deaths were reported. Logistic regression
analyses adjusted for medical center demonstrated that
the risk factors associated with RSV-related respiratory
infection requiring hospitalization in pre-term infants of
33-35 weeks gestation in Spain included; (1) the ab-
solute chronological age at the start of the RSV season,
i. e., born between July 15 and December 15 ( OR
3.95,95% CI2.65-5.90); (2) breast feeding for
2 months or less (OR 3.26, 95% CI1.96 -5.42) ;

(3) presence of one or more school-age siblings ( OR
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2.85,95% CI1.88 -4.33); (4) 4 or more resi-
dents and visitors at home, excluding the school-age
siblings and the subject (OR 1.90, 95% CI 1. 19 -
3.07); and (5) a family history of wheezing ( OR
1.9,95% CI1.19 -3.01) (Table 2). They conclu-
ded that for premature infants born between 33 — 35
weeks gestation in Spain, these risk factors can be
used to identify those who are at increased risk of RSV-
related hospitalization.

Both these studies have inherent limitations. In the
Canadian study, several of the risk factors identified
were also found in more premature infants, not unique
to the infants at 33 — 35 weeks gestation. The parents
of the studied cohort tended to be better educated and
reported higher household incomes than the Canadian
average. At least 44 infants hospitalized for respiratory
tract infection were never tested for RSV, and only
those 66 cases with a positive laboratory test for RSV
were used in the analysis. It is possible that if all in-
fants were tested, an additional 20 or more cases of

RSV might have been identified, strengthening the

study. This small sample may have limited the statisti-
cal power to detect additional significant risk factors.
The Spanish study used a case-control study design,
where it is difficult to ensure consistent medical prac-
tices across participating sites and to find an appropri-
ate control group. While these may have potentially in-
troduced bias, the authors took steps to minimize
these. In both studies, the observed RSV hospitaliza-
tion rates and morbidity were similar, and comparable
to other publications.

Based on the Canadian study, the investigators have
pursued the development of a predictive scoring tool to
assist clinical decision-making in determining the in-
fants at greatest risk of RSV hospitalization, and who
may benefit the most from RSV prophylaxis. Each one
of the variables in the final logistic model was classified
as present or absent using a dichotomous scale. Details
on the methodology employed for the development of
this tool are the subject of a separate publication, cur-

rently under review.

Table 1 Predictors for RSV hospitalization identified in the Canadian study"’

Risk factor OR ( 95%CI) P value
Subject attending day-care 12.32( 2.56 —59.34) 0.002
November through January births 4.89(2.57-9.29) <0.001
Preschool age siblings 2.76(1.51-5.03) 0.001
Birth weight < 10th percentile 2.19(1.14-4.22) 0.002
Male gender 1.91( 1.10 -3.31) 0.020
Two or more smokers in the dwelling 1.71(0.97 -3.00) 0.064
Number of people in the household >5 including subjects 1.69(0.93 -3.10) 0.088
Family history of eczema 0.42 (0.18 -0.996) 0.049

Table 2 Risk factors for RSV hospitalization identified in the Spanish study'"”’

Risk factor OR ( 95%CI) P value
Born between July 15 and December 15, 2002 3.95(2.65-5.90) <0.001
Breast feeding for 2 months or less in total 3.26(1.96 -5.42) <0.001
Presence of one or more school-age sibling 2.85(1.88-4.33) <0.001
4 or more residents and visitors at home 1.91( 1.19 -3.07) 0.007
Family history of wheezing 1.90(1.19 -3.01) 0.007

# Medical Center is the Stratum Variable

3 Discussion

The treatment of infants with RSV infections has al-

ways been directed to relieving symptoms. In 1986,

the United States approved Ribavirin, the only antiviral
drug indicated for the treatment of RSV infection.
However, its use has been controversial as its efficacy
is not only clinically questionable, but it is also diffi-

cult to administer. Additionally, Ribavirin may be mu-
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tagenic, and has also been referred to as teratogenic.
Its use has been very limited, if not discontinued.
Many unsuccessful attempts have also been made to de-
velop a vaccine against RSV. However, this did not
bear fruit as of yet. Not only did developed vaccines
not prevent RSV infection, but vaccinated infants were
more likely to be inflicted with even more severe dis-
ease during the next infection.

The most successful strategy for the prevention of
RSV infection has been the use of passive immuniza-
tion. The first specific hyper-immune gamma-globulin
developed was RSV-IGIV ( RESPIGAM™ ), which
contained polyclonal antibodies obtained from human
plasma, and which required intravenous administration
and close monitoring. This product was found to be
safe , and was also found to reduce the number of RSV-
related hospitalization in infants by 41% "), However,
the usefulness of RESPIGAM™ was limited due to the
fact that its administration required an intravenous infu-
sion over 2 —3 hours in an out- or in-patient setting,
along with careful monitoring. Since the antibodies of
RESPIGAM™ are of human origin, they interfered with
the live vaccine (MMR) routinely administered at 12
months of age in Canada. In addition, the volume of
administration was potentially harmful to a child with
cardiac , lung or renal disease who required fluid restric-
tion. As a result of these limitations, RESPIGAM™ is
no longer available in Canada.

A humanized monoclonal antibody against RSV,
palivizumab ( SYNAGIS®) has been available around
the globe since 1998. SYNAGIS® is the only preven-
tive treatment against RSV currently available in Cana-
da. Since it is not derived from human plasma, it does
not present any risk for the transmission of infectious
agents, nor does it interfere with routine MMR or vari-
cella vaccination. To date, a large number of infants in
Canada with risk factors for severe RSV infection have
received prophylactic treatment with SYNAGIS®. The
ongoing monitoring of these infants has revealed very
few side effects from its administration.

3.1 RSV infection in NICU

During a period of 30 years in NICU at Royal Uni-
versity hospital three episodes of RSV infections have
occurred. All these infections were on late pre term in-

fants between 33 to 35 weeks gestational age. Typically

the presentation was with temperature instability, epi-
sodes of periodic breathing and apneas particularly
strings of apneas with increasing intensity, cough, de-
saturation, oxygen dependency, chest X-ray findings of
pneumonitis with a positive history of visitation from
family with cold. In situations like this immediate re-
sponse with isolation, confirmation of diagnosis with
nasopharyngeal wash and cohorting of exposed infants
with contact precautions are mandatory to prevent the
occurrence of epidemics in the nursery. The apneas
and desaturation can be severe needing high flow (1 to
3 liters of air oxygen mix) , CPAP or mechanical venti-
lation.

With respect to preventing RSV-related hospitaliza-
tions in infants born between 33 — 35 weeks gestation,
there are currently no published Canadian guidelines
(or recommendations ) for the use of palivizumab in
this population based on host/environmental risk fac-
tors. The two publications reviewed in this paper pro-
vide evidence that certain risk factors are associated
with an increased likelihood for RSV-related hospitali-
zations in this subset of premature infants, possibly to a
level comparable to other very low birth weight infants
and children with cardiac and pulmonary anomalies for
which palivizumab prophylaxis is currently provided in
Canada.

3.2 Use and cost of palivizumab

In Canada infants born between 33 —35 weeks ges-

tation during November and January are screened using

a validated risk scoring tool (point system)' ™', Over

the last year, the Canadian Blood Services ( CBS)
have approved requests of palivizumab more regularly
for these 33 — 35 weeks gestational-aged infants under
the ‘other’ category on the CBS reimbursement form,
providing the treating physician supplies a letter justif-
ying the request. At present, the CBS is prepared to
modify their pre-approval reimbursement form to in-
clude specific risk factors for these infants, following
publication of expert RSV prophylaxis guidelines speci-
fying these recommendations. Therefore, it would be
helpful for clinicians if expert pediatric and infectious
disease committees would update the RSV prophylaxis
guidelines for infants in the 33 — 35 weeks gestational
age category to include the recent evidence now availa-

ble on these infants. This would help provide the impe-
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tus for better utilization of resources. Currently in Can-
ada, different provinces (notably, Quebec and British
Columbia ) have already adopted specialized RSV
prophylaxis strategies based on risk factors to protect
these infants, and other jurisdictions in Canada are al-
so starting to develop their own particular policies for
the 33 — 35 weeks gestational age group ( Calgary for
instance). A uniform approach is therefore necessary
to ensure consistent and equitable clinical practice
across Canada, which would help to reduce RSV-relat-
ed hospitalization in this unique and vulnerable popula-
tion, particularly as we enter into another RSV season
in Canada. Most European countries follow American
Academy of Pediatrics guidelines for RSV prophylaxis.
The mean cost of Palivizumab per child in Italy is ap-
proximately 6300 Euros. In Canada the average cost
per child per season is estimated to be 7500 dollars.
Many clinics pool vials and cohort infants in an attempt
to reduce the high cost. To our knowledge palivizumab
is not available in mainland China, however it is avail-

able in Honkong.

4 Summary

RSV prophylaxis is not routine in infant born 33 to
35 weeks gestation. Risk scoring tool can be utilized to
identify infants that have significant chance for hospi-
talization. Premature birth is a leading cause of infant
mortality and chronic pulmonary morbidity, therefore
prevention of RSV hospitalization through immune

prophylaxis in late preterm infants appears attractive.
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