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ABSTRACT

This retrospective cohort study examined risk factors associated with RSV-
associated hospitalization (RSV-H) among infants born 32 to 35 weeks gestational age in
Nova Scotia. Results were used to develop a clinical instrument (RSV-H scoring tool)
that would discriminate between infants at high, moderate and low risk for RSV-H.
Identifying the highest-risk infants, (using baseline information to predict RSV-H in the
first year of life), would help target cost effective prophylaxis by Palivizumab (Pz), an
expensive RSV-specific monoclonal antibody. Significant risk factors, determined by
multivariate logistics, included infants born in December, January or February, passive
household smoke exposure and household crowding. The scoring tool produced similar
RSV-H post-test probabilities (3.1% pre-test probability) between risk groups (5.5% vs.
5.8%) and was unable to target highest risk infants. The tool could be used as an
educational guideline for health professionals, outlining the importance of significant risk

factors for RSV-H to parents and caregivers.
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CHAPTER 1: INTRODUCTION

Human Respiratory Syncytial Virus (RSV) is a negative stranded nonsegmented
RNA virus classified in the Pneumovirinae subfamily of the Paramyxoviridae family .
The virus often causes upper respiratory infections (such as “colds”), and it is a major
cause of lower respiratory tract infections (LRTI) (such as bronchiolitis and pneumonia)
leading to hospital admissions during infancy and childhood. RSV is highly contagious
and by their second year, most infants will have been infected at least once 2. Although
the majority of RSV infections resolve uneventfully in otherwise healthy children, certain

high-risk populations may develop severe and sometimes fatal LRTI.

Children who are at increased risk for RSV-associated hospitalization (RSV-H)
include those with premature birth or underlying cardiac or lung disease > *. RSV related
illnesses account for approximately 75,000-125,000 hospitalizations per year in the
United States 5, while in Canada, this accounts for an estimated 5,800-12,000
hospitalizations annually % In the USA alone, RSV-H costs exceed $400 million (Uus)

5,7,8

annually , while a prospective cohort study conducted estimated the annual cost of

RSV-associated illness in Canada at nearly $18 million (1993 US dollars) °.

Due to the contagious nature of RSV, common hygienic practices such as
cleaning contaminated surfaces, washing hands frequently and avoiding direct contact or
contaminated surfaces infected with the virus can effectively prevent infection and spread
of the virus. The only proven medical prophylaxis is by Palivizumab SYNAGIS® (Pz), a
monoclonal antibody preparation, given through intramuscular injection in pediatric
patients at high risk of RSV-associated complications. It is given in monthly
intramuscular injections (up to a maximum of 5) based on the eligibility criteria of the
infant. Safety and efficacy were established in infants with chronic lung disease
(CLD)/bronchopulmonary dysplasia (BPD), infants with a history of prematurity (< 35

wGA), and children with hemodynamically significant congenital heart disease (CHD) *
10



Because of the high cost of palivizumab (~$CDN 5000/child/year) "', it is prudent
to use this medication in the population in which it will be most effective. Systematic
literature reviews have been conducted in order to identify studies examining the cost
effectiveness of Pz versus no prophylaxis for RSV in children. While deemed cost
ineffective for the general population, the systematic reviews demonstrated cost
effectiveness in high-risk subpopulations. The reviews concluded that prophylaxis
tended to be most cost effective in populations with specific risk factors, including
premature infants < or = 32 weeks' gestational age, and infants or children aged < 2 years
with CLD or CHD '* ", Similar results were found in a study for the 32-35 wGA

subgroup conducted in Spain 1

Use of palivizumab in Canada is usually directed by a territorial or provincial
program, which often only permits the use of Pz in selected infants at highest risk.
In Nova Scotia (NS), the Provincial Blood Coordinating Program (NSPBCP) convened a
provincial working group of medical specialists representing stakeholders from
institutions. The working group reviews RSV prophylaxis cost and utilization data for
NS, as well assist in the designing of a utilization management program for RSV
immunoprophylaxis products. The committee meets to review data from the previous
RSV season and to revise considerations for the NS Provincial RSV Prophylaxis

. . 1
Guidelines®.

Current NS guidelines for indications of Pz use include children <24 months of
age with BPD/CLD, premature infants (defined as born at 32 weeks (+ 0 days) or earlier
gestation) with or without BPD/CLD, and young children with congenital heart disease
(CHD). The guidelines allow consideration for moderately premature infants (32 1/7
weeks to 35 6/7 weeks gestation) based on collected risk factors, and “other” children
considered to be at high risk for contracting RSV (e.g. immunodeficiency or those with

severe chronic lung disease not due to prematurity)'.

There is evidence that moderately premature infants are at increased risk for RSV-

H '®'_ Although Pz prophylaxis has been approved by the Food and Drug



Administration (FDA) for use in premature infants > 32 weeks gestation, most
jurisdictions only fund programs that deliver Pz to infants < 32 weeks gestation. There is
a high cost associated with providing prophylaxis in moderately premature infants who
comprise up to 5% of the birth cohort. Efforts have been made to identify a sub-
population of infants > 32 — 35 or 36 wGA who are at highest risk.

Evidence demonstrates an association between RSV-associated severe LRTI and
the following risk factors: month of birth (during RSV season), young chronological age
(CA) at the beginning of RSV season, infants living with school-aged siblings, child care
attendance, absence or short duration of breastfeeding, exposure to tobacco smoke during
pregnancy or after birth, household crowding, male gender, low birth weight, ethnicity
(Aboriginal), family socioeconomic status (SES), low level of maternal RSV antibody
levels in the infant, maternal age, multiple births and family history of

- - : 11,11, 13,17, 20-34
allergies/respiratory disease " "

. Many provinces have subsequently revised
their eligibility criteria to allow moderately premature infants to receive Pz based on the

presence of these identified risk factors.



The aims of the current study are to quantify the following:

1. To assess and identify risk factors present at birth that are associated with a

higher likelihood of RSV-H among Nova Scotian infants 32 to 35 completed wGA.

2. To develop a model based on significant risk factors and to create a tool that
will assist health care professionals in assessing which infants are at highest risk of

RSV-H.

Identifying risk factors that are significantly associated with RSV-H would
provide health professionals with readily available information on baseline variables that
best identify high-risk infants. By developing a model based on these significant risk
factors, the specificity and sensitivity of such a tool could support the evidence base
recommendations for Pz prophylaxis. Additionally, it would add value to preventive
interventions at the IWK Health Centre and across NS, targeting infants 32 to 35
completed wGA.



CHAPTER 2: BACKGROUND
2.1 EPIDEMIOLOGY OF RESPIRATORY SYNCYTIAL VIRUS

Respiratory Syncytial Virus is usually spread by droplets, direct contact or
fomites. The incubation period ranges from 2 to 8 days; 4 to 6 days is most common *°.
RSV is responsible for annual epidemics throughout the world. Globally, it is estimated
that RSV causes about 34 million episodes of acute lower respiratory infections in
children younger than five years, resulting in approximately 3.4 million hospitalizations
per year and it is responsible for an estimated 160,000 deaths annually worldwide;
however, incidence and mortality can vary substantially from year to year in any one
location *°. In the northern hemisphere, these usually occur between November and April,
with a peak in January or February. In the southern hemisphere, wintertime epidemics
occur between May and September, with a peak in May, June, or July. In tropical and
semitropical climates, the seasonal outbreaks usually are associated with the rainy season

733 More specifically, in Canada, RSV season usually begins between November and

January and persists for four to five months "%,

The Centers for Disease Control and Prevention (CDC) consider RSV to be the
most common cause of bronchiolitis and pneumonia in children under 1 year of age *,
with 20% to 30% developing lower respiratory tract disease with their first infection ***'.
Overall, out of all children infected, 1-2% will be hospitalized. In children who are
hospitalized with RSV LRTI, the mortality rate is less than 1%; however, in select groups
of high-risk patients (infants with CLD related to prematurity, CHD, or prematurity), this

disease may have a mortality rate as high as 3-5% " *



2.2 POPULATIONS AT HIGHEST RISK FOR RSV-ASSOCIATED SEVERE LOWER
RESPIRATORY TRACT INFECTION

Consistent evidence shows that children with certain medical conditions,
specifically CLD, CHD, and prematurity, are at an increased risk for RSV LRTI
compared with the general infant population. Unsurprisingly, these higher-risk infants

have been consistently identified as the primary risk groups considered for prophylaxis®*.

Chronic lung disease is a general term for long-term respiratory problems in new
born babies. It is also known as bronchopulmonary dysplasia (BPD). CLD results from
lung injury to newborns who must use a mechanical ventilator and extra oxygen for
breathing, or were born premature (whose lungs are not fully developed at birth). The
lungs of premature babies are fragile and are easily damaged. With injury, the tissues
inside the lungs become damaged and cause difficulty breathing and increases oxygen
needs. Infants who have had CLD are at greater risk for repeated respiratory infections,
such as RSV that require a hospital stay **. Studies have also shown an increased need for
mechanical ventilation, increased mortality rates (3.4%), and prolonged lengths of stay in
both general and intensive care unit admission days in children with CLD compared with

otherwise healthy children ***.

Congenital heart disease describes a number of different problems affecting the
heart and is the most common type of birth defect. The disease is often divided into two
types: cyanotic (blue discoloration caused by a relative lack of oxygen (e.g. Tetralogy of
Fallot) and non-cyanotic (e.g.Ventricular Septal Defect, Atrial Septal defect, Patent
Ductus Arteriosus). These problems may occur alone or together. They can also be a part
of various genetic and chromosomal syndromes such as Down syndrome, trisomy 13 and
Turner syndrome *°. Patients with CHD with RSV experience higher rates of hospital
admissions, are more likely to receive mechanical ventilation and have more lengthy

hospital stays compared to infants without CHD '**"-#,



Gestational age (GA) is the time measured from the first day of the woman's last
menstrual cycle to the current date, and it is measured in weeks. An infant is considered
premature if born before 37 weeks gestation. These infants are vulnerable to a variety of
illnesses, have smaller, immature airways because they are deprived of the last few weeks
of development in utero. Of importance with respect to RSV, the rate of lung maturation
is greatest during the third trimester of pregnancy. Interrupted pulmonary development
prior to 36 weeks reveals smaller lung volumes, smaller lung surface area, whereas air
space walls have an increased wall thickness, in comparison to term infants (those born
after 37 weeks gestation). Furthermore, the immature immune system results in
incomplete transfer of maternal antibodies *°. As a result, postnatal exposure to viruses

results in increased susceptibility to LRTI **>2,

Studies indicate that prematurity is a consistently proven risk marker for RSV
LRTI ' 16:17:20:21.3357 'While RSV LRTI is generally recognized as posing a serious risk
to early premature infants (< 32 weeks GA), all premature infants are in some form at
higher risk for RSV infection. In a cumulative analysis of 24 studies, levels of morbidity
were, at times, comparable between infants born at 32 to 36 wGA and in infants born at
earlier gestation '°. Studies comparing moderate preterm infants with no underlying
medical conditions consistently revealed an RSV-H rate similar to that observed in
infants born 29 to 33 weeks '®'”. Mounting evidence suggests that outcomes in these

moderate preterm infants are less than optimal, and in some instances, these infants may

be equally at risk for RSV-associated severe LRTI as infants born at <32 weeks GA """
53,54



2.3 PREVENTION OF RESPIRATORY SYNCYTIAL VIRUS

The safety and efficacy of Pz were assessed in a randomized, double-blind,
placebo controlled multicenter study (IMpact-RSV Trial) of RSV disease prophylaxis
among high-risk pediatric patients. Throughout the study, RSV hospitalizations occurred
among 53 of 500 (10.6%) patients in the placebo group and 48 of 1,002 (4.8%) patients
in the Pz group; a 55% reduction (p<0.001). Specifically, the reduction of RSV-H was
observed in premature infants born 32 to 35 wGA throughout the course of the study,
(9.8% RSV-H among the placebo group vs. 2.0% RSV-H among the Pz recipients; 80%
reduction, p=0.002)’. These findings led to palivizumab’s approval by the FDA in June
1998 %,

In North America, both the American Academy of Paediatrics (AAP) and the
Canadian Paediatric Society (CPS) Infectious Diseases and Immunization Committee
provide recommendations for administering Pz for RSV prophylaxis based on their
evaluation of evidence. The AAP’s most recent recommendations for use of Pz was
issued in 2009 ®. In October 2011, the CPS released updated recommendations for

administering Pz for RSV prophylaxis (Table 2-1)°".

2.4 RISK FACTORS ASSOCIATED WITH RSV-ASSOCIATED HOSPITALIZATION
IN PREMATURE INFANTS

In recent years, attempts have been made to identify independent risk factors
associated with RSV-H in moderately premature infants. RSV-H has been generally

defined in the literature as one or combining the following definitions:

1) The hospital admission for a respiratory tract infection episode proved to be

RSV by a confirmed laboratory test;



2) The hospital admission for a respiratory tract infection by International
Classification of Disease Clinical Modification code (ICD-CM codes) assigned by health

record coders based on review of the patient’s health record,

3) The hospital admission for a respiratory tract infection by ICD-CM code using

. . . . 11,20-22,48, 52, 53, 62-64
hospital discharge information =" .

The following host and environmental related risk factors have been demonstrated
in the literature as being associated with RSV-H; young gestational age (GA < 37 weeks),
birth shortly before or early after onset of RSV season (birth month), CA at the beginning
of RSV season, multiple births (twins/triplets), male sex, low family SES and parental
education, crowded living conditions, exposure to maternal smoking and indoor smoke
pollution, small for GA (percentile), low birth weight (grams), family history of asthma
or allergies, day care attendance, older siblings in school or day-care, and absence or
short duration of breastfeeding '+ 172! 3% 4%:3%.96.6368 "yther studies have demonstrated an
association between the mode of delivery, maternal age and low maternal RSV antibody

13, 17, 23, 24, 32-34
levels > <<% .

Given the high cost of Pz prophylaxis, particular attention has been given in
identifying risk factors that could predict RSV-H and be used to develop and validate risk
assessment within moderately premature infants (discussed in section 2.5). Two recent
studies of infants born 33-35 wGA identified additional risk factors associated with RSV-
H. The Pediatric Investigators Collaborative Network on Infections in Canada (PICNIC)
study conducted in 16 regions across Canada during 2 successive RSV seasons in which
1860 infants, including those with underlying congestive and/or lung disease, were
followed for a mean of 104 days. The Canadian study found that day care attendance was
the most significant independent risk factor. Factors that most Likely may lead to
development of RSV-related respiratory Infection and subsequent hospital administration
among Premature infants born 33 to 35 weeks gestational age study (FLIP) study,
compared premature infants hospitalized for RSV with matched controls (n=186 cases

and 371 controls). The study concluded that birth < 10 weeks before the start of RSV



season (July-December) was the most significant independent risk factor. In comparison
to the PICNIC study, the FLIP study showed no statistically significant increase in risk of
hospitalization with birth weight, male gender, child-care attendance, or exposure to
tobacco smoke at home. The same researchers published a follow-up to the FLIP trial that
followed 5,441 children over 2 RSV seasons among premature infants 32-35 wGA. The
aim of the FLIP-2 study was to validate the results of the previous epidemiologic FLIP
study during two consecutive RSV seasons. The FLIP-2 study showed that only three
independent risk factors—absolute CA <10 weeks at the start of the RSV season, presence
of school-age siblings or day care attendance and smoking during pregnancy—were found
to significantly increase the risk of RSV-H. Tables 2-2 and 2-3 provide summaries of
four studies that have demonstrated independent risk factors related to RSV LRTI
hospitalization for moderately premature infants ''**°**. A summary of significant risk

factors for each study can be seen in Table 2-4.

The differences in results between the Canadian and Spanish studies can be
attributed to the difference in study designs. The prospective PICNIC and FLIP-2 studies
included the enrolment of all premature infants who fulfilled the inclusion criteria.
Whereas the FLIP study had a case-control design, which matched cases and controls.

By matching variables, there is always the possibility that matching for known factors
also indirectly matches for unknown related factors, and may lead to spurious results. For
example, the lack of statistical significance for smokers in the household with the FLIP
dataset is likely due to the smaller sample size and the potential confounding by matching

variables in the case-control design ' ¢

. The differences in study design also indicate
variability in defining the RSV-H group of infants (cases), and the non-hospitalized
group (controls) between the studies. By selecting cases, a number of RSV-H may have
been negelected in the case-control design. Additionally, the authors of the FLIP-2 study
acknowledge a relatively high loss to follow-up of 12% for infants who met the inclusion
criteria. The results of the study therefore may have been limited by a selection bias
introduced in the methods attributable to difficulties contacting families (changes in

follow up, language barrier).
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The impact of each risk factor on an individual may vary between settings. This
may include geographical location, severity of RSV epidemics, environmental
characteristics, diagnostic testing, disease management, access to care and differences in
health care practices such as diagnostic testing and disease management. This may
account for differences in quantifying the size of the overall effect of each risk factor in

relation to RSV severe infection.

2.5 DEVELOPMENT AND VALIDATION OF RISK SCORING TOOLS TO PREDICT
RSV-ASSOCIATED HOSPITALIZATION

Presented below are a brief explanation of the European model and a further description

of the Canadian risk scoring tool.

The European RSV risk study group developed a predictive model to aid the
targeting of prophylaxis throughout Europe for those infants born 33-35 wGA at risk of
RSV-H *, based on risk factors from the Spanish FLIP study. The final model consisted
of seven risk factors: birth 10 weeks of start of season, birth weight, breast fed <2
months, number of siblings >2 years, number of family members with atopy, number of

family members with wheeze, and gender®.

The Canadian RSV risk scoring tool was developed using factors associated with
RSV hospitalization in 1,758 infants born at 33-35 wGA at 16 Canadian centres followed
prospectively from birth through the first RSV season >*. The final model is based on
seven risk factors, each with an assigned score. Scores are categorized as low (0-48
points), moderate (49 -64 points) and high (> 65 points). Each risk factor is identified as
being either present or absent, with a positive answer being assigned a pre-determined
score between 10 and 25. Table 2-5 provides a summary of each risk factor and its
assigned score. The Canadian risk scoring tool was retrospectively validated using a

20, 54 .
054 Provinces have started to

study among Spanish infants at the same gestational age
use this tool or other risk-based strategies to identify eligibility for Pz among premature

infants. The PICNIC tool’s ability to predict hospitalization was recently assessed and
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found to be insufficiently sensitive and specific, in a cohort of Nova Scotian infants

(personal communication J. Langley).

Stakeholders are continuously seeking new research-based evidence in order to
assist decision making for judicious monoclonal antibody prophylaxis. We hypothesize
that by collecting local data on baseline variables in NS infants, RSV-H before 1 year of

age can be predicted from risk factors present at birth in infants 32 to 35 completed wGA.

12



Table 2-1: Current Recommendations for RSV Prophylaxis in North America

Risk Group

AAP recommendation’’

CPS recommendation®'

Hemodynamically
Significant Chronic lung
disease (CLD) of infancy

Consider infants <24 months of age who
receive medical therapy (supplemental
oxygen, bronchodilator, diuretic or chronic
corticosteroid therapy) within 6 months
before the start of the RSV season; five
doses.

Consider infants <24 months of age at the
start of RSV season; receive up to five
doses.

Hemodynamically Consider infants <24 months of age; five Consider infants <24 months of age at the
Significant Congenital doses. Decisions in children with CHD start of RSV season; receive up to five
heart disease (CHD) should be made on the basis of the degree of | doses.

physiologic cardiovascular compromise.
<28 weeks GA During first RSV season (<12 months of Receive up to five doses.

age) Receive up to five doses.

29-32 weeks GA

29 weeks, 0 days through to 31 weeks, 6
days. Major risk factors to consider
include gestational age and chronologic
age at the start of the RSV season. May
benefit most from prophylaxis if younger
than 6 months of age at the start of the RSV
season.

29 weeks, 0 days through to 31 weeks, 6
days who are younger than six months of
age at the start of the RSV season; receive
up to five doses.

32-35 weeks GA

32 weeks, 0 days through to 34 weeks 6
days; <3 months of age at start of RSV
season; three doses maximum (stop dosing
at >90 days of age); one of two risk factors
is present (childcare attendance and
sibling(s) <5 years of age).

32 weeks 0 days to 35 weeks 6 days’ GA.
A panel of experts should be convened in
each province or territory to establish a
policy for these infants. American
Academy of Pediatrics (AAP) criteria or
the Canadian risk-scoring tool may be
used to select eligible infants.
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Table 2-2: Comparison of Four Studies of Risk Factors for RSV-Associated
Hospitalization in Moderately Premature Infants Without Other Risk Factors

Study PICNIC" FLIP” FLIP-2*' Osservatorio VRS™
Details
Study Multicenter, Multicenter, Multicenter, Multicenter, nationwide,
design nationwide, nationwide, nationwide, case-control study
prospective cohort | case-control study | prospective cohort
study study
Country Canada Spain Spain Italy
and study | 33 (+ 0 days) to 33 (+ 0 days) to 32 (+ 1 days) to Preterm and full-term
population | 35 (+ 6 days) 35 (+ 6 days) wGA | 35 (+ 0 days) wGA | children categorized as <
wGA 33 wGA, 33-35 wGA and
>36 wGA
Aim of the | To identify risk To identify risk To validate the risk | To identify risk factors
study factors associated | factors that most factors found in the | associated with higher
with likely may lead to FLIP case-control likelihood to acquire
hospitalization for | development of study regarding RSV-induced LRTI in
RSV infection RSV-related hospitalization as a | children with symptoms
respiratory result of RSV severe enough to lead to
infection and infection hospital admission
subsequent hospital
admission
Definition | Hospital admission | Hospital admission | Hospital admission | Hospital admission for an
of the for an RTI episode | for an RTI episode | for an RTI episode | RTI episode proved to be
outcome proved to be proved to be proved by RSV by confirmed
laboratory- laboratory laboratory laboratory test
confirmed RSV confirmed RSV confirmed RSV
Results - Infants admitted | -Cases (n=186): - Infants -Total Cases (N=145)
to hospital for an infants admitted to | hospitalized to -Total Controls (N=292)
RSV proven-LRTI | hospital for an hospital for an RSV | 33-35 wGA:
(n=66) RSV proven-LRTI | proven-LRTI -Cases n=8 (5.6%):
-Infants with no -Controls (n=371): | (n=202) children admitted to
LRTI hospital infants admitted to | - Infants with no hospital for an RSV
admission hospital NOT LRTI hospital proven-LRTI
(n=1,692) related to RSV admission -Controls n=14 (4.9%):
LRTI (n=5,239) children with LRTI not
due to RSV and not
requiring hospitalization
RSV Two (2001-2003) | One (2002-2003) Two (2005-2007) Four (2000-2004)
season
analyzed
Statistical | Logistic regression | Logistic regression | Logistic regression | Logistic regression
analysis analysis of all analysis of all analysis of all analysis of all variables

independent
variables with p
<0.15 in the
univariate analysis

independent
variables with p
<0.1 in the
univariate analysis

independent
variables p <0.1 in
any of the bivariate
analyses was
included in the
multivariate model

resulted to be significant
in the univariate analysis
or considered a priori
important for the outcome

Note: Pediatric Investigators Collaborative Network on Infections in Canada (PICNIC).
-Risk Factors that Increase the Likelihood of Hospital Admission Caused by RSV Infection in Premature infants (FLIP).
-Osservatorio Virus Respratorio Sinciziale (VRS).
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Table 2-3: Independent Risk Factor Related to RSV-LRTI Hospitalization
Identified by Multivariate Logistic Regression Analysis in Different Studies

Risk Factor | PICNIC" FLIP” FLIP-2"'
Chronological | Birth in the first half of the RSV Birth £10 weeks the start Absolute chronologic
age epidemic season of the RSV season (born age at the start of RSV

(November— January)

OR (95% CI): 4.88 (2.57-9.29)

between July 15 and
December 15)

season <10 week

OR (95% CI): 2.99

OR (95% CI): 3.95 (2.23-4.01)
(2.65-5.90)
Birth weight Small for gestational age (birth This variable was not
weight <10" percentile) considered a risk factor N/A
for this population
OR (95% CI): 2.19 (1.14-4.22)
Gender Male gender Male gender
Not significant at the N/A
OR (95% CI): 1.91 (1.10-3.31) bivariate analysis
Breastfeeding | Not currently fed breast milk Breast-feeding duration of
This variable was not <2 months Not significant
considered a risk factor for
this population OR (95% CI): 3.26
(1.96-5.42)
Older siblings | Any siblings <6 yrs Any siblings >3 yrs School age siblings or
day care attendance++
OR (95% CI): 2.76 (1.51-5.03) OR (95% CI): 2.85
(1.88-4.33) OR (95% CI): 2.04
(1.53-2.74)
Day care Day care attendance Day care attendance not  See above++
attendance valuable because of too
OR (95% CI): 12.32 (2.56- few cases
59.34)
Family Family history of eczema inthe ~ Family history of
history of 1% degree relative wheezing Not significant
allergies/
respiratory OR (95% CI): 0.42 (0.18-0.99) OR (95% CI): 1.90
disease (1.19-3.01)
Crowding >5 inhabitants (including the >4 inhabitants and/or > 4 adults at home

studied subject) in household
during the RSV season

OR (95% CI): 1.69 (0.93-3.10)

visitors (excluding
siblings and case infant) in
household during the RSV
season

OR (95% CI): 1.91
(1.19-3.07)

Not significant

Exposure to
tobacco smoke

Exposure to tobacco smoke >1
smoker (any and total number of
smokers in household)

OR (95% CI): 1.71 (0.97-3.00)

At least one smoker
(family member or person
who usually cared for the
child)

This variable was not
considered a risk factor
for this population

Smoking during
pregnancy

OR (95% CI): 1.61
(1.16 -2.25)

Note: OR=0dds ratio, CI=confidence interval.

-Osservatorio VRS as limited number of data available for 33—-35 wGA infants specifically.
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Table 2-4: Summary of Significant Risk Factors for RSV-Associated Severe LRTI
Among Infants Born 33-35 wGA

Study Significant Risk Factors

PICNIC | -Child care attendance
-November—January birth
-Preschool-aged siblings

-Birth-weight <10%

-Male gender

->2 smokers in house

->5 people in household

-Lack of eczema in first degree relative

FLIP | -Chronological age (CA) <10 week
-Breast feeding < 2 month

->1 school-aged sibling

-Family history of wheezing

->4 adults in the home

FLIP-2 | -Chronological age (CA) <10 week
-Siblings or child care attendance
-Tobacco exposure during pregnancy

Table 2-5: Canadian RSV Risk Scoring Tool for Infants Born Between 33 and 35

wGA:

Score
Risk Factor Yes No
1-Birth month is November, December or January 25 0
(RSV season)
2-Subject or sibling attending daycare 17 0
3-More than five individuals in the home (crowding) 13 0
4-Small for gestational age (birth weight is less than 12 0
the 10™ percentile for gestational age )
5-Immediate family (mother, father, sibling) history 12 0
without eczema (without eczema = yes)
6-Male sex 11 0
7-Two or more smokers in the household 10 0
TOTAL SCORE 100 -
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CHAPTER 3: OBJECTIVES

1) To identify risk factors present at birth for RSV infection associated with
hospital admission within one year of age among Nova Scotian infants 32 (+ 0 days) to

35 (+ 6 days) completed wGA.

2) To develop a model to predict hospitalization due to RSV of infants born at 32
(+ 0 days) to 35 (+ 6 days) wGA in Nova Scotia based on information present at birth.
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CHAPTER 4: METHODOLOGY

4.1 OVERVIEW OF STUDY DESIGN AND ETHICS

The purpose of this retrospective cohort study was to identify risk factors present
at birth in moderately premature infants 32 (+ 0 days) to 35 (+6 days) completed wGA in
NS, Canada, for RSV-H. Using the unique provincial health card number (HCN) for each
subject, the study used data obtained via a record linkage between a provincial perinatal
database, a cardiology database, a database of Pz recipients, a National hospital

admissions database and the Canadian Census database.

The cohort of infants were followed from birth to one year of age over 10 RSV
seasons (1998 to 2008) allowing all children exposure to an RSV season. Risk factors
were compared between infants hospitalized with an associated RSV diagnosis to the
remaining infants with no RSV-H. Predictive variables were identified and combined into

a predictive tool in order to identify infants at highest risk of hospitalization.

This thesis is a subset of a larger project evaluating the accuracy of an RSV-
hospitalization prediction tool. That study also determined the number of Nova Scotian
infants >32 weeks GA who would potentially be eligible for provincial government-

funded receipt of Pz if an annual seasonal prophylaxis program were available.

The project received approval from the Joint Data Access Committee of the
Reproductive Care Program (RCP) and received ethics approval from the Research
Ethics Boards of the IWK Health Centre (project approval #1011135; approval date April
24™ 2012).
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4.1.1 Inclusion and Exclusion Criteria

AIl NS born infants with a live birth between July Ist, 1998 and June 31st, 2008
whose gestational age was 32 weeks 0 days to 35 weeks 6 days gestational were included.
Infants were excluded if the birth was not in a hospital setting (i.e. since the

information is not captured in a hospital database) and if the infant was previously
administered RSV immunoprophylaxis (Pz). Infants with additional health conditions
including CHD and patients with known CLD/BPD or were also excluded. In addition,
infants who experienced early neonatal deaths (0-7 days) as well as late neonatal deaths
(7-28 days) were excluded from the study. Any death <28 days would likely prevent the

infant’s exposure to community acquired RSV infection.

4.1.2 Defining Gestational Age

Gestational age is the time elapsed between the first day of a mother’s last
menstrual period (LMP) and the day of delivery. GA is usually measured in weeks
(WGA). LMP is used to determine GA but other data can be used if this is not sufficient
such as pregnancy tests, LMP, cycle length/regularity, contraception history, ultrasound
information and assisted reproductive technology. LMP is felt to be an accurate method
of dating the pregnancy if the patient is certain about the dates. Ultrasound dating is only
used if there is an uncertain LMP or if there is discordance between menstrual and
ultrasound assessment ''. All data on GA is extracted from patient medical charts and
prenatal forms by the province’s RCP trained coders and entered accordingly into the
Nova Scotia Atlee Perinatal Database (NSAPD) 2. Infants were included for analysis as
moderately premature if their gestation lied between 224 and 251 days (between 32 to 35
completed weeks GA).

4.1.3 Study Outcome-RSV-Associated Hospitalization

The purpose of the study was to find variables present in the neonatal period that
predict hospitalization due to RSV in the first year of life. Although an unlikely
possibility, a second RSV-H may occur in the same year. In order to keep analysis on
variables predicting the first episode of RSV-H as our study endpoint, a second admission

for RSV-H was not considered for analysis. Using the unique provincial HCN for each
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subject, RSV-H and date of admission were determined through linkages to the NSAPD
and the Canadian Institute for Health Information database (CIHI), respectively. RSV-H
was determined using hospitalization discharge coding performed by trained individuals
in accordance with the International Classification of Diseases, Ninth and Tenth
Revisions (ICD-9-CM and ICD-10-CM). Analysis was restricted to only the primary
outcome ICD-CM code diagnosis made by the attending physician or trained healthcare
professional as the outcome measurement. Table 4-1 provides the validated ICD-CM

codes that were used to identify RSV-H.

Narrowing the definition for RSV by selecting only RSV-specific codes was
elected as the most conservative outcome definition; however, reliance on RSV-specific
ICD-CM diagnoses is subject to an unknown magnitude of error. True cases of RSV may
not have been captured because of failure to conduct a laboratory test for a respiratory
tract infection proved to be RSV by viral culture and/or rapid test. It is possible that true
RSV infected patients were coded as unspecified bronchiolitis or pneumonia, making the
actual number of RSV cases even greater. This diagnostic uncertainty limits the validity
of the definitions used for the outcome measurement, RSV-H. Although not as specific as
hospitalization with laboratory confirmation of RSV, recent studies have used this

definition for RSV-H 7> 74,

4.1.4 Predictive Variables

The literature presents a number of characteristics which are associated with
increased risk for RSV-H (Section 2.4). Of these, 13 had similar or the same, variables in
the Atlee. In addition to previous risk factors identified in the literature, Apgar score at
both 1 and 5 minutes, mode of delivery, premature preterm rupture of membranes
(PPRoM) and antenatal steroids were additionally examined; providing a total of 17 risk
factors for analysis. To the author’s knowledge these variables have yet to be investigated
in association to severe RSV infection leading to hospitalization, and will add to the
existing literature. Of the variables selected for analysis, some were identical to variables

identified within the Atlee database, while others were modified to proxy variables.
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Below is a detailed description of each risk factor identified in the literature. Based on

this review, the final variables selected for analysis in this study are shown in Table 4-2.

Predictive variables identified in the literature and available in the Atlee

Birth month: Birth shortly before or early after onset of RSV season (In Canada RSV
season usually begins between November and January and persists for four to five
months) results in a longer exposure period to RSV and subsequently increased risk for
infection ”°. The infant’s birth month was used as a risk factor for acquisition of severe

RSV leading to hospitalization.

Gestational age (GA): Both the AAP and CPS guideline recommend that RSV

prophylaxis be considered for infants born at 32-35 weeks of gestation. The infant’s GA
measured in both weeks and days is a direct measurement collected from the Atlee
determined as one the following:

-32 weeks+0 days-32 weeks+6 days (224 - <231 days);

-33 weeks+0 days-33 weeks+6 days (231 - <238 days);

-34 weeks+0 days-34 weeks+6 days (238 - < 245 days);

-35 weeks+0 days-35 weeks+6 days (245 - <252 days);

Chronological age (CA): CA of the infant at the beginning of the RSV season is a

known risk factor for RSV-H. Several factors play an important role with young CA,
including the immature immune system and narrow airways '°. The infant’s CA at the
beginning of highest RSV activity (determined as December 1% in NS, see results Table
5-3), was determined by using the subject’s birth date (DD/MM/YYY'Y) and calculated

from December 1* of the one year follow up.

Preschool aged siblings: The AAP recognizes the presence of school aged siblings (< 5

years of age) as a risk factor for RSV infection '°. The underlying mechanism may be the
increased contact intensity between siblings, resulting in the higher probability of
transmission taking place due to prolonged exposure and closer proximity 77, The Atlee

data does not collect the subject’s number of preschool aged siblings; however the
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number of pre-school aged siblings (< 5 years of age) will be measured by the mother’s
previous birth record (Gravida) and calculate births from previous deliveries in

proceeding 5 years as a proxy for this risk factor.
Birth weight: Low birth weight has been found to add to the discriminatory power in
identifying children susceptible for RSV hospitalization '*. Birth weight was reported in

grams (g) and included for risk factor analysis.

Small for gestational age: The role of intrauterine growth restriction has only been

examined in the Canadian PICNIC study ''. Category for birth weight for GA according
to Kramer’s criteria for Canadian premature infant’s based on GA and sex of the infant

(<3 -97" percentile)) was used as direct measure ”°

Infant sex: It has been postulated that male infants have shorter and narrower airways
than females infants, and are more likely to develop bronchial obstruction upon RSV
infection, therefore requiring hospitalization **. Phenotypic sex (male or female) was

used as direct measures from the Atlee.

Passive household smoke exposure: A recent review concluded that environmental

smoke exposure increases the risk of hospitalization for RSV-attributable severe infection
in infants ®. Mother’s smoking status at the time of delivery was used as a measurement
for passive household smoke exposure. This also included the number of cigarettes

smoked per day at the time of prenatal visit from 18-22 weeks as an additional analysis.

Household crowding: In a recent systematic review residential crowding significantly

increased the odds of RSV hospitalization 81 Development of RSV infection may be
heightened within a crowded household environment. This would include an increased
likelihood of exposure to infectious secretions after contacting individuals or surfaces
contaminated with RSV. Household crowding (>5 individuals per household including
the study subject) was inferred from the number of previous deliveries in proceeding 18

years (gravida) and marital status (single vs. married) as a proxy.
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Socioeconomic status (SES): Less parental education and low SES have also been

reported to be a risk factor for RSV infection *. Mother’s postal code linked to Canadian
census data was used as an approximation for neighbourhood income quintile as a proxy
for family socioeconomic status. This was based on postal codes converted to
enumeration area with Statistics Canada estimates of neighbourhood income applied to
each enumeration area. Categorization of mother’s neighbourhood income quintile in the

Atlee was performed by the RCP of NS.

Breast feeding: The protective role of breast feeding in preventing RSV-H is attributed

to RSV-IgA and lactoferin®. Breast feeding was coded as infant breastfeeding at time of
discharge from hospital (Yes/No). Breastfeeding was coded yes if the infant was

breastfeeding and/or was being supplemented with formula at discharge.

Apgar scores at both 1 and 5 minutes: The Apgar rating is based on a total score of 1 to

10. A score of 7, 8, or 9 is normal and is a sign that the newborn is in good health while
any score lower than 7 is a sign that the baby needs medical attention **. To the author’s
knowledge Apgar score as a risk factor for RSV-H has not yet been studied. Apgar
scoring for newborn delivery between 0-10 at both 1 and 5 minutes was collected from

the Atlee.

Mode of delivery: Regarding the route of the infant’s birth, the level of definition for

this project is “mode of delivery” which included a set of separate codes for either
vaginal or caesarean section delivery. To the author’s knowledge the association between

vaginal and C-section delivery and poor RSV outcome has not yet been determined.

Maternal age: When compared with term infants, preterm infants with RSV infection

were more likely to have an older mother in a recent study by Gooch et al **. The infant’s

mother age at the time of delivery was used as a direct measure.
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Multiple births: Twins and triplets were reported as having a significantly higher risk of

severe RSV infection **. The subject’s birth type included as fetus number, singleton or

multiple (combining twins and triplets), as a direct measurement from the Atlee.

Premature preterm rupture of membranes (PPRoM): To the author’s knowledge

PPRoM as a risk factor for RSV-H has not yet been analyzed in the literature.
Information on PPRoM was collected from the Atlee as a direct source of measurement
whether the subject’s mother had or had not had not experienced PPRoM before the
infant’s birth.

Antenatal steroids: To the author’s knowledge this will be the first study examining the

role of antenatal steroid as a risk for severe RSV infection. Collected from the Atlee, the

use of antenatal steroid during pregnancy was used as a source of direct measurement.

Predictive variables identified in the literature not available in the Atlee

Daycare attendance: Attendance of infants and young children in a child care setting or

a day care group is regarded as a significant risk factor for RSV-H'" %238 1p the

Canadian PICNIC study, day care attendance of the child was the single greatest risk
factor in preterm infants born at a gestational age of 33-35 weeks. Additionally, the AAP
recognizes childcare attendance and sibling(s) <5 years of age as a risk factor for RSV

infection °.

Family history of allergies/eczema/respiratory disease: In the Canadian PICNIC study,

a history of eczema in a first degree family member was found to be an independent
protective factor for RSV hospitalization in infants 33-36 wGA. The history of wheezing
in the family was found to be statistically significant in the original The FLIP study,
while the interaction between history of eczema in the family did not reach statistical
significance in the multivariate logistic regression analysis. The FLIP-2 study concluded

that family history of wheezing did not show statistical significance.
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Low maternal RSV antibody levels: In preterm infants, incomplete maternally antibody

transfer has been implicated to increase the risk for severe RSV infection. High titers of
maternally derived RSV neutralizing antibodies have been suggested to be inversely

. . . . . 23.32.84
associated with the incidence of severe RSV infection 2> 3% 8

Race/ethnicity: Concurrent studies in American Indian/Alaskan Native and Inuit infants

and children have shown RSV-H hospitalization rates that are almost 2 to 8 times higher
in some of these populations, which may be attributable to isolation in northern or rural

remote communities > 3!,

There is evidence that daycare attendance, family history of allergies/respiratory
disease, low maternal RSV antibody levels and race are associated with severe RSV
infection and were therefore considered for analysis. However, the Atlee database does

not include sufficient information on these potentially important risk factors.
Appendix A lists the risk factors discussed in the literature, and all the variables

present in the Atlee database selected either direct measurement or proxy predictive

variables for the statistical analysis.
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4.2 DATA SOURCES

This study uses data from the (1) Nova Scotia Atlee Perinatal Database, (2) the
IWK Cardiology Database, (3) the Nova Scotia Blood Coordinating Program database of
Pz recipients, (4) the Canadian Institute for Health Information Hospital Admissions

Database (CIHI), (5) and data from the Canadian census.

4.2.1 Reproductive Care Program (RCP)-The Nova Scotia Atlee Perinatal Database
(NSAPD)

The Atlee began collecting data in 1988. It includes information on all in-hospital
deliveries in NS as well as a small number of NS residents who deliver in New
Brunswick. The RCP maintains the Atlee database, which is located at the IWK Health
Centre in Halifax. The database contains extensive information on maternal, prenatal,
labour, delivery and in hospital post-partum period. This includes information (mother
and infant) on all deliveries of a live born or stillbirth infant weighing 500 grams or more
8 As well, this database contains information on a number of variables that potentially
increase the risk for RSV-H. The database also provides information on presence of co-
morbidity that would confer eligibility for Pz, such as CLD of prematurity/BPD, and thus

exclude an infant from this study.

Trained coders abstract and enter information into the NSAPD from standardized
clinical prenatal forms, labour and delivery records, and post-partum records following
established coding manuals. The extent of missing data for labour, delivery, and infant
variables is close to 0%, while data on smoking is missing in about 5% of records. Data

entry quality is regularly verified *°.

Data for linking the NSAPD included date of birth and provincial HCN. In order
to construct the study cohort, date of birth (between June Ist, 1998 and July 31st, 2008),
GA (clinical estimate of GA between 32 (+ 0 days) to 35 (+6 days)), and mother’s postal

code (as a measurement infant’s residency in NS) were used to identify the cohort.
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4.2.2 IWK Cardiology Database

The IWK Cardiology Database, housed and managed by the Division of Pediatric
Cardiology the IWK Health Centre, contains data on all patients seen in the division
extending back to 1966. The Cardiology database provided information on co-morbidity
(CHD) that conferred eligibility for Pz, and the health records of all children with
hemodynamically significant heart disease. These identified infants were removed from
the study cohort. Data for linking the IWK Cardiology database included date of birth
and provincial HCN.

4.2.3 Nova Scotia Blood Coordinating Program Database of Pz Recipients

The Provincial Blood Coordinating Program was created in January 2003.
Initially developed at the NS Department of Health and Wellness, the database was
transferred to the IWK in 2007 '°. The database records all children who have received Pz
in NS since and including 2003 and was used to determine which infants had received Pz
prophylaxis, to which would make them ineligible. Data linking variables for the
Provincial Blood Coordinating Program database of PZ recipient included date of birth,

and provincial HCN.

4.2.4 Canadian Institute for Health Information Hospital Admissions Database
(CIHD)

The Canadian Institute for Health Information database is comprised of data for
each in-patient and out-patient hospital visit in NS from 1979 until present and provides
variables necessary to estimate the outcome of interest, RSV-H. Data elements include
HCN, date of birth, attending physician, hospital number, and any admission and
discharge diagnosis classified by International Classification of Disease Clinical
Modification code (ICD-9-CM and ICD-10-CM). The Canadian Classification of Health
Interventions codes the main condition investigated or treated. Hospital admission date,
hospital discharge date, date of service and Intensive Care Unit (ICU)/Neonatal Intensive

Care Unit (NICU) admission are also available variables from CIHI 86, 87

. Data linking
variables for the CIHI database included date of birth, and provincial HCN. Details on the

outcome indicators used for analysis are discussed in 4.1.3.
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4.2.5 Canadian Census Data

The Canadian census is conducted by Statistics Canada and takes place every five
years *°. Mother’s postal code linked to Canadian census data was used as an
approximation for neighbourhood income quintile. Categorization of mother’s
neighbourhood income quintile in the NSAPD was performed by the Reproductive Care
Program of NS.

Appendix B provides a detailed description of all variables included for defining
the study eligibility criteria, predictive variables for follow up analysis and outcome of

interest

4.2.6 Data Linkage and Security Measures

The study cohort was previously assembled using the infant's provincial HCN,
and infant’s date of delivery, by an authorized researcher through the RCP who linked the
dataset. The final cohort was constructed after the inclusion of several additional risk
factors from the NSAPD. This was again done by an authorized researcher through the
RCP. All major identifiers such as health card numbers, names, birthdates, and postal

codes were stripped before the restricted access was given to the analysis file.
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4.3 MINIMAL DETECTABLE ODDS RATIOS

Power analysis was used to calculate the minimum effect size of risk factors
likely to be detected given the estimated sample size and expected hospitalization rate for
the retrospective study. The study’s population was pre-determined by the total number
of live births for infants between 32 and 35 completed wGA in NS. It is expected that
approximately 2,800 infants with about 90 RSV-H events will ensue over the ten years of

the study (rate of RSV-H=3.2%).

Analyses were performed assuming a level of significance (o) of 0.05 and a
power (1-B) of 80%. The minimal detectable odd ratios (ORs) were calculated in both the
univariate and the multivariable analysis (binomial and five ordinal predictors). Power
analyses calculation were tested against a conservative 2-3.5% likelihood of being
hospitalized given that expected rate of hospitalization was 3.2%. An OR of 1.5 indicated
acceptable levels of power 0.845 and an OR 3 or greater was indicative of 100% power.
Univariate and multivariate power analysis were conducted using models that included
ordinal, categorical and continuous predictive variables. Based on these analyses, in order
to calculate an OR of 1.5 for a categorical variable a power of 0.845 was acceptable. An
OR of 1.5 significant at (o) of 0.05 for any binary categorical explanatory variable would
have power of 0.845 to be detected. For any ordinal or continuous variable the power

would be indicative of a higher level of power.
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4.4 STATISTICAL ANALYSIS

All analyses were done using SAS for windows version 9.2. The following
section outlines analysis for both research objectives. Unless noted otherwise, statistical

significance for all analyses was defined at the 2-sided P=0.05 level.

4.4.1 Objective 1: Identify Risk Factors for RSV Infection Associated with Hospital
Admission Within One Year of Age

Table 4-2 describes the treatment of the predictive variables included for analysis.
Certain variables were transformed into categorical values. Chronological age was
retained as continuous for the logistic regression analyses however to estimate the
relative risk for CA in the bivariate analysis, CA was transformed into a categorical
variable (based on the results from the Student’s t-test). Table 4-3 describes the treatment
of the outcome variable included for analysis. The outcome variable was dichotomized as

either RSV-H or no RSV-H.

To identify predictive variables associated with RSV-H, Cochran-Mantel-
Haenszel 2 statistics and odds ratios using 95% confidence intervals (CI) were
calculated for all predictive variables in the univariate logistic regression. To be
conservative, all predictive variables with an unadjusted relative risk at the significant
level p<0.15 were included in the initial multiple logistic regression model. Adjusted
relative risks were determined through multivariate logistic regression. The logistic
regression model used backward elimination as the effect-selection method. Final
predictors were considered significant using the Likelihood Ratio (LR) test. Overall
model evaluation was tested using the LR, Score, and Wald tests. The Homer &

Lemeshow test was used to determine goodness-of-fit.

4.4.2 Testing and Interpreting Coefficients in the Multiple Regression Analysis
Containing Interactions

To test the theoretical model explaining which predictive variables were
significantly associated with RSV-H, emphasis was put on interpreting any interaction

effects on the dependent variable, RSV-H. To test for two-way interactions (often thought
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of as a relationship between an independent variable and dependent variable, moderated
by a third variable (moderator)) maximum likelihood estimates based on the Fisher’s
scoring technique was performed in order the examine any significant interaction(s). The
strongest interaction effects were forced into the model containing the statistically
significant independent variables from section 4.4.2. A significant interaction was
included only if its inclusion resulted in a significant change in the —2 Log Likelihood
from the previous step. As such, the final model consisted of factors that were statistically
significant or interactions that were forced into the model. This second model was

compared to the first exploratory, statistically driven model.

4.4.3 Objective 2: Develop a Model to Predict RSV-H of Infants Born at 32-35 wGA
in Nova Scotia

In order to develop a user-friendly clinical instrument that would predict the risk
of RSV-H, the significant variables included in the final logistic regression model were
used in developing a scoring system. Final predictors were considered significant using
the LR test and conditional parameter estimates and RSV-H as the dependent

dichotomous outcome variable.

By calculating the parameter estimates of the logistic model, each risk factor was
assigned an estimated independent weight equal to its agreeing parameter estimate in the
multivariable model (f(Y) = B0 + 1 X1 + p2X2 +...+ BpXp). Since the variables in our
parameter regression analysis were measured in different units, standardization of the
coefficient (B) was done so that the coefficients ignore the independent variable's scale of

unit (example infant weight in grams and family crowding in number of individuals).

Each variable in the model was then transformed into a binary predictor classified
as either absent (no) or present (yes) and placed on a dichotomous scale and converted
into a positive value, based on the standardized 3 coefficient. To produce the predictive
instrument, the independent standardized weights for each individual risk factor (8
coefficient) were converted into a relative weight by calculating each individual risk
factors P coefficient over the cumulative risk estimate in the cohort. The re-weighted

standardized parameter (B coefficient) from the standardized logistic regression was
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converted into variable scores (multiples of 100) and rounded off to the nearest integer.

This provided each patient a score from 0-100 based on the cumulative risk of RSV-H >,

4.4.4 Receiver Operator Characteristic (ROC) and Test Characteristics

Receiver Operator Characteristics and the Area Under the Curve

The Receiver Operator Characteristic (ROC) was used in finding the score that
produced the highest accuracy in predicting cases of RSV-H (the highest sensitivity and

lowest false positive ratio (1-specificity));

Sensitivity is the proportion of truly hospitalized infants who were correctly

identified by the scoring tool, i.e. who have high scores.

Specificity is the proportion of infants without RSV-H correctly identified by the

scoring tool, i.e. they have low scores.

The curve was obtained by calculating the sensitivity and specificity of the
scoring tool at every possible cut-off point, and plotting sensitivity (y-axis) against 1-
specificity (x-axis). For clinical practice, selecting the cut-off point(s) to discriminate
between those with low risk (low scores) and those with higher risk (high scores) is
optimal. One method commonly used assumes that the best cut-off point for balancing
sensitivity and specificity of a test is the point on the curve closest to the (0, 1) point *%.
This method was applied in order to determine appropriate cut-off values for low risk to

the highest at-risk groups. The information was used to produce the final scoring tool.

The area under the curve (AUC) serves as a single measure, independent of
prevalence, and summarizes the discriminatory ability of the scoring tool across the full
range of cut offs. A perfect test would have an AUC of 1.0, or 100% predictive
probability, while a useless test (one whose curve falls on the diagonal line) has an AUC
of 0.5 °'. The AUC was interpreted as a reflection of how good the test distinguished
between RSV-H and non RSV-H infants.
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Estimating the Sensitivity and Specificity of the Scoring Tool

The accuracy of our scoring tool was characterized by its sensitivity and
specificity for predicting either an event (RSV-H) or a non-event (no RSV-H). Results
were tabulated using a 2 x 2 table (See Results Table 5-12 and 5-13). The table classifies
infants who were either true positive (TP = # of correctly predicted events); true negative
(TN =# of correctly predicted non-events); false positives (FP = # of non-events
predicted as events); and false negatives (FN = # of events predicted as non-events).
From these we calculated the sensitivity and specificity;

e Sensitivity = TP ratio = TP / (TP+FN)

e Specificity = TN ratio =TN / (FP + TN)

Positive and Negative Predictive Values

The scoring tool was further assessed by calculating the probability that an
assigned score would give the correct diagnosis. Positive and negative predictive values
(PPV and NPV) describe a patient’s probability of having either a positive or negative

outcome once the result of the scoring tool is assigned.

PPV is the overall probability of an infant having RSV-H when the scoring tool is
positive; PPV is equal to the TP divided by the sum of the TP and FP;

e PPV =TP/(TP+FP)

NPV is the overall probability that an infant will not have an RSV-H when the scoring
tool is negative; PPV is equal to the TN divided by the sum of the TN and FN;

e NPV =TN/(TN+FN)

Likelihood Ratio

The estimated probability of disease before the specified test result is known is
referred to as the pre-test probability. The patient’s probability or chance of having the

disease after the test results are known is referred to as the post-test probability *>. The
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sensitivity and specificity of the scoring tool were combined into a measure called the
likelihood ratio (LR). The LR was calculated in order to determine whether knowing the
results of the scoring tool (post-test probability) would improve on a clinical guess based
simply on pre-test probability (i.e. how much does the probability of having the disease
increase following a high score?). Two versions of the likelihood ratio exist, one for
positive and one for negative test results. They are known as the positive likelihood ratio
(LR+) and negative likelihood ratio (LR-), respectively. Likelihood ratios for both a
positive test (LR+) and a negative test (LR—) were calculated by using the sensitivity and

specificity;

e LR+ =TPrate/FP rate
= Sensitivity / (1-Specificity)

e LR- =FNrate/TN rate
= (1-Specificty) / Sensitivity

If the LR+ or LR —is equal to 1, it would imply that the pre-test and post-test are
similar, and the therefore the results add no additional information. Conversely, a LR>1
indicates that the post-test probability is greater than the pre-test probability. Likelihood
ratios above 10 and below 0.1 would reflect large differences from the pre-test

probability > **.

Estimating Probability of Disease: Post-Test Probability

Sensitivity, specificity and LRs, were used to calculate alternative statistics for
summarizing diagnostic accuracy of the scoring tool. Bayes theorem was applied in order

to obtain the post-test of RSV-H by multiplying the pre-test odds by the LR of the test. *°

o Post-test odds = pre-test odds x likelihood ratio

By assuming the pre-test probability of 3.1% (88 RSV-H /2,811 non-RSV-H), the
post-test probability for RSV-H was calculated. The use of the odds rather than
probabilities was calculated as follows (the pre-test probabilities were converted to pre-
test odds then multiplied by LR to get the post-test odds, which was then converted into
post-test probabilities);
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e Pre-test probability = p; = 0.03 (~3% probability of RSV-H)
e pre-test odds = p,/(1- p1)
e Post-test odds = 0, =pre-test odds x likelihood ratio
e  Post-test probability = o/(1+ 03)

The results from the ROC, AUC, LR+/-, PPV, NPV and post-test probability were
used as additional statistics in order to interpret the results and assess the value of the

RSV-H scoring tool for clinical practise.
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Table 4-1: Treatment and Frequency of Outcome Variables in the CIHI

Outcome ICD-CM Description on ICD-CM Outcome
Measurement Code Variable Measurement
ICD-9-CM*
First hospitalization | 079.6 RSV infection
associated with RSV | 466.11 Acute bronchiolitis due to RSV
diagnosis during the | 480.1 Pneumonia due to RSV
one year follow up ICD-10-CM**
B97.4 RSV as the cause of diseases classified
to other chapters
J12.1 RSV pneumonia
J21.0 Acute bronchiolitis due to RSV

* The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) *°.
*#* The International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) *.
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Table 4-2: Treatment of Predictive Variables Extracted from the Atlee Database

Predictive Variable (Literature) | Variable Available from the Atlee Direct Treatment of Atlee Variable
measure in this Study
Variable Description Variable Description or proxy
Month of birth | - Date of birth Month of birth identified from the | Direct Retained as twelve categories:
infant’s DOB measure September, October,
(MM/DD/YYYY) November, December,
January, February, March,
April, May, June, July, August
Gestational age | 32 weeks + 0 GA of infant at -32 weeks: (224 - <231 days) Direct Collapsed into four categories:
(GA) days -35 +6 birth in weeks/days | -33 weeks: (231 - <238 days) measure 32 weeks, 33 weeks, 34 weeks
days weeks GA -34 weeks: (238 - < 245 days) and 35 weeks
-35 weeks: (245 - <252 days)
Chronological | CA at the start Date of birth DOB used as a calculation of Direct Maintained as continuous
age (CA) of the RSV (MM/DD/YYYY) | subject’s CA in weeks on measure variable
season December 1st during the one year
follow up after birth.
Preschool aged | Infant’s siblings | Gravida of the Number of previous births of Proxy Dichotomized: no siblings <5
siblings that are <5 subjects mother children <5 years of age and the years of age and > 1 siblings <
years of age assumption made that they are still 5 years of age
in the household
Birth weight - Birth weight in - Direct -Dichotomized: Normal birth
(grams) grams (g) measure weight (>2500g) and low birth
weight infant (< 2500g)
Small for Category for Weight for Kramer’s criteria for Canadian Direct Dichotomized: < 10"
gestational age | birth weight for | gestational age premature infant’s based on GA measure percentile and >10" percentile
(percentile) GA (percentile) and sex of the infant percentile
(<3rd %-97th %) ”°
Infant sex Male or female | Phenotypic sex Male or female Direct Dichotomized: male and
measure female
Environmental | Passive Mother’s smoking | Used as a measurement for passive | Direct Dichotomized: non-smoker
tobacco smoke | household status at delivery household smoke exposure. Also measure and smoker (including 0.5
exposure smoke exposure | date included was the number of pack of cigarettes/day, < 1 but

cigarettes smoked per day at the
time of prenatal visit

> 0.5 pack, >1 pack, and
amount unknown)
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Predictive Variable (Literature) | Variable Available from the Atlee Direct Treatment of Atlee Variable in this
measure | Study
Variable Description Variable Description or proxy
Household Household Household Inferred from the number Proxy -Marital status: Dichotomized: no
crowding/ crowding: crowding: of previous deliveries in partner (including single, widowed,
number of >5 individuals >5 individuals per | proceeding 18 years divorced, or separated) and partner
siblings per household household (gravida) and marital status (including married or common-law)
including study | including study (single vs. married) at the -Gravida:
subject subject time the baby was born Collapsed into total number of siblings
<18; 0 siblings, 1 siblings, 2 siblings, 3
siblings, 4 siblings, 5 siblings, 6
siblings and 7 siblings
Low - SES Mother’s postal code Proxy Neighbourhood income collapsed into
socioeconomic linked to Canadian census quintiles: highest, upper-middle,
status (SES)/ used as an approximation middle, lower-middle and lower
parental for neighbourhood income
education quintile (performed by the
RCP)
Breast feeding | - Mother’s breast Mother’s Breastfeeding Direct Dichotomized: Breastfeeding
feeding status at status indicated by the measure | (combining exclusive breastfeeding
birth mother at the time of birth (E), combined breast milk (S) or other
admission supplements and not breast fed (N))
and no breastfeeding.
Maternal age - Maternal age Mother’s age at time of Direct Dichotomized: <25 years old and >25
delivery measure | years old
Multiple births | Singleton, twins | Number of fetuses | Subject’s birth type; Direct Dichotomized: Singleton vs. multiple
or triplets singleton, twins or triplets | measure | (twin and triplets combined)
NA NA Apgar score at 1 Score between 0-10 both at | Direct Dichotomized: Normal score (7-10)
and 5 minutes 1 and 5 min measure | and low score (0-6) both at 1 and 5 min
NA NA Mode of delivery C-section or Vaginal Direct none
measure
NA NA Premature preterm | PPRoM during current Direct Yes or no
rupture of pregnancy measure
membranes
(PPRoM)
NA NA Antenatal steroids | The use of antenatal steroid | Direct Yes or no
during pregnancy measure

or proxy
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Table 4-3: Treatment of Outcome Variable in the CIHI

Variable Database | Description Treatment of Variables in the
CIHI

RSV-associated | CIHI Infant’s first Dichotomized: no RSV-H and

hospitalization hospitalization RSV-H: (including ICD-9-CM

(RSV-H)* attributable to RSV- codes 007.9, 466.1, 480.1 and ICD-

associated severe
LRTI

10-CM codes B97.4, J12.1, J21.0)

*Note: RSV-H = RSV-associated hospitalization, the dependent bivariate outcome measurement.
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CHAPTER 5: RESULTS

5.1 DESCRIPTION AND CHARACTERISTICS OF STUDY COHORT

Of the 2,909 infants with a live birth in NS between July 1, 1998 and June 31,
2008 and GA between 32 weeks (+ 0 days) to 35 weeks (+6 days), there were 85 infants
excluded because they had been vaccinated. Within the 85 vaccinated infants who were
excluded, one infant had a cardiac indication, and 10 had documented lung disease.
Lastly, a total of 10 infants were excluded for early neonatal death (0-7 days) and 3 for
late neonatal death (7-28 days). The final eligible study cohort consisted of 2,811 infants.

Table 5-1 provides a detailed description of the characteristics of the study cohort.
Missing values were identified in seven of the 17 variables. Mother’s smoking status at
admission was missing in 6.1% of records, and marital status in 3.5%. Breast feeding,
family SES, Apgar scores and birth weight for GA were missing 2% of records. The
mean (SD, range) for birth weight was 2,366 grams (514; 256-4695) and the mean (SD,
range) of mother’s age was 29 years old (5.7; 14-49).

5.1.1 RSV-Associated Hospitalization in the First Year of Life

During the first year of life, a total of 88 infants had a hospital admission
associated with RSV- H (rate of 3.1%). During the study’s ten RSV seasons, the highest
number of hospitalizations in any one year occurred during 2006 (n=22). Most of the
RSV-H diagnosis were coded as acute bronchiolitis due to RSV with 64 out of the 88
(73%) infants hospitalized were identified by ICD-10-CM J21.0. The mean (SD, range)
chronological age on December 1* for RSV-H infants was 31 weeks (16.1; 0-52). Table
5-2 provides a detailed description of the outcome variable for infants who experienced a
hospitalization associated with RSV. Results indicate that infants who were born in
December, January and February experienced the highest rates of RSV-H (infants
hospitalized with RSV/total number of infants born in the same month) with 4.9%
(11/227), 6.5% (15/230) and 6.5% (13/199) hospitalization, respectively (Table 5-3).
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5.2 DATA ANALYSIS-OBJECTIVE 1: IDENTIFY RISK FACTORS FOR RSV
INFECTION ASSOCIATED WITH HOSPITAL ADMISSION WITHIN ONE YEAR OF
AGE

5.2.1 Bivariate Analyses of the Predictive Variables

Table 5-4 shows the incidence of RSV-H and the relative risk (RR) estimates for
all categorical predictive variables tested against the binary outcome as well as results

from the Student's t-test for CA.

Nine predictive variables were found associated with RSV-H in the bivariate
analysis at (p<0.15), and therefore eligible for inclusion in the multivariate logistic
regression model. Infants born in December, January and February, > 1 preschool age
sibling in the household, low birth weight (< 2500g), passive household smoke exposure,
household crowding (> 5 individuals in the household), no breastfeeding, no PPRoM, and
CA (>31 weeks on December 1*) were all found to increase the likelihood of RSV-H.

Lower-middle SES demonstrated a protective effect against hospitalization.

5.2.2 Logistic Regression Analyses of the Predictive Variables

All nine significant variables in the bivariate analysis were included as covariates
in the backward stepwise multivariate logistic regression model. A total of 328 infants
were deleted due to missing values for the risk factors included in the logistic regression
analysis. The logistic procedure included 76 infants with RSV-H and 2,407 infants with
no RSV-H.

After adjustments in the multivariate regression model, birth during December,
January or February, passive household smoke exposure and household crowding

remained independently associated with RSV-H (Table 5-5).

Interaction Effects Between Predictive Variables in Association with RSV-H
Three of the variables found to be predictive were also found to interact (Table 5-
6 A-C). As seen in Table 5-6A, the strongest interaction effect was found between

passive smoking and infants born in December-February (p<0.0001). The two-way
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interaction indicates a higher hospitalization rate for infants born in Dec.-Feb. (6.1%)
compared to those born Mar.-Nov. (1.5%) when there was no passive household smoke
exposure. When smoking was present, infants born Dec.-Feb. experienced the highest
rates at 6.3% while the hospitalization rate for infants born Mar.-Nov. remained high at
5.0 %. This is indicative of a multiplicative interaction effect between passive household

smoke exposure and infants born in December, January and February.

Infants with low Apgar score at 1 min and who experience passive household
smoke exposure together have the highest likelihood of RSV-H (6.1%) as demonstrated
in Table 5-6B. Although infants with higher Apgar scores who have exposure to smoking
experience slightly lower rates, these infants still experience overall high rates of
hospitalization (5.2%). In comparison, infants with both low and high Apgar scores who
do not have exposure to smoking experienced 3.5% and 2.4% rates of RSV-H

respectively (p=0.0065).

Infants who were small for GA (< 10th percentile) that also experienced passive
household smoke exposure had the highest rates of RSV-H (6.3%) as seen in Table 5-6C.
This rate remained relatively high in infants with higher birth weights and exposure to
smoking (5.2%). Infants with both low and high weight for gestational age who were not

exposed to smoking did much better (3.1% and 2.5%) respectively (p=0.0094).

5.2.3 Testing the Significance of the Interactions in the Predictive Model

The three statistically significant interactions were considered when interpreting
the results for the final predictive model. We ran regression models in which we entered
all three significant interaction terms, as well as a combination of two of the three
interactions and lastly models with only one interaction all included into the original
three variable predictive model. Passive household smoke exposure and infant birth in
Dec.-Feb. in relation to the RSV-H was found just shy of the level of significance,
p<0.05, when included separately within the three variable model (p=0.0510).
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Comparing the Model Fit Statistics of Both Models

The three variable model was compared to the three variable + interaction
(passive household smoke exposure and infant birth in Dec.-Feb.) model. Both models
were statistically comparable demonstrated by Somers’ D statistic (0.369 and 0.370
respectively). To be applicable to clinical practice, a predictive model must discriminate
between infants who will be hospitalized for RSV and those who will not be hospitalized.
To keep to a practical score sheet for clinical practice, the three variable predictive model
without the interaction term was used for the development of the RSV-H scoring tool.

Tables 5-7 A and B provide full details on the model fit statistics for both models.
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5.3 DATA ANALYSIS-OBJECTIVE 2: DEVELOP A MODEL TO PREDICT
HOSPITALIZATION DUE TO RSV OF INFANTS BORN 32-35 WGA IN NOVA
SCOTIA

5.3.1 Development of the RSV-H Scoring Tool

The calculation of the sum of the individual variable scores was discussed in
section 4.4.3. The independent standardized weights for each individual risk factor (8
coefficient) in the three variable predictive model were converted into relative weights.
The re-weighted standardized parameters were converted into variable scores (multiples
of 100) and rounded off to the nearest integer providing each patient a score from 0-100.

Table 5-8 shows the final scores for each predictive variable in the RSV-H scoring tool.

5.4 RECEIVER OPERATOR CHARACTERISTIC (ROC): ANALYSIS FOR THE
DEVELOPMENT OF THE RSV-H SCORING TOOL

There were 255 infants that had missing values for the three predictive variables
included in the RSV-H scoring tool—household crowding, passive household smoke
exposure and birth in December, January or February— therefore were excluded for the
final RSV-H analysis. The remaining cohort included 78 infants with RSV-H and 2,478
infants with no RSV-H for the RSV-H scoring tool analysis.

Determining the Optimal Cut-Off Points and Assessing the Scoring Tools Predictive
Accuracy

The ROC was used for two main purposes:

1- Provide determination of the cut-off point(s) at which optimal sensitivity and

specificity were achieved.
2-Provide an assessment of the diagnostic accuracy of the overall scoring tool (AUC).

The ROC is shown in Figure 5-1 while Table 5-9 provides details on the ROC
probability level, sensitivity, 1-specificity and the associated RSV-H scoring range (0-

100). Results indicate that the highest sensitivity (true positive rate) and lowest false
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positive rate were 0.705 and 0.397, respectively, corresponding to a logistic predicted
probability estimate of 0.035 (~3.5%). The predicted probability identifies the RSV risk
scoring cut-off value of 41, providing the highest accuracy in identifying between infants
with relatively low risk for RSV-H compared to infants with a higher risk (> 42

cumulative score).

In order to further characterize the second group into moderate-risk and high-risk
infants (RSV prophylaxis provided to the absolute highest risk infants would be most cost
effective), a second cut-off among infants was attempted based on the scoring frequency.
Highest sensitivity and lowest false positive rates were selected as 0.154 and 0.079,
respectively, corresponding to a logistic regression predicted probability estimate of
0.0648 (~6.5%) which matches to a second cut off score of 64. As shown in Figure
(Figure 5F-1) the AUC was 0.685. In general, the closer the AUC is to 1.0, the better the

overall diagnostic performance of the test, and the closer it is to 5.0, the poorer the test o

The number and percentages of RSV-H for each risk group and their
corresponding score cut-off are provided in Table 5-10. The scoring tool distinguished
between low risk (infants with a 1.5% hospitalization rate) and higher risk infants (~5-6%
hospitalization rate) based on the three significantly independent risk factors, however it
fails to further distinguish between moderate and the highest at risk infants for RSV-H
(5.2% and 5.8% probability of RSV-H, respectively). Lastly, Table 5-11 provides the
mean predicted probabilities for the low, moderate and high risk groups, as well as the
relative risk estimates for RSV-H categorization (low vs. moderate risk and low vs. high

risk).

Assessing the Value of the Scoring Tool in Predicting Hospitalization

In order to answer the question “how much does the probability of having RSV-H
increase once an infant is categorized in a risk group?” the LR+ was assessed. The TP,
TN, FP and FN were used to calculate sensitivity, specificity. Sensitivity and 1-specificty
were used to calculate the LR+ for low, moderate and high risk groups. An LR of 1

means that the post-test probability is the exact same as the pre-test probability (3.1%
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RSV-H), while a LR less than 1 decreases the probability of disease. Table 5-12 indicate
LR+ 0f 1.95, 1.73 and 0.49 for the high, moderate and low risk groups, respectively. The
positive post-test probability of RSV-H was then calculated by multiplying the pre-test
odds (0.032) of obtaining RSV-H and the respective LRs for each level of risk for the
RSV-H scoring tool (Table 5-12). The LRs+ and the positive post-test probabilities
between high and moderate risk groups indicate very similar increases in the probability

of RSV-H, while the low risk group demonstrates a decrease in the probability of RSV-H.

Two 2x2 tables were constructed in order to further test the sensitivity and
specificity of the 41 and 64 point cut-off. TP, TN, FP and FN were used to calculate PPV
and NPV for both cut-off points. Results from the 2x2 table for the 41 point cut-off
between moderate risk and high risk (>42) and low risk (0-41) indicate a 71% sensitivity
and 60% specificity. The corresponding LRs are 1.78 and 0.56 (Tables 5-13). The 64
point cut-off between high risk (65-100) and moderate and low risk (42-64) provided
15% sensitivity and 92% specificity. The corresponding LRs are 1.88 and 0.95 (Table 5-
14). A post-test probability of 5.5% was calculated between moderate and high and low
risk groups, while the post-test probability between high risk and moderate and low risk

was similar, at 5.8%.

In other words, the scoring tool was capable of identifying between low risk
infants and moderate to high risk infants, however, the risk factors that make-up the
RSV-H scoring fail to further identify infants at highest risk of RSV-H; those who would
be the best candidates for Pz prophylaxis.
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Table 5-1: Characteristic of the Study Cohort at Baseline

Cohort Characteristics* N %  Missing
Values (%)

Birth Month (RSV season)

Born in December, January, February 652 23.0 O

Born March-November 2,159 77.0

Gestational age (GA)

32 weeks+0 days-32 weeks+6 days (224 to <231 days) 257 9.1 0

33 weeks+0 days-33 weeks+6 days (231 to <238 days) 422 15.0

34 weeks+0 days-34 weeks+6 days (238 to < 245 days) 762 27.1

35 weeks+0 days-35 weeks+6 days (245 to <252 days) 1,370 48.7

Chronological age (CA) at the start of RSV season**

<4 weeks (< 1 month of age) 207 7.4 0

>4 to <12 weeks (>1 month to < 3 months of age) 432 154

> 12 to < 24 weeks (>3 months to < 6 months of age 674 24.0

> 24 to 52 weeks (>6 months to one year of age) 1,498 53.2

Gravida < 5 years (Preschool aged siblings)

0 siblings 1,509 537 0

1 sibling 921 32.8

2 siblings 337 12.0

3 siblings 44 1.6

Birth weight (grams)

Normal birth weight (> 2500g) 2,076 74.0  6(0.2%)

Low birth weight (< 2500g) 729 26.0

Birth weight for gestational age

< 3" percentile 87 3.1 6(0.2%)

3" to < 5™ percentile 47 1.7

5™ to < 10™ percentile 162 5.8

10" to < 50" percentile 1,093  39.0

50™ to < 90" percentile 1,107 495

90™ to < 95™ percentile 158 5.6

95™ to < 97™ percentile 52 1.9

> 97" percentile 99 3.5

Infant sex

Male 1,303 46.4

Female 1,508 53.6

Passive household smoke exposure (Mother’s smoking status)

Yes 643 243 161 (6.1%)

No 2,007 75.7

Among smokers, pack (# cigarettes)/day at admission

0.5 pack pack/day (1 - < 12 cigarettes) 307 47.7 -

<1 but > 0.5 pack/day (12 < - <25 cigarettes) 178 27.7

>1 pack/day (25 - 87 cigarettes) 49 7.6

Amount unknown/day 109 17.0

Marital status

Married/Common-law 1,911 70.0 98 (3.6%)

Single/Divorced/Separated 802 30.0
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Cohort Characteristics* N %  Missing
Values (%)

Gravida < 18 years

0 siblings 1,284 457 0

1 sibling 883 31.4

2 siblings 436 15.5

3 siblings 137 4.9

4 siblings 45 1.6

5 siblings 19 0.7

6 siblings 6 0.2

7 siblings 1 0.04

Household crowding (> 5 individuals per household)

Yes 497 183 98 (3.6%)

No 2,216 81.7

Socioeconomic status (SES)

Highest 636 229  33(1.2%)

Upper-middle 535 19.3

Middle 499 18.0

Lower-middle 572 2.6

Lower 536 19.3

Breast feeding

Yes 1,765 63.8 45(1.6)

No 1,001 36.2

Apgar score at 1 minutes

Normal score (7-10) 2,140 76.5 13 (0.5%)

Low score (0-6) 658 23.5

Apgar score at 5 minutes

Normal score (7-10) 2,702 96.6  15(0.5%)

Low score (0-6) 94 3.4

Mode of delivery

Vaginal 1,649 587 O

Cesarean section 1,162 41.3

Maternal age

19 years or younger 123 4.4 0

20 to 24 years 492 17.5

25 to 29 years 810 28.8

30 to 34 years 885 31.5

35 years or older 501 17.8

Number of fetuses

Singleton 2,130 758 0

Twin 623 22.2

Triplet 58 2.1

PPRoM

Yes 992 353 0

No 1,816 64.7

Antenatal steroids

Yes 995 354 0

No 1,816 64.6

*The final study cohort consisted of 2,811 infants.

**Subject’s CA in weeks on December 1st during the one-year follow up after birth.




Table 5-2: Detailed Characteristic Description of Outcome Variables in the Study

Cohort
Cohort Characteristics* N %  Missing
Values (%)
RSV-associated hospitalization per fiscal year (N=88)*
1998 3 34 -
1999 4 4.6
2000 9 10.2
2001 - -
2002 11 12.5
2003 13 148
2004 17 193
2005 6 6.8
2006 22 25.0
2007 1 1.1
2008 2 2.3
RSV-associated hospitalization (ICD-CM code) (N=88)*
ICD-9-CM 007.9 (Viral infection) 1 1.1 -
ICD-9-CM 466.1 (Acute bronchiolitis) 13 148
ICD-9-CM 480.1 (Pneumonia due to RSV) 2 2.3
ICD-10-CM B97.4 (RSV) 6 6.8
ICD-10-CM J12.1 (RSV pneumonia) 2 2.3
ICD-10-CM J21.0 (Acute bronchiolitis due to RSV) 64 727

* RSV-associated hospitalization (RSV-H) is the dependent bivariate outcome measurement. A total of 88 per 2811
(3.1%) infants in the study cohort were admitted to hospital associated to RSV during the study’s 10-year period.

Table 5-3: Risk of RSV-Associated Hospitalization by Infant’s Birth Month (1998-

2008)

Birth Month
RSV-H* Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sept. | N Total
No (n) 224 | 216 | 215 212 186 243 223 242 243 253 | 240 226 2723
Yes (n) 7 5 11 15 13 8 5 3 3 5 8 5 88
Total N 232 | 222 | 227 230 199 251 230 245 246 260 | 260 232 2,811
% RSV-H | 3.0 | 2.3 4.9 6.5 6.5 3.2 2.2 1.2 1.2 1.9 |32 2.2 -

*A total of 88 infants with RSV-associated LRTI were admitted to hospital during the study’s 10 year period.
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Table 5-4: Incidence and Unadjusted Relative Risk Estimates of RSV-Associated

Hospitalization

Variable % RSV-H URR 95% CI  P-value
Birth Month (RSV season) *

Born in December, January, February | 5.98 (39/652) 2.64 1.75-3.98 0.0002
Born March-November 2.27(49/2,159) 1 - -
Gestational age (GA)

32 weeks+0 days-32 weeks+6 days 1.95 (5/257) 0.72  0.28-1.82 0.5876
(224 to <231 days)

33 weeks+0 days-33 weeks+6 days 4.50 (19/422) 1.66 0.97-2.87 0.1345
(231 to <238 days)

34 weeks+0 days-34 weeks+6 days 3.54 (27/762) 1.31 0.80-2.14 0.3528
(238 to < 245 days)

35 weeks+0 days-35 weeks+6 days 2.7 (37/1,370) 1 - -

(245 to <252 days)

Preschool aged siblings (< S years)*

> 1 siblings 3.8 (49/1,302) 145 0.96-2.20 0.0969
0 sibling 2.6 (39/1,509) 1 - -
Birth weight (grams)*

Low birth weight (< 2500g) 3.8 (65/1,705) 1.82 1.14-2.91 0.0093
Normal birth weight (> 2500g), 2.1 (23/1,100) 1 - -
Birth weight for gestational age

< 10™ percentile 4.1 (12/296) 1.33  0.74-2.43 0.4846
>10™ percentile 3.0(76/2,509) 1 - -
Infant sex

Female 3.3 (43/1,303) 1.10  0.73-1.67 0.7115
Male 3.0 (45/1,508) 1 - -
Passive household smoke exposure (Mother’s smoking status)*

Yes 5.3 (34/643) 210 1.36-3.18 0.0054
No 2.5 (51/2,007) 1 - -
Household crowding (=5 individuals per household)*

Yes 4.23 (21/497) 1.56 0.95-2.54 0.1488
No 2.71 (60/2,216) 1 - -
Socioeconomic status (SES)*

Highest 4.3 (27/636) 1.26  0.70-2.26 0.5275
Upper-middle 3.7 (20/535) 1.10  0.59-2.07 0.8734
Middle 2.6 (13/499) 0.77 0.38-1.56 0.5955
Lower-middle* 1.6 (9/572) 047 0.21-1.03 0.0875
Lower 3.4 (18/536) 1 - -
Breast feeding*

No 3.9 (39/1001) 146 0.96-2.22 0.1096
Yes 1.7 (47/1765) 1 - -
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Variable % RSV-H URR 95% CI  P-value
Apgar score at 1 minutes

Low score (0-6) 3.7 (15/397) 1.24 0.72-2.14 0.5619
Normal score (7-10) 3.0 (73/2,401) 1 - -
Apgar score at S minutes

Low score (0-6) 2.8 (1/36) 0.88 0.12-6.15 0.7082
Normal score (7-10) 3.15(87/2,760) 1 - -
Mode of delivery

Vaginal 3.3 (55/1,649) 1.17 0.77-1.80 0.5212
Cesarean section 2.8 (33/1,162) 1 - -
Maternal age

<25 years old 4.0 (27/681) 1.38 0.89-2.16 0.2267
>25 years old 2.9 (61/2130) 1 - -
Number of fetuses

Multiple (twins, triplets) 3.2 (22/681) 1.04 0.65-1.68 0.9639
Single 3.1 (66/2130)

PPRoM*

No 3.6 (66/1819) 1.64 1.02-2.63  0.0376
Yes 2.2 (22/992) 1 - -
Antenatal steroids

No 3.0 (55/1816) 0.91 0.59-1.40 0.7626
Yes 3.3 (33/995) 1 - -
Chronological age (CA) at the start of RSV season*"

31to <52 weeks 4.6 (53/1151) 2.2 1.43-3.32  0.0007
< 30 weeks 2.1 (35/1660) 1 - -
Student t-test: CA on December 1°' (weeks)*""

Outcome Mean (95% CI) SD Min-Max P-value
RSV-H 31.44 (28.0-34.9) 14.7 0-52 0.0027
No RSV-H 26.07 (25.5-26.6) 16.1 0-52

Note: Risk factor analysis cohort; 88 infants with RSV-associated LRTI admitted to hospital and 2,723 with no RSV-

associated LRTI hospitalization during follow up.

-URR - unadjusted relative risk.

*Indicates significant predictive variable as covariates (p-value < 0.15) in the bivariate analysis.
¥ To estimate RR for CA was transformed into a categorical (based on the results from the t-test), variable for the
univariate analysis, however was maintained as a continuous variable for the logistic regression.
“Student’s t-test comparing CA (means) on December 1st of the two groups (RSV-H, n=88, vs. no RSV-H, n=2,723).
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Table 5-5: Full Model with the Three Independent Predictors Associated With the
Risk of Hospitalization after the Stepwise Multivariate Logistic Regression Analysis

Predictive Variable OR (95% CI) p-Value

Estimate <0.05
Household crowding (= 5 individuals) 1.68 0.99-2.83 0.0538"
Born in December, January or February 2.58 1.62-4.09 <0.0001
Passive household smoke exposure 2.26 1.42-3.59 0.0006

Note: Logistic regression analysis; 76 infants with RSV-associated LRTI admitted to hospital and 2,407 with no RSV-

associated LRTT hospitalization.
*Crowding is just shy of the p <0.05 and therefore was included for analysis.
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Table 5-6A: Significant Interaction Between Passive Household Smoke Exposure
and Birth in December, January or February in Association with RSV-H

Passive Household Smoke Exposure and Born in December, January or February

Passive No Yes
household
smoke exposure
Born Dec.-Jan. Yes No Yes No
RSV-H N (%) N (%) N (%) N (%)
No 429 (93.9) 1527 (98.5) 149 (93.7) 460 (95.0)
Yes* 28 (6.1) 23 (1.5) 10 (6.3) 24 (5.0)

* Demonstrates the statistically significant interaction effect (p<0.0001) between passive smoke exposure and birth in
December, January or February in relation to the RSV-H.

Table 5-6B: Significant Interaction Between Apgar Score at 1 min and Passive
Smoke Exposure in Association with RSV-H

Apgar Score at 1 min and Passive Household Smoke Exposure

Apgar Score at Low score (0-6) Normal score (7-10)
1 min
Passive Yes No Yes No
household
smoke exposure
RSV-H N (%) N (%) N (%) N (%)
No 77 (93.9) 280 (96.6) 529 (94.8) 1668 (97.6)
Yes* 5(6.1) 10 (3.5) 29 (5.2) 41 (2.4)

*Demonstrates the statistically significant interaction effect (p=0.0065) between Apgar score at 1 min and passive
smoke exposure in relation to the RSV-H.

Table 5-6C: Significant Interaction Between Birth Weight for Gestational Age and
Passive Smoke Exposure in Association with RSV-H

Birth Weight for Gestational Age and Passive Household Smoke Exposure

Birth Weight Low (< 10th percentile) Normal (> 10th percentile)
for GA
Passive smoke Yes No Yes No
exposure
RSV-H N (%) N (%) N (%) N (%)
No 75 (93.8) 187 (96.9) 532 (94.8) 1766 (97.5)
Yes* 5(6.3) 6 (3.1) 29 (5.2) 45 (2.5)

*Demonstrates the statistically significant interaction effect (p=0.0094) between birth weight for GA and passive
smoke exposure in relation to the RSV-H.
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Table 5-7A: Model Fit Statistics for the Three Variable Model

Three-Variable-Model

Criterion Intercept Only Intercept and Covariates
AIC 699.956 672.305
SC 705.802 683.997
-2 Log L 697.956 668.305
Test Chi-Square DF Pr> ChiSq
Likelihood Ratio 29.6508 3 <0.0001
Score 33.5894 3 <0.0001
Wald 31.3574 3 <0.0001
R-square: 0.0115 Max-rescaled R-square: 0.0483

Note: Degrees of Freedom (DF).

Table 5-7B: Model Fit Statistics for the Three Variable Model + Interaction

Three Variable Model + Interaction

Criterion Intercept Only Intercept and Covariates
AIC 699.956 669.476
SC 705.802 681.169
-2 Log L 697.956 665.476
Test Chi-Square DF Pr> ChiSq
Likelihood Ratio 32.4793 4 <0.0001
Score 34.1601 4 <0.0001
Wald 31.4638 4 <0.0001
R-square: 0.0126 Max-rescaled R-square: 0.0528

Note: Degrees of Freedom (DF).
-Interaction = Passive household smoke exposure and infants born in Dec.-Jan.

Table 5-8: Predictive Variable Scores for RSV-H in the Nova Scotian 32-35 wGA

Predictive Variable RSV-H Relative RSV-H Score
B Coefficient B Coefficient
Household crowding (= 5 individuals) 0.255 0.224 22
Born in December, January or February 0.474 0.417 42
Passive household smoke exposure 0.408 0.359 36
TOTAL: - 1 100

Note: Logistic regression analysis; 78 infants with RSV-associated LRTI admitted to hospital and 2,478 with no RSV-

associated LRTI hospitalization.
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ROC Curve for Model
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Figure 5F-1: Receiver operating characteristic analysis for RSV-H scoring tool for
the three variable predictive model

Note: Sensitivity (the proportion of true positives results) is shown on the y axis, going from 0-1 (0-100%) and 1-
specificity (the proportion of false positives) is sowing on the x-axis, going from 0-1 (0-100%).
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Table 5-9: Receiver Operating Characteristics, Probability Level, Sensitivity,
1-Specificity and Associated RSV-H Score (0-100)

RSV-H TP TN FP FN Sensitivity 1-Specificity | RSV-H
Probability Score
level (0-100)
0.135 2 2,455 23 76 0.036 0.009 100
0.086 10 2,338 140 68 0.128 0.056 78
0.065 12 2,282 196 66 0.154 0.079 64
0.057 20 2,200 278 58 0.256 0.112 58
0.040 41 1,842 636 37 0.526 0.257 42
0.035 55 1,494 984 23 0.705 0.397 36
0.026 63 1,211 1,267 15 0.807 0.511 22
0.016 78 0 2,478 0 1 1 0

Note: Event=RSV-associated hospitalization (RSV-H), Nonevent=No RSV-associated hospitalization (no-RSV-H).
-Predictive tool analysis; 78 infants with RSV-associated LRTI admitted to hospital and 2,478 with no RSV -associated
LRTI hospitalization. There were 255 infants that had missing values for the three predictive variables included in the
RSV-H scoring tool, therefore were excluded for the final RSV-H analysis.

-Sensitivity (rate of hospitalized infants correctly predicted, or “true positives ratio”) and specificity (rate of non-
hospitalized infants correctly predicted or “true negative ratio”).

Table 5-10: Number and Percentage of RSV-H by Risk Group and Score Range

Risk group Score range RSV-H No RSV-H Total
n (%) n (%)

Low risk 0-41 23 (1.5%) 1,494 (98.5%) 1,517

Moderate risk | 42-64 43 (5.2%) 788 (94.8%) 831

Highest risk 65-100 12 (5.8%) 196 (94.2%) 208

Note: Predictive tool analysis; 78 infants with RSV-associated LRTI admitted to hospital and 2,478 with no RSV -
associated LRTI hospitalization. There were 255 infants that had missing values for the three predictive variables
included in the RSV-H scoring tool, therefore were excluded for the final RSV-H analysis.

Table 5-11: Group Categorization, the Mean Predicted Probabilities and Relative
Risk Estimates for RSV-Associated Hospitalization

Risk group Score  Mean predicted Relative risk estimates
Categorization | range probability of RSV-H  (comparing means
between low risk level)

Low risk 0-41 0.0212 -
Moderate risk | 42-64 0.0433 2.04
High risk 65-100 0.0860 4.05

Note: Predictive tool analysis; 78 infants with RSV-associated LRTI admitted to hospital and 2,478 with no RSV-
associated LRTI hospitalization. There were 255 infants that had missing values for the three predictive variables
included in the RSV-H scoring tool, therefore were excluded for the final RSV-H analysis.

-Low risk n = 1,879; moderate risk group n = 469; and high risk group n = 208.
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Table 5-12: Test Properties of RSV-Associated Hospitalization

Scoring Tool RSV-H No RSV-H LR+ | + Post Test

Results: N | TP/(TP+FN)= | N TN/(FP+TN)= Probability
Sensitivity Specificity

High Risk 12 | 12/78=0.154 196 196/2,478=0.079 1.95 6.2%

Moderate Risk | 43 | 43/78=0.551 440 788/2,478=0.318 1.73 5.5%

Low Risk 23 | 23/78=0.295 1,842 | 1,494 /2,478=0.603 | 0.49 1.6%

Total: 78 | - 2478 | -

Note: Predictive tool analysis; 78 infants with RSV-associated LRTI admitted to hospital and 2,478 with no RSV-
associated LRTT hospitalization. There were 255 infants that had missing values for the three predictive variables
included in the RSV-H scoring tool, therefore were excluded for the final RSV-H analysis.

-LR=Likelihood ratio; LR+ = sensitivity/ (1-specificty).

-Pre-test rate of RSV associated hospitalization = 3.1% (88/2,811).

-Positive post-test probability; calculated from post-test odds ((pre-test odds)*(LR+)).

Table 5-13: Results of the RSV-H Scoring Tool for the 41 Point Cut-Off Between
Moderate and High Risk (>42) and Low Risk (0-41):

Scoring Tool Cut Off:
Moderate and High risk (>42) RSV-H (+) No RSV-H () Total
and
Low risk (0-41)
Scoring Tool + TP =155 FP =984 1,039
(Positive predictive outcome;
RSV-H)
Scoring Tool — FN =23 TN = 1,494 1,517
(Negative predicted outcome;
no RSV-H)
Total 78 2,478 2,556
Sensitivity 71% Likelihood Ratio + | 1.78
Specificity 60% Likelihood Ratio — | 0.56
PPV 5% Positive Post Test | 5.5%
NPV 98% Probability

Note: Predictive tool analysis; 78 infants with RSV-associated LRTI admitted to hospital and 2,478 with no RSV-
associated LRTI hospitalization. There were 255 infants that had missing values for the three predictive variables
included in the RSV-H scoring tool, therefore were excluded for the final RSV-H analysis.

-Pre-test probability for infants = 3.1% (78/2,556).

-Pre-test odds = 0.031/(1-0.031)=0.032.

-TP (# of correctly predicted events); TN (# of correctly predicted non-events); FP (# of non-events predicted as
events); FN (# of events predicted as non-events).

-Sensitivity = TP/(TP + FN).

-Specificity = TN/(TN + FP).

-PPV=TP/(TP+FP).

-NPV= TN/(TN+FN).

-LR=Likelihood ratio; LR+ = sensitivity/ (1-specificty), LR- = (1-specificty)/sensitivity.

-Pre-test rate of RSV associated hospitalization = 3.1% (88/2,811).

-Positive post-test probability; calculated from post-test odds ((pre-test odds)*(LR+)).
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Table 5-14: Results of the RSV-H Scoring Tool for the 64 Point Cut-Off Between
High Risk (65-100) and Low and Moderate Risk (0-64):

Scoring Tool Cut Off: RSV-H (+) No RSV-H () Total
High risk (65-100)
and
Low and Moderate risk (0-64)
Scoring Tool + TP =12 FP =196 208
(Positive predictive outcome;
RSV-H)
Scoring Tool — FN =66 TN =2,282 2,348
(Negative predicted outcome;
no RSV-H)
Total 78 2,478 2,556
Sensitivity 15% Likelihood Ratio + 1.88
Specificity 92% Likelihood Ratio — 0.95
PPV 5.8% Positive Post Test 5.8%
NPV 97% Probability

Note: Predictive tool analysis; 78 infants with RSV-associated LRTI admitted to hospital and 2,478 with no RSV -
associated LRTI hospitalization. There were 255 infants that had missing values for the three predictive variables

included in the RSV-H scoring tool, therefore were excluded for the final RSV-H analysis.
-Pre-test probability for infants = 3.1% (78/2,556).

-Pre-test odds = 0.031/(1-0.031)=0.032.

-TP (# of correctly predicted events); TN (# of correctly predicted non-events); FP (# of non-events predicted as

events); FN (# of events predicted as non-events).

-Sensitivity = TP/(TP + FN).
-Specificity = TN/(TN + FP).
-PPV=TP/(TP+FP).

-NPV= TN/(TN+FN).

-LR=Likelihood ratio; LR+ = sensitivity/ (1-specificty), LR- = (1-specificty)/sensitivity.

-Pre-test rate of RSV associated hospitalization = 3.1% (88/2,811).

-Positive post-test probability; calculated from post-test odds ((pre-test odds)*(LR+)).
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CHAPTER 6: DISCUSSION

6.1 MAJOR FINDINGS

6.1.1 Risk Factors Attributable to RSV-Associated Hospitalization

This thesis aimed to identify risk factors in Nova Scotian infants 32-35 completed
wGA that were associated with RSV-H during the infant’s first year of life. The
multivariate logistic procedure included 76 infants with RSV-H and 2,407 infants with no
RSV-H due to missing values for the risk factors included in the final scoring tool.
Independent predictors for RSV-H were infants born in December, January or February,

passive household smoke exposure and household crowding.

Birth Month

Birth month was defined as infant’s birth in December, January or February and
was compared to infants born March-November. Logistic regression analysis indicated
the highest odds of hospitalization (OR=2.58; 95% CI=1.62-4.09; p<0.0001) associated
to Dec.-Jan. birth month. In the PICNIC study, birth between November and January was
one of the five independent predictors for the increased risk of RSV hospitalization H
(Table 2-3). Additionally, a study conducted in Germany concluded that birth discharge
between October and December was associated with a higher risk of hospitalization (OR:

2.1; 95%CIL: 0.99-4.4) °°.

In the Northern hemisphere, RSV epidemics peak in February and March. In
Canada, RSV season usually begins between November and January and persists for four
to five months as stated by the Public Health Agency of Canada *’. Appendix C shows
the number of RSV positive laboratory isolates per month in Canada between 1997 and
1998 as reported by the Notifiable Disease Reporting System, Division of Disease
Surveillance, Centre for Infectious Disease Prevention and Control, Health Canada. The
figure indicates that the highest associating rates of RSV begin in December, with the
highest peak occurring in January and February and eventually tapering off in April **.

RSV season varies across Canada, but by using NS data, we were able to view the
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province’s RSV seasonal variation in detail. Our data indicated that the peak of RSV
hospitalization in NS between 1998 and 2008, among infants 32-35 wGA, occurred in
January and February (~6.5% RSV-H; Table 5-3).

In an extensive review of the literature, Simoes et al. conclude that birth during
the first half of the RSV season is a risk factor for both the development of RSV LRTI as
well as RSV hospitalization . Birth during the peak months of an RSV seasonal
outbreak would increase the frequency of exposure to the virus at a very young age.
Simoes et al. also state that maternal antibodies titers to RSV show a seasonal variation
with lower levels within the first half of the RSV season due to the fact that mothers have

not been exposed to RSV.

The two Spanish Flip and Flip-2 studies, however, demonstrated that infants with
chronological age < 10 weeks at onset of RSV season were at higher risk for
hospitalization. In our logistics regression analysis, CA was not found statistically
significant with RSV-H. This is indicative that infants born specifically during the peak
months of RSV activity in NS (Dec.-Jan. between 1998-2008) are most susceptible to

severe infection.

Passive Household Smoke Exposure

Mother’s smoking status at the time of delivery was used as a proxy measurement
for passive household smoke exposure. Infants with passive smoke exposure

demonstrated an OR associated with RSV-H of 2.26 (95% CI=1.62-4.09; p<0.0006).

A recent systematic review on the role of environmental tobacco smoke (ETS)
exposure as a risk factor for serious RSV disease among infants and young children
concluded that there was ample evidence that ETS increases the risk of RSV-attributable
hospitalization . The review highlights a number of different study designs
(retrospective, prospective, case-control) among different populations (premature infants,
general population). In most studies, data on the child’s ETS exposure level were

gathered from parent or caregiver report, whether through direct data collection for the
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study or, through retrospective review of the mother’s prenatal health records. The
studies compare different definitions for ETS exposure (maternal smoking during
pregnancy, parental smoking at home, > 2 smokers in the household) as well as different
definitions for the outcome measurements (RSV LRTI, RSV hospitalization, length of

hospital stay).

Among the studies in premature infants, 5 studies assessing laboratory-confirmed
RSV !1-20-21.65.68 £51,1d ETS exposure to be a significant risk factor in either bivariate or
multivariate analysis. Significant results in the multivariate analysis were seen in the
prospective PICNIC study which defined smoke exposure as > 2 smokers in the
household (OR 1.71; 95% CI1 0.97-3.00; P= 0.064) while the FLIP-2 study classified
smoke exposure as maternal smoking during pregnancy (OR=1.61; 95% CI=1.16 -2.25;
p=0.0044). In comparing our study to the PICNIC and FLIP-2 study, there were
variations in data collection, definition of ETS or the potential misclassification of RSV
disease (ICD-CM codes vs. laboratory testing for RSV). These differences may produce a
bias leading to either an over or underestimate of the true ETS exposure risk or to a null
finding. In particular, the difference in definitions and data collection (prospective vs.
retrospective) for smoking exposure between our study and that of the prospective

PICNIC study would elucidate the variation in ORs within the Canadian population.

Regardless of the variation in strength, the evidence presented for the association
between ETS and severe RSV infection is convincing because different patient
populations in a variety of countries and cultures have been studied using different
methodology ®°. Our findings provide additional rationale for the health promotion and
prevention of smoke exposure, especially high-risk groups, such as premature infants

who are at an increased risk for serious RSV disease.

Household Crowding

Household crowding was defined as > 5 individuals per household counting the

study subject. The number of previous deliveries in proceeding 18 years (gravida) and
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marital status (single vs. married) was used as a proxy for the variable. In the multivariate

analysis, household crowding demonstrated an OR=1.68 (95% CI1=0.99-2.83; p=0.05).

Residential crowding can facilitate the spread of RSV infection through viral
shedding under close contact conditions, increasing the likelihood of exposure to the
virus. A recent systematic review assessed the association between crowding in the home
and the increased risk of severe RSV disease in children (< 5 years old). Among all
studies, crowding was measured in numerous ways; number of residents per household,
room or square meter. Others measured the number or age of children or siblings in the
home or how many individuals shared the subject’s bed. Most of the studies examined
laboratory-confirmed RSV hospitalization outcome (other outcome measurements
included confirmed diagnosis and treatment in the in the emergency department,
outpatient clinic, hospital or pediatricians office) *' . Significant effects > 1 were
consistent across different populations (i.e. native race, premature infant, and the general
population), study design (case control, prospective, retrospective) and across multiple

: 1
countries 8 .

Exposure to RSV disease in a crowded environment is of concern for premature
infants who have an augmented risk of developing more severe disease. The case-control
study by Figueras-Aloy et al. found an association with crowding (defined as four or
more household inhabitants, not including school-aged siblings or the study subject).
However, this variable was not significant in the larger FLIP-2 study. The PICNIC study
found that infants in homes with five or more residents were significantly at risk of
hospitalization due to RSV. These results were comparable in the magnitude of effect
size to our study (OR=1.69 vs. 1.68 respectively), despite the difference in
methodological design, data collection and definition of crowding and outcome

measurement (ICD-CM codes vs. laboratory testing for RSV).
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6.1.2 Significant Interaction Effects Between Predictive Variables in Association
with RSV-Associated Hospitalization

Interpreting the independent contribution of each risk factor attributable to RSV-
H becomes challenging when certain variables closely relate to one another in the
multivariate analysis. Effect modification occurs when the effect measure (i.e. RR, OR)
depends on the level of another factor (also known as interaction effect). In other words,
two risk factors are considered to be independent if their effects are additive, and they are
considered to interact if their joint effect is different from the sum of their independent
effects. When interpreting the interaction of two risk factors on RSV-H, we used a
multiplicative model (i.e RR measure) to adjust for all other potential confounders. We
calculated and interpreted both the independent and joint effects of the risk factors under

consideration using relative risk measurement.

Significant Interaction Effects

Birth in December-February as well as exposure to tobacco smoke were the most
significantly independent predictors of RSV hospitalization, as well, demonstrated the
most significant interaction effect (p<0.0001) (Table 5-6b) in the univariate analysis.
Results indicate the relationship between birth in Dec.-Jan. and exposure to smoking
jointly increasing the risk of RSV hospitalization. To our knowledge no study has
interpreted the combination effect on birth month and smoking. The same can be said for
the interaction and combination effect between passive household smoke exposure and
both low Apgar score at 1 minute (p=0.0065) as well as weight for gestational age
(p=0.0094). Independently, small for gestational age has only otherwise been examined
and found significant in the Canadian PICNIC study. This is the first study to look at the
relationship between Apgar score and RSV-H. The potentially modifiable smoking
variable in addition to the non-modifiable risk factors (birth month, low apgar score a low

weight for GA) indicated heightened risk of RSV-H in the univariate analysis.

Interaction Effects in the Three Variable Model

The inclusion of these significant interactions within the three variable predictive
model was an attempt to control for any multipliable interaction effects between risk

factors. In addition, to further interpret the question, “Do the non-modifiable risk factors
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depend on smoking in relation to RSV-H outcome?” Smoking and birth month was the

only interaction that remained significant in the multivariate analysis.

In any observational study, it is difficult to assess the direct source of ETS
exposure. The variation in definition of ETS as well as the different methods of collecting
the data may introduce unknown confounders as well as reporting bias. In addition, ETS
exposure can come through many avenues, making it hard to find the direct source of
measurement. Examples include in utero exposure through active and passive maternal
smoking and postnatal exposure from parents, caregiver and other individuals living at
the home. To further complicate things, ETS exposure can also occur in public places
such as day care settings and other residences of friends and family. Lastly, ETS smoke
exposure is known to interact closely with other variables, however the causal
mechanism underlying the epidemiologic association between ETS and the severity of
RSV infection is unclear ®*°. One can assume however, that regardless of the direct
source, an infant’s level of exposure to ETS would be elevated when situated in a closed
indoor space in comparison to the open outdoor environment. Environmental air
pollutants such as tobacco smoke and ambient air pollutants make children more
susceptible to acquiring an RSV infection. The more pollutants a child is exposed to
increases the likelihood of a severe infection °® . In terms of the interaction effect, we
can hypothesize on the increased frequency of ETS exposure for infants born in the
colder winter months in NS, who would spend a greater deal of their early life (when

most susceptible to infection) indoors in comparison to infants born in warmer months.

6.1.3 Respiratory Syncytial Virus Scoring Tool

The purpose of the RSV-H scoring tool was to develop a clinical instrument based
on risk factors present at birth that would discriminate between infants at high, moderate
and low risk for RSV-H. Given the high cost of RSV prophylaxis, identifying the highest-
risk infants would help to target local health interventions and cost effective strategies.
The model assigned individual weights (based on B coefficients) to the three significant
risk factors. Each risk factor was identified as being either present or absent, with a

positive answer being assigned a pre-determined score between 22 and 42, while a
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negative answer was assigned a score of zero. The final score was the sum of the
individual scores ranging from 0-100 (Table 5-8). ROC analysis was conducted in order

to discriminate between infants with low, moderate and high risk of RSV-H.

We tabulated 1) the predicted probability of an RSV-H event, 2) the sensitivity of
the model, 3) the specificity of the model and 4) the AUC of the overall model. Highest
sensitivity and lowest false positive rates identified by the RSV risk scoring tool provided
a cut-off value of 41, between low risk infants (0-41) and moderate and high risk infants
(>42). The tool determined a second cut-off score of 64 between moderate (42-64) and
high risk infants (65-100). In other words, the scoring tool distinguishes between low risk
(infants with a 1.5% RSV-H), moderate risk (5.2% RSV-H) and high risk infants (5.8%
RSV-H) (Table 5-10).

Comparing the results from the 2x2 tables (Table 5-13, 5-14) indicate that the
determination of the cut off between low and moderate risk and high risk infants (64
point cut-off), decreased the scoring tools sensitivity (71% vs. 15% respectively),
however, it increased its specificity (60% vs. 92% respectively). Results indicate that the
multifactorial scoring tool for RSV-H may not be valid for determining the proportion of
truly hospitalized infants (TP) in the highest risk category, those infants 32-35 wGA who

would most benefit from Pz prophylaxis.

Predictive Values of the RSV-H Scoring Tool

The PPV calculations were very similar when comparing the results from the 2x2
tables; 5 vs. 5.8% for the 41 and 64 point cut-off, respectively. Infants classified in the
higher risk group did not necessarily have an overall higher probability of RSV-H in
comparison to those with lower scores. The LR was calculated in order to determine
whether knowing the results of the scoring tool (post-test probability) would improve on
the pre-test probability of RSV-H. In general, the higher a LR+, the greater the difference
between pre and post-test probabilities of the stronger it is in predicting outcome.
Conversely, the smaller the LR—, the better it is in predicting the absence of the outcome.

LR+ of 1 to 2 and negative LR— of 0.5 to 1 alter probability to a small (and rarely
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important) degree in clinical practise '°°. Our LRs+ were very similar between both cut-
off points (LR+1.78 vs. LR+ 1.88, Tables 5-13 and 5-14). The LRs indicate that the post-
test probability is slightly greater than the pre-test probability at both cut-off points,
however, overall the scoring tool adds little additional value for clinicians who wish to

identify infants at highest risk (65 point cut off).

The sensitivity and specificity of the PICNIC predictive tool were 68% and 72%
respectively. The FLIP study found a 62% sensitivity and 66% specificity respectively in
the study’s validation of the predicting tool "', Several other models have been

developed and validated % 101-102

. These models, also based on logistic regressions,
varied between 8-6 variable models ®. Sensitivity of the models ranged from 0.51-0.88
and specificity ranged from 0.63-0.72 *°. PPV % ranged from 13-75%, NPV % ranged
from 73-99% while LR for a positive outcome (RSV-H) ranged from 1.46-3.17 among
the European models. It is important to note that these models optimized which variables
would discriminate between only two groups; RSV hospitalized vs. non RSV-
hospitalized premature infants (33-35 wGA). Our results lie in between these ranges
when distinguishing between low and moderate/higher risk infants, still, when attempting

a second cut-off, our tool was unsuccessful at predicting between moderate and the

highest risk infants.

Post-Test Probabilities of the RSV-H Scoring Tool

By multiplying the pre-test odds by the LR (converting between odds and
probabilities, section 4.4.4), the post-test probabilities confirmed similar results and
provides further insight on the tools validity in clinical practice. The post-test
probabilities were very similar between both 41 and 64 points cut-off (5.5% vs. 5.8%,
respectively). Overall, this indicates the scoring tools inability to target those at the
highest risk for RSV-H. Additionally, the post-test probabilities are not very different
than the pre-test probability of 3.1%, decreasing its overall validity for clinical

application.
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6.2 HEALTH CARE PRACTICE IMPLICATIONS OF THE SCORING TOOL

To be helpful in a clinical practice, a predictive model must discriminate between
infants who will be hospitalized and those who will not be hospitalized. Although our
scoring tool accurately classified lowest risk infants apart from moderate/high risk
infants, it failed to accurately predict infants at the highest risk for RSV-H. This is
particularly important given the high cost of palivizumab prophylaxis for treatment and

prevention of severe RSV disease.

A multifactorial scoring tool for RSV-H estimated from information collected
from administrative databases may not be valid for targeting premature infants 32-35
completed wGA at highest risk RSV-H. However, our findings will add to the current
literature for infants in the 32-35 wGA, specifically in NS. Risk factors associated with
more severe illness associated with RSV were identified among 32-35 wGA among
premature infants in NS; passive household smoke exposure, household crowding and
birth in December, January and February. Understanding an infant’s risk based on both
modifiable and non-modifiable risk factors can result in appropriate health preventative
strategies as well as provide evidence based information to parents/caregivers. All
individuals should be provided this information and educated on what they can do to help

prevent severe RSV infection.

Our study indicated that infants that are exposed to household smoke are at a
much higher risk for RSV-H. The prevalence of maternal smoking in Canadian mothers,
at 13.4%, has been gradually declining. On the other hand, the rate in NS mothers, at

' In addition to the alarmingly high rates of

23.6%, has increased over the past decade
maternal smoking in the province, the results from this study should encourage health
professionals to prioritize educational practices on this modifiable risk factor. Mothers
who continue to smoke in the home should be made aware of the risk associated between

smoking and RSV-H, especially if their child is at high risk (i.e. premature).

Although birth month is a non-modifiable risk factor, the cumulative effect of

multiple risk factors in this study has shown an increased risk for RSV-H and should be
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considered during the decision making process for receipt of Pz. Premature infants may
be more vulnerable to the negative impact of household crowding, such as increased
exposure to RSV through contact with more people. Caregivers should be educated on
frequent hand washing and wiping of hard surfaces with soap and water or disinfectant
which may help stop infection and spread of RSV, particularly in high density
households.

For the NS population, the development of the RSV-H scoring tool provided
further insight on modifiable risk factors such as smoking as well as non-modifiable risk
factors such as household crowding and birth during the peak months of the province’s
RSV season (in addition to 32-35 weeks GA). Additionally, the combination of ETS with
certain non-modifiable risk factors (i.e. birth during Dec-Jan.) may pose an even greater
risk of severe RSV infection. In terms of clinical use, the RSV-H scoring tool could be
used as an educational guideline for health professionals, outlining the importance of
both modifiable and non-modifiable risk factors to parents and caregivers, specifically for

infants born 32-35 weeks GA.

Of importance is the awareness that the assessment of risk factors for this study
was applied primarily to a cohort of infants defined by a set of clinically relevant
variables, rather than directly to individuals. In a clinical practice, the overall risk-benefit
assessment for Pz administration would be case by case depending on the clinical setting.
Therefore, our risk assessment for the NS population serves only as a guideline and
should not be taken as an absolute definition of high risk. Several promising risk factors
(e.g. child care attendance) remain to be investigated for this patient population. The
infants or siblings of the infant attending day cares bring an at-risk child into close
proximity with potentially infected individuals. Day care attendance had the largest
independent impact on hospitalizations for RSV in the PICNIC study. Additionally, the
AAP suggests child care attendance as one of the two risk factors used in their
recommendation for RSV prophylaxis. Our study was unable to include child care

attendance as a predictive variable for analysis. While the choice of predictors for this
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study was restricted to variables available in the administrative database, future cohort

studies should consider including these important predictors in their study design.

There are certain inconsistencies throughout the studies attempting to define risk
factors associated with RSV-H, however, other Canadian studies have underlined the
importance of day care attendance as a risk factor for RSV-H. It is important that local
data in addition to the current recommendations by both the CPS and AAP be used as a
guideline when providing care to patients at risk for RSV-H. For these infants, major risk
factors including birth month, ETS exposure, living conditions, including crowding, and
day care attendance should be included when making educated decisions regarding

optimal care.
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6.3 STRENGTHS AND LIMITATIONS

To the author’s best knowledge, this was the first retrospective cohort study
conducted in Canada that examined information present at baseline for premature infants
born 32-35 wGA for ten consecutive RSV season years. The 10 RSV seasons provided
inclusion of 88 infants hospitalized for RSV compared to the smaller 66 hospitalized
cohort studied in the previous Canadian PICNIC study for analysis ''. In addition, the
extensive information present in the Atlee database, allowed this study to examine
variables associated with RSV-H that have not been previously studied in Canada; Apgar

score, SES, PPRoM and antenatal steroids.

Despite the strengths, our study has a number of limitations. Due to its
retrospective nature, analyses of certain predictive variables potentially associated with
RSV hospitalization were not available. For example, we could not assess information on
daycare attendance, family history of allergies/ respiratory disease, low maternal RSV
antibody levels, and race/ethnicity, all of which the literature suggests are likely
contributed to RSV hospitalization. We were only able to provide proxy variables for the
presence of preschool aged siblings, household crowding, and SES. The assumption is
made when looking at crowding or household environment, assuming that marital status
is unchanged and all infants and previous births aged <18 at the time the baby was born
still live in the household. Looking at socioeconomic status, family income was
estimated using neighborhood income from census data, and factors related to social
status were unavailable. While census data have been used as a proxy for income in other

studies, this measure cannot be interpreted as if it were collected at the individual level
104

The percent of missing values in our study was relatively low, therefore the effect
of the missing data was not believed to have an overall direct impact or lead to any bias
in our results. Certain variables were self-reported by the mother, such as smoking status,

which introduces the important risk of reporting bias among the predictive variables.
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We also determined three statistically significant interaction effects that appeared to
slightly increase our three variable model’s predictive capability through stepwise logistic
analysis. A statistical interaction occurs when the effect of one independent variable on
the dependent variable changes depending on the level of another independent variable.
The two variables interacting, passive household smoke exposure and birth in Dec.-Jan.,
lead to results that were not anticipated on the basis of the main effects (the effect of each
single risk factor associated with RSV-H, ignoring the effect of all other independent
variables). Our inability to precisely control for these potentially multi-factorial
associations in our final model may have contributed to bias leading to either an over or
underestimate of the strength of association between the predictive variables under

investigation and RSV-H.

The use of the CIHI’s ICD-CM codes as our outcome measurement for estimates
of RSV-H is subject to misclassification. True cases of RSV may not have been captured
because of failure to conduct a laboratory test of the pathogen. This prohibited us to
accurately determine whether laboratory confirmation of RSV was available, and if
available whether or not it indicated a positive RSV result. The study makes an
assumption that those health care professionals who make the final diagnosis for RSV
specific disease had reason to believe that RSV was the cause for illness. Furthermore,
reliance on RSV-specific ICD-CM diagnoses is subject to an unknown magnitude of
error, including incomplete information and miscoding. If by example true RSV infected
patients were coded as unspecified pneumonia or bronchiolitis instead of RSV
pneumonia (J12.1) or acute bronchiolitis due to RSV (J21.0), the RSV-coded diagnoses
would be more likely to be underestimated in the patient discharge'®. Lastly, a study
compared virology reports from laboratory-confirmed RSV cases with the primary and
secondary diagnostic code in the patient’s records between October, 1996, and May,
1999. The RSV-specific diagnostic code was used for only 77% of the laboratory-
confirmed cases '*>. These findings suggest that the actual number of cases could be
substantially greater. If it the number of RSV-H cases reported in Table 2 were indeed
underestimated, the actual cases of RVS-H would be greater than the estimates reported

here. If indeed there were higher annual number of RSV-H in the province, additional
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analysis on certain risk factor associated to RSV-H could have provided a more accurate
depiction of the overall effect of risk factors. In order to illustrate the change in overall
effect size of risk factors, the OR (the odds of the outcome in one group divided by the
odds of the outcome in the other group) is interpreted. Here, p; refers to the probability of
the outcome in group 1, and p, is the probability of the outcome in group 2.
p1/(1- p1)
Odds Ratio= ——————
p2/(1- p2)

One could hypothesize that an increase in the probability of RSV-H in group 1, would

increase the overall effect size (OR) for that particular risk factor.

A study that tested the accuracy of ICD-CM codes in detecting community-
acquired pneumococcal pneumonia for incidence and vaccine efficacy concluded that
without the ability to validate diagnoses by review of medical charts, researchers must
carefully decide which codes would minimize misclassification. The authors go on to
suggest that the selection of the most specific ICD code or group code of ICD-CM codes
to identify the disease under investigation should be conducted. Table 4-1 provides the
description on the ICD-CM codes selected for this study. Only the RSV-specific diagnosis
codes were chosen for analysis. Narrowing the definition for RSV by selecting only
RSV-specific codes was elected as the most accurate definition for the required outcome

definition.

The application of a retrospective study design invites discussion of
methodological limitations. The major weakness of retrospective data is that they are
often incomplete. For example, information on infant data using the NSPAD as well as
the CIHI’s data on outcome measurement is not a true depiction of the 32-35 wGA cohort
in NS. Infants whose clinical diagnosis of RSV was not confirmed through ICD-CM code
would not have been captured in the study cohort. The true rates of potential risk factors

and RSV-H could be either under or overestimated (both the numerator and or
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denominator that make up the potential effect). Therefore, overall rates may not be a true

representation of the actual effect.

The unavailable data of potentially important risk factors and of course our
inability to precisely measure our proxy variables, demonstrates the inherently difficult
accuracy is assessing data collected in this retrospective nature. Prospective studies such
as the PICNIC study, on the other hand, often allow follow up that provide investigators
the ability to measure important variables completely and accurately. Our study was
however able to include 10 separate RSV seasons for analysis. This longer time period
allowed for cases of RSV-H to appear periodically throughout the study, which
minimized bias due to seasonal variations, for example. Additionally, in order to collect
enough provincial data for significant results, a single RSV season would not suffice in

NS.

Observational studies are prone to incomplete data and other unmeasured
confounders. There are always certain limitations imposed by how and what data are
captured within a given dataset. Among the many large epidemiological studies of RSV
hospitalization conducted in Spain, the smaller case-control study by Figueras-Aloy et al.
found an association with crowding, however this variable was not significant in the
larger 2-cohort study (Flip-2) *. Since RSV infections were likely to have been the most
severe cases, this might have led to selection bias in constructing the dataset.
Additionally, the FLIP study matched variables between the hospitalized cases and the
controls. There is always a possibility that matching for known factors will also indirectly
match and confound unknown related factors. This may lead to a reduction in the

significance of each separate risk factor, leading to spurious results.

Confounding bias is another potential obstacle when determining the association
between certain risk factors and RSV-H in observational studies. Interpreting accurate
effect measurements from the regression analysis can prove challenging as results may be
confounded by inclusions of variables that closely relate to each other. Differentiating

independent sources of exposure cannot be defined with certainty. Smoking status as a
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well-known association with SES, as well, SES has been linked as a predictive effect of
ETS exposure in children '®. In addition to SES, smoking status is also predicted by race,
educational attainment, and marital status '*’. As previously illustrated, tobacco smoke
exposure is also a known risk factor for serious RSV disease **°. Residential crowding
likely increases the child’s exposure to RSV, but residential crowding also have been
identified as a proxy for SES '®. Smoking during pregnancy increases the risk of adverse
outcomes, such as fetal growth restriction and preterm birth ' ''°, which are both risks
for severe RSV disease. These are all examples illustrating potential confounders, leading
to spurious findings in the overall effect or risk factors in relation to RSV severe disease.
This study conducted multivariate analysis to control for potential confounders; as well
included statistical modeling incorporating significant interaction effects for further
analysis and interpretation. In reporting future studies, greater details about effect
modification(s) may aid in assessment of the potential true independent interaction(s)

between risk factor(s) and serious RSV disease.

Lastly, the results of this investigation will be based solely on information
collected from residents of NS, and although useful for stakeholders throughout this
Canadian province, caution should be taken when applying this information to clinical
decision-making and public health agencies in other geographic locations. For example,
Canadian Inuits tend to live in small houses with a median of six persons per house, with
limited natural air exchange, and 94% of the households include tobacco smokers ',
Dramatically higher rates of hospitalization with bronchiolitis have been described in
isolated Inuit populations in Canada: (590 per 1000 infants in the first year of life in the
Kitikmeot region of Nunavut between 2000 and 2004). It is likely that approximately

one-half of such cases are due to RSV infection '

. This is not a reasonable comparison
to the population of moderately premature infants 32-35 wGA used to provide results for

this study.
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6.4 FUTURE DIRECTIONS

Further research is required on certain variables within the NS population born
32-35 wGA. Although there is a growing body of evidence suggesting that ETS exposure
places infants and young children at increased risk of RSV-H, misclassification of ETS
exposure is a continual challenge in studying associations of ETS exposure with disease.
There is still a debate regarding the level of exposure and the avenue of ETS exposure,

not just whether an infant has been exposed to tobacco smoke % ''*- 14,

The Atlee database lacked sufficient information regarding daycare attendance,
which in addition to preschool age siblings, is used by the AAP in their current
recommendation of risk factors for RSV prophylaxis. It may be that certain risk factors
are in association with other variables (interaction effect); hence its overall impact in the
model is diluted. Specifically, this can be said for low Apgar score and weight for GA in
relationship with passive household smoking. Whether certain variables act
independently or additively and whether or not these variables warrant inclusion in the
model is subject to further investigation. To examine the accuracy of risk factors
available at baseline to predict hospitalization due to severe RSV infection among
moderately premature infants, further prospective validation of such a design is necessary
to determine whether a multifactor prediction tool does indeed target the highest risk

infants of this GA in NS.

In addition to further investigation on potentially attributable risk factors for this
patient population, it is not clear what recommendation should apply to Inuit infants, to
all Aboriginal infants or to all infants in remote communities. A better understanding of
the seasonality of RSV in infants in Northern communities remains current CPS research
priority. Lastly, as stated by the CPS in the position statement for prevention of RSV
infection, further assessment and validation of clinical assessment tools used to identify

infants born 32-35 weeks gestation is a required research priority s,
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By using data from provincial databases, this study provides further
understanding of the risk factors and their interrelationships for infants born between 32-
35 wGA in NS. This information has the potential to improve standards of care by
providing evidence based education to parents, caregivers, and communities regarding
the importance of reducing both exposure and transmission of RSV, which are critical to
RSV prevention. Public health interventions with this educational focus (i.e. significant
risk factors) should be targeted toward high-risk groups during periods of peak
transmission to prevent the development of disease severe enough to require
hospitalization. Understanding an infant’s risk can improve health outcomes, the
effectiveness of prophylaxis and minimize costs associated with disease. Inexpensive,
simple preventative practises, such as good hand hygiene in the home and limiting direct
contact of high-risk children with other children and adults with respiratory tract

infections, should remain high priority for RSV prevention.
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CHAPTER 7: CONCLUSIONS

RSV is the leading cause of respiratory tract infection in infants and young
children. Although most infections cause mild disease, RSV is a major cause of
hospitalization, especially among premature infants who are at higher risk for serious

infection.

We used existing data to investigate whether a readily available set of risk factors
in premature infants born 32-35 wGA could be included in a multifactor prediction model
for RSV-H. Of these, three of the variables investigated — infants born in December,
January or February, passive household smoke exposure and household crowding —were
significantly associated with hospitalization. Passive household smoke exposure and
infants born in Dec.-Jan. demonstrated the most significant interaction effect associated
with RSV-H. In summary, with the exception of determining between low and moderate
to high risk infants, our scoring tool failed to accurately predict hospitalization between
moderate risk and infants at the highest risk for RSV-H. This was determined by the
overall interpretation of our predictive values (PPV, NPV, RL+, LR-, post-test
probability) based on calculations from the validity of the scoring tool (ROC; sensitivity,
specificity, AUC) across the full range of cut offs.

Passive household smoke exposure demonstrated an association with RSV-H;
however, researchers must continue to meticulously investigate ETS exposure with
disease, in order to prevent ETS exposure misclassification. As such, further research is
warranted in investigating any interaction effect(s) related to smoking, as well any other
variable(s) that are believed to be closely related when conducting multivariate regression
analysis of risk factors associated with RSV-H. Additionally, our scoring tool was
unable to include data on several important measures identified in the literature (i.e. child
care attendance), therefore the study should not be considered conclusive. A prospective
study of the three identified risk factors in addition to a tested combination of other
notable important risk factors is warranted for further study among moderately premature

infants in NS. In the development and validation of such a multifactorial scoring tool,
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local characteristics should be considered when defining the components making up the
model, as well as the definitions of each variables of inclusion. This will help determine
the most cost-effective strategy in providing the highest risk infants in the 32-35 wGA

palivizumab prophylaxis.

Given that prophylaxis of RSV with palivizumab is not a complete intervention
without other preventative measures it is important to continue emphasizing other means
of prevention. These include, however are not limited to, eliminating exposure to tobacco
smoke as well as continuing education regarding hand washing when siblings or care
givers have been exposed to RSV. In clinical practice, our tool could be used as an
educational guideline for health care professionals who wish to inform parents and
caregivers on both significantly associated RSV-H modifiable and non-modifiable risk
factors. For example, if you smoke, do not smoke in the house or car. High frequencies of
secondhand smoke may increase the infant’s susceptibility to serious RSV associated
infections. During times of RSV seasonal outbreaks, try to avoid the infant’s exposure to
people with respiratory infections, such as colds. Pay attention to wiping off surfaces
with disinfectants, and avoid sharing cups or toys, especially when someone in the family
has a cold. Wash your hands frequently, particularly before making contact with the
infant, especially in a crowded a living space, where there is an increased risk of

exposure.

Continued research on both modifiable and non-modifiable risk factors, further
prospective validation of risk scoring tools is critical in understanding the factors that
most accurately determine RSV-H among 32-35 wGA infants. A stronger understanding
of risk factors associated with severe RSV infection will provide policy makers, health
care providers, and stakeholders with the necessary evidence based information to assist
in decision making regarding RSV prophylaxis, infection control measurements as well

as parent education on severe RSV infection.
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APPENDIX A: Risk factors presented in the literature and predictive
variables available through the Atlee database as either proxies or

direct measures

Risk factors Direct measure | Predictive variable available in the
(Literature) Or proxy Atlee

Month of birth ' °®*® | Direct measure | Date of birth (MM/DD/YYYY)
Gestational age (GA) Direct measure | GA of infant at birth; 32 weeks; 33

weeks; 34 weeks; and 35 weeks

Chronological age
(CA)? 204 116

Direct measure

Date of birth (MM/DD/YYYY) used as a
calculation of subject’s CA on December
1*" of the same year of study.

Preschool aged siblings
11,116

Proxy

Gravida- previous births of children <5
and the assumption made that they are
still in the household

Birth weight (grams) T8

Direct measure

Birth weight in grams (g)

Small for gestational

11
age

Direct measure

Category for birth weight for GA
according to Kramer’s criteria for
Canadian premature infant’s based on
GA and sex of the infant (<3rd -97th
percentile)) "

1T, 23,32, 36, 64
Infant sex 707"

83,116

Direct measure

Male or female

Passive household

smoke exposure
116, 117

11, 69, 83,

Direct Measure

Mother’s smoking status at delivery date
used as a measurement for passive
household smoke exposure

Household Proxy Household crowding (> 5 individuals per

crowding/number of household) was inferred from the number

siblings' - 2224 81 83 116, of previous deliveries in proceeding 18

t years (gravida) and marital status (single
vs. married) at the time the baby was
born

Low socioeconomic Proxy SES-Mother’s postal code linked to

status (SES)/maternal
education ***

Canadian census used as an
approximation for neighbourhood
income quintile (performed by the RCP)

Breast feeding
83, 116, 117

23,24,27, 64,

Direct Measure

Mother’s breast feeding status at birth

Apgar score at 1 and 5
minutes

Direct measure

Score between 0-10 both at 1 and 5
minutes

Mode of delivery Direct measure | C-section or Vaginal
Maternal age > Direct measure | Mother’s age at time of delivery
Multiple births ** Direct measure | Number of births; singleton vs. multiples

(twins/triplets)
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Risk factors
(Literature)

Direct measure
or proxy

Predictive variable available in the
Atlee

Premature preterm
rupture of membranes
(PPRoM)

Direct measure

PPRoM during current pregnancy

Antenatal steroids

Direct measure

The use of antenatal steroid during

pregnancy
Daycare Attendence NA NA
(subject and or siblings)
11,22, 23, 56, 83
Family history of NA NA
allergies/eczema/
ﬁ:gpiratory disease ' **
Low maternal RSV NA NA
antibody levels 2% *
Race/ethnicity > NA Not available in Atlee during study

period
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APPENDIX B: Detailed description of variables included for defining
study eligibility criteria, predictive variables for follow up analysis and
outcome of interest

Variable | Database | Details from the Database

Inclusion Variable

Infant date of birth Atlee Live birth between July Ist, 1998 and June

(YYYY/MM/DD) 31st, 2008 in hospital setting

Mother’s postal code | Atlee Mother’s postal code as a measurement of the
infant’s residency in NS

Gestational age Atlee 32 weeks 0 days to 35 weeks 6 days

Exclusion Variable
RSV-Palivizumab NS Blood Subjects will be excluded if the infant has
immunoprophylaxis | Coordinating | previously been administered RSV
Program immunoprophylaxis (Pz)
database of Pz
Recipients

CLD/BPD Atlee Infants with underlying medical condition
(CLD)/(BPD) who automatically qualify for
the prophylaxis: Variables include date of
birth, sex, and the infant’s eligibility criteria

CHD IWK Infants with underlying medical condition

Cardiology (CHD): Data elements of direct measurement

Database include date of birth, sex, cardiac diagnostic
fields, Pz eligibility status (since 2003), and
corrective surgery date.

Outcome after birth | Atlee -Early neonatal death (0-7 days)

discharge -Late neonatal death (7-38 days)

Predictive Variables

Month of birth Atlee Date of birth (MM/DD/YYYY)

Gestational age Atlee GA of infant at birth; 32 weeks; 33 weeks; 34

(GA) weeks; and 35 weeks

Chronological age Atlee Date of birth (MM/DD/YYYY) used as a

(CA) calculation of subject’s CA on December 1*
of the same year of study.

Preschool aged Atlee Gravida- previous births of children <5 and

siblings the assumption made that they are still in the
household

Birth weight (g) Atlee Birth weight in grams (g)

Small for GA Category for birth weight for GA according to
Kramer’s criteria for Canadian premature
infant’s based on GA and sex of the infant

Infant sex Atlee Male or female
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Variable Database Details from the Database

Passive household Atlee Mother’s smoking status at delivery date used

smoke exposure as a measurement for passive household smoke
exposure

Household Atlee Household crowding (> 5 individuals per

crowding/number of household) was inferred from the number of

siblings previous deliveries in proceeding 18 years
(gravida) and marital status (single vs.
married) at the time the baby was born

Low socioeconomic | Atlee/ SES-Mother’s postal code linked to Canadian

status (SES) Canadian census used as an approximation for

census neighbourhood income quintile (performed by

the RCP)

Breast feeding Atlee Mother’s breast feeding status at birth

Apgar score at 1 and | Atlee Score between 0-10 both at 1 and 5 minutes

5 minutes

Mode of delivery Atlee C-section or Vaginal

Maternal age Atlee Mother’s age at time of delivery

Multiple births Atlee Number of births; singleton vs. multiples
(twins/triplets)

Premature preterm Atlee PPRoOM during current pregnancy

rupture of

membranes

(PPRoM)

Antenatal steroids Atlee The use of antenatal steroid during pregnancy

Outcome Variables

RSV-associated
severe LRTI

hospitalization
(RSV-H)

CIHI

Infant’s primary hospitalization attributable to
RSV-associated severe LRTI (ICD-CM codes)
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APPENDIX C: Number of RSV positive laboratory isolates per month
in Canada (1997-1998)

1200 -

1000 4

g00 -

600 -

400

Number of Isolates

200 4

July | Aug | Sept [ Oct | Nov Jan | Feb | Mar | Apr | May | June

ERate per 100,000 7 19 44 87 134 | 540 | 1078 | 954 | 830 | 546 | 316 | 137
Month

Source: Notifiable Disease Reporting System, Division of Disease Surveillance, Centre for Infectious Disease
Prevention and Control, Health Canada *5.

Note: RSV activity in the Northern Hemisphere usually starts in the late fall, peaks in early winter and tapers off in the
late spring.
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