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ABSTRACT

Recent evidence suggests that vitamin D may be important for immune
function. Canadian studies have reported varying prevalences of low levels of
vitamin D. Whether these low vitamin D levels are associated with susceptibility
to respiratory tract infections (RTIs) and infection severity remains unclear given
the inconsistent association in recent studies. Influenza virus as a cause of RTI is
of particular interest given its prevalence, morbidity and economic burden.
Vaccination is a key strategy in prevention, but little is known about the effect of

vitamin D on influenza vaccine response.

A prospective cohort study of children 3 to 15 years old living in Hutterite
communities in Alberta, Saskatchewan and Manitoba was conducted to assess
the prevalence and predictors of low vitamin D levels and evaluate the
association between vitamin D and the incidence and severity of laboratory
proven respiratory tract infections. In those who received influenza vaccination,
the relationship between vitamin D and influenza vaccine immunogenicity was

examined.

A total of 743 children were included in the study. The median serum 25-
hydroxyvitamin D level (25[0H]D) was 62.0 nmol/L (interquartile range 51.0,
74.0). Levels lower than 50 nmol /L were present in 152 children (20.5%) and
lower than 75 nmol/L in 565 children (76%). Lower serum 25(OH)D levels were

associated with increased risk of RTI. No association was found between serum
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25(0H)D level and disease severity. There was also no relationship found
between serum 25(0OH)D level and seroprotection or seroconversion from

inactivated influenza vaccine.

In conclusion, low serum 25(0OH)D levels are a significant problem in
Canadian Hutterite communities. Furthermore, low serum 25(0H)D levels were
associated with increased risk of proven upper RTIs. Studies evaluating the role
of vitamin D supplementation to reduce the burden of disease are warranted, and
strategies to improve vitamin D status in rural communities in Canada are

needed.
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PART I: INTRODUCTION

Vitamin D Background

Vitamin D is a fat-soluble vitamin obtained from either diet (food or
supplements) or synthesized by skin, with skin as the predominant source.!
Ultraviolet B light is absorbed by the skin and 7-dehydrocholesterol is converted
to previtamin D3, which is then converted to vitamin D3. Vitamin D3 is
metabolized in the liver to 25-hydroxyvitamin D (25[OH]D) which is an inactive
compound, but is considered the best marker for individual vitamin D status.!
1,25-dihydroxyvitamin D is the active metabolite, produced by 1-a-hydroxylase

in the kidneys.

Recently, the optimal serum level of 25(0OH)D has become an area of
debate. Current recommendations from the American Academy of Pediatrics
(AAP) suggest that for children, serum concentrations of 25(0OH)D should be at
least 50 nmol/L,? a level at which the risk of rickets is considered to be low.3 The
Canadian Paediatric Society (CPS) has chosen a higher cut-off of 75 nmol/L,*
based on the levels at which parathyroid hormone (PTH) production and calcium
resorption from the bone are minimized and intestinal calcium absorption is
stabilized. Unfortunately, little is known about the optimal serum 25(0OH)D levels

for extra-skeletal health and there are no prospective trials to define the optimal



Michelle Science — MSc Thesis
McMaster — Health Research Methodology Program

25(0H)D level for functions outside of skeletal development, specifically immune

function.

Despite available recommendations surrounding serum levels of 25(0H)D
and supplementation, evidence suggests that a significant proportion of children
living in Canada have low serum 25(0H)D levels, with more than 50% of children
having levels lower than the CPS recommendation in most studies (Table 1).5-10
However, these studies have been conducted primarily in urban settings and
have limitations including small samples sizes*>¢8 and hospital-based

identification of patients.?

Vitamin D and the Immune System

The essential role of vitamin D in bone health and calcium homeostasis is
well documented. However, vitamin D is now known to be involved in many
cellular processes and receptors are found in most cells in the body, suggesting
that its importance extends beyond traditionally understood roles.11 As such, the
benefits of vitamin D to other organ systems has become an important area of
study with recent advances describing its association with cardiovascular

health,1? autoimmune disease!3 and cancer.14

There is also an increasing body of evidence that vitamin D is an

important immune system regulator. Vitamin D receptors are found on immune
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cells including antigen-presenting cells (e.g. macrophages), T-cells and B-cells.
Therefore, these cells have the ability to synthesize and respond to the active
form of vitamin D (1,25-dihydroxyvitamin D). They also have a different
regulatory system in that the enzyme that produces the active form of vitamin D
in macrophages (extra-renal 1a-hydroxylase), is not regulated by PTH.1> Instead,
the enzyme activity appears to be regulated by local 25-hydroxyvitamin D levels
or induced by cytokines (INF v, IL-1, TNF a). This suggests that the local levels of
the active form of vitamin D (1,25-dihydroxyvitamin D) may differ from systemic

levels.

The potential mechanisms of immune system modulation by vitamin D
have been recently reviewed.1¢ There is evidence that vitamin D can modulate
both the innate and adaptive immune responses by mechanisms that will be

briefly outlined below.

Innate Immune Response

The innate immune system recognizes pathogens through pathogen
recognition receptors (PRRs), receptors that interact with components specific to
a microbe (pathogen associated molecular patterns or PAMPs).17 Pathogen
recognition receptors can be divided into two groups, secreted or circulating
proteins / peptides (e.g. antimicrobial peptides, lectins) and membrane bound

receptors (e.g. Toll-like receptors, Nod-like receptors).18 Vitamin D has been
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shown to influence both. With respect to antimicrobial peptides, 1-25-
dihydroxyvitamin D has been shown to regulate gene expression for both human
beta defensin 2 (or skin antimicrobial peptide 1)1° and cathelicidin (or LL-37).20
Similarly, several toll-like receptors have been linked Vitamin D receptor
stimulation. For example, CD-14, a co-receptor for TLR4 can be induced by 1,25-
dihydroxyvitamin D.21 In addition to PRRs, vitamin D also influences the cells of
the innate immune system directly, as evidenced by documented decreased
phagocyte function in children with rickets and reversal of this dysfunction when

treated with vitamin D. 2223

Adaptive Imnmune Response

Vitamin D has been shown to inhibit dentritic cell maturation and T cell
proliferation.?# In studies, 1,25-dihydroxyvitamin D suppresses Th-1
proliferation and results in increased expression of Th-2 associated cytokines,
thereby shifting the adaptive immune system towards Th-2 response.25-27
Therefore, vitamin D may have the capacity to suppress Th-1 driven autoimmune
diseases and deficiency could theoretically increase the risk.28 Furthermore,
1,25-dihydroxyvitamin D inhibits proliferation and induction of apoptosis of
activated B cells, which may contribute to the pathogenesis of various B-cell
autoimmune disorders.2> Observational studies have shown associations
between deficiency and Type I Diabetes,2° Crohn’s disease39, SLE13 and Multiple

Sclerosis.3!
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Vitamin D and Viral Respiratory Tract Infections

Viral upper respiratory tract infections (RTIs) are very common
worldwide. Despite their usually benign nature, the burden of disease is
significant in terms of morbidity and economic loss.32 Viral respiratory infections
may also be associated with mortality in certain patient populations.3334
Unfortunately, treatment remains unsatisfactory and is often focused on
symptom relief. As a result, prevention remains a key strategy in reducing the

burden of these infections.

With the recent links between vitamin D and immune function, there has
been increasing interest in the role of vitamin D in respiratory infections. It has
been postulated that lower vitamin D levels may explain the seasonal variation in
influenza and other viral infections.35 In vitro studies have provided further
evidence to support the potential role of vitamin D. Hansdoittir et al. showed that
primary lung epithelial cells express high baseline levels of 1a-hydroxylase and
low levels of 24-hydroxylase resulting in active vitamin D production in the
lungs.36 This active vitamin D leads to increased expression of vitamin D
regulated genes including CD-14 (co-receptor for TLRs) and cathelicidin,
important components of the innate immune system. In addition, studies have
shown that in RSV-infected human airway epithelial cells, vitamin D induces
IkBa, an NF- kf inhibitor, in airway epithelium and decreases RSV induction of

inflammatory genes.37
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Another proposed mechanism relates to the potential antiviral effects of
antimicrobial peptides induced by vitamin D. Cathelicidin (LL-37) has been
shown to have anti-viral activity against herpes simplex virus-1 (HSV-1),38
adenovirus,3? HIV40 and human papilloma virus.*! Finally, polymorphisms in the
vitamin D receptor have been linked to susceptibility and severity of several
infections including Mycobacterium tuberculosis,*> Mycobacterium leprae*? and

acute lower respiratory tract infection.*#

Several epidemiologic studies have shown an association between rickets
and lower respiratory tract disease or pneumonia.*>-47 More recently, case-
control studies have shown an association between lower serum 25-
hydroxyvitamin D levels and lower respiratory tract infection in children in
India,*8 Bangladesh*? and Turkey.> This association has not been found in
studies in Canadian children less than 5 years of age.>152 The effect of serum 25-
hydroxyvitamin D on upper respiratory tract infections in children has not been
studied. However, studies in adults have shown that lower vitamin D levels are
associated with increased respiratory infections (self reported)>3->> and absence
from work due to respiratory symptoms.>3.5¢ The observational studies are

summarized in Table 2.48-61

Randomized controlled trials (RCTs) examining effects of vitamin D
supplementation have delivered mixed results (Table 3). Adult RCTs have failed

to show a reduction in self-reported respiratory tract infections with vitamin D
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supplementation using doses ranging from 400 IU per day to 200,000 IU per
month.>7-59.6162 Two of these studies also failed to demonstrate a reduction in

severity of illness.>7.61

Pediatric RCTs have had more promising results. In a trial in Japan, school
children randomized to 1200 IU of vitamin D compared to placebo had a
significantly decreased risk of developing laboratory-proven Influenza A (RR
0.58, 95% CI 0.34, 0.99).63 Similarly, a decrease in parent-reported respiratory
tract infections was noted in children in Mongolia given vitamin D-fortified milk
(300 IU of vitamin D3).60 In this study, children had very low serum 25(0OH)D

levels initially. Unfortunately, no trials in children have looked at illness severity.

Limitations of Previous Research

These studies have several key limitations. In the observational studies
dealing with upper respiratory tract infection as the outcome, the focus was on
specific patient populations (e.g. military base recruits, medical employees) and
lacked pediatric data. In addition, the outcome in these trials was self-reported
infection, which was often retrospectively obtained. The observational trials in
children have used lower respiratory tract infection as the outcome and have
been case-control designs identifying cases and controls in the hospital setting.

They have been small studies with a low number of cases.
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None of the observational studies have had confirmed diagnoses with
which to examine susceptibility to specific viruses. In addition, serum 25(0OH)D

level cut-offs used have varied.

In the randomized controlled trials of vitamin D supplementation, studies
have often failed to evaluate serum 25(0OH)D levels prior to supplementation and
have not focused on laboratory proven infection as the outcome. Therefore, in
the adult trials showing no benefit from vitamin D supplementation, it is not
known if the lack of benefit could be due to adequate serum 25(0H)D levels at

the start of the study.

Vitamin D and Influenza Vaccine Immunogenicity

Influenza is the cause of annual seasonal epidemics estimated to affect 5%
to 10% of the population, posing an important public health burden.t4
Vaccination with an influenza vaccine can reduce morbidity and mortality
associated with influenza. Therefore, vaccination is a key strategy to prevent

illness and transmission.

Protection obtained from influenza vaccination can vary widely depending
on the vaccine match with circulating strains of influenza and the individual

immune response.®> The response is often reduced in immunocompromised
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patients, elderly patients, patients with chronic conditions and other individuals
because of immunological changes of which many have yet to be fully
elucidated.®® Therefore, strategies to boost the effectiveness and duration of
immunity after vaccination are of specific interest. Although strategies such an
increase in vaccine dose, intradermal injection, and use of adjuvants have been
shown to increase immunogenicity,67-6° little known about the effect of vitamins

on influenza vaccine antibody response.

Unfortunately, the link between vitamin D levels and vaccine
responsiveness remains theoretical and has received little focus in existing
studies. Evidence to date includes mouse models which demonstrate that
mucosal and systemic antibody responses to influenza are enhanced when the
vaccine is co-administered with calcitriol (1,25-dihydroxyvitamin D).70.71
However, a study in healthy adults failed to demonstrate a benefit from calcitriol
intramuscular co-administration with the vaccine.’2 Furthermore, a post-hoc
analysis of a prospective influenza vaccine trial in HIV positive individuals did
not find a difference in vaccine responsiveness between those receiving routine
vitamin D supplementation and those not on supplementation.”3 These studies
were limited by their lack of baseline serum 25(0H)D levels, making it uncertain
as to whether individuals had low serum 25(0OH)D levels at baseline prior to
supplementation. More recently, a small study of 35 patients with prostate
cancer found an association between baseline vitamin D level and influenza

vaccine response.’4
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The pediatric age group is an important potential target group to optimize
vaccine response given their potential role in transmission to high-risk groups.’>
As described previously, this is also a group where vitamin D deficiency can be

common, especially in North America.”.876

10
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PART II: AIMS AND IMPLICATIONS

Aims of the Project

This project had several objectives. The first aim was to describe the
vitamin D status in Hutterite children in Canada and to identify potential
determinants of vitamin D status. In addition, we wanted to determine whether
variation in vitamin D levels was associated with individual, household or
community characteristics, in order to evaluate whether environmental factors
(community, household) or individual factors (e.g. genetics) contributed more to

vitamin D status.

The second aim was to determine if serum 25(0H)D levels, used as a
marker for individual vitamin D status, were associated with subsequent risk of
laboratory-proven viral upper respiratory tract infections in children.
Furthermore, in children who developed a proven respiratory tract infection, the
objective was to assess whether there was an association between serum
25(0H)D levels and severity of respiratory tract infection, as defined by duration

of symptoms and development of complications.

11
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Finally, for those children receiving influenza vaccine, the objective was to
determine if there was an association between serum 25(0OH)D level and

inactivated trivalent influenza vaccine immunogenicity in children.

Research Questions

1) In children, what variables are associated with serum 25(0H)D level and
is the variation explained primarily at the individual, family or community
level?

2) In children, is there an association between serum 25(0H)D level and risk
of proven respiratory tract infection?

3) In children who develop a proven respiratory tract infection, is there an
association between serum 25(0H)D level and disease severity?

4) In children given trivalent inactivated influenza vaccine, is there an

association between serum 25(0OH)D level and vaccine immunogenicity?

Implications

There are several important implications of addressing the above research
questions. With respect to Vitamin D levels, several studies in Canada have
documented low serum 25(0OH)D levels and predictors in a variety of urban
settings (Table 1). However, factors associated with serum 25(0OH)D levels have

not been evaluated in rural settings where the predictors may be different.

12
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Therefore, this project may allow for identification of new high-risk groups to
target with supplementation. In addition, by assessing the proportion of variation
in serum 25(0H)D level explained at the individual, family and community level,
it may give further insight into the potential sources of variability in serum

25(0OH)D levels.

With respect to infection risk, the need for a safe and effective agent to
prevent respiratory tract infections cannot be underemphasized given their
associated morbidity and economic cost. Vitamin D has been one proposed agent,
but observational studies to date have been conflicting. This is project will
provide new information as to whether serum 25(0OH)D level is associated with
proven viral RTIs, an outcome that has not been assessed in previous studies. As
such, it may provide insight into the role of vitamin D in infection and will
provide essential information for the development of RTI preventative strategies.
Similarly, whether there is an association between serum 25(0OH)D level and

disease severity may provide information for medical and public health practice.

Finally, strategies to enhance immune response to influenza vaccine are
an important area of study, but there is limited information on the effect of
vitamins on influenza vaccine immunogenicity. This study will address this
research gap and assess the association between serum 25(0OH)D level and

vaccine immunogenicity in children, a potentially important group to target.

13
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PART III: METHODS

The Data set

The dataset available consists of data from a Canadian Institutes of Health
Research (CIHR) and the National Institute for Allergy and Infectious Diseases
funded cluster randomized controlled trial in Hutterite communities in Alberta,
Saskatchewan and Manitoba. The goal of this trial was to assess the effect of
influenza vaccination of children on infection rates in the communities. Details

and results of this RCT have been previously published.”s

Population and Study Details

Children aged 3 to 15 years from 46 Hutterite communities (colonies)
were included in the trial. Hutterite communities are rural, self-governing and
self-sufficient communal groups of Anabaptists. Children were randomly
assigned by colony to receive either inactivated seasonal influenza vaccine
(A/Brisbane/59/2007[H1N1]-like virus, A/Brisbane/10/2007 [H3N2]-like virus,
B/Florida/4/2006-like virus; Vaxigrip) or hepatitis A vaccine (Avaxim-Pediatric,

Sanofi Pasteur).

Participants were followed for signs and symptoms of respiratory tract

infection over the influenza season, defined by the start date (1 laboratory-

14
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confirmed influenza case in 2 consecutive weeks) and stop date (no laboratory-
confirmed influenza cases for 2 consecutive weeks). This period was from

December 28, 2008 to June 23, 20009.

Follow-up involved twice weekly assessments by research nurses using a
standardized checklist of self-reported (or parent reported) signs and symptoms
including fever (> 38°C), cough, runny nose, sore throat, headache, muscle aches,
chills, fatigue, ear ache or infection and sinus congestion. One household
representative completed the forms for all family members and reports were
verified at site visits conducted by the research nurses, including the onset and
resolution dates of each symptom. Research nurses also followed up on missing
and incomplete data. A nasopharyngeal swab was taken if a study participant
developed two or more of the previously mentioned symptoms. Specimens were
tested using the Center for Disease Control and Prevention Human Influenza
Virus Real-Time PCR Detection and Characterization Panel’” and confirmed with

reverse transcriptase polymerase chain reaction (RT-PCR).

In addition to symptom data, information was collected on age, sex and
presence of underlying conditions, including asthma. Data was also collected on
complications including hospitalization, ICU admission, physician proven

pneumonia and otitis media.

15
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Blood specimens for serum 25(0OH)D levels were collected at baseline.
Serum from venous blood was frozen at -80°C until batched analysis was
performed according to the manufacturer’s instructions using the DiaSorin
LIAISON® chemiluminescence assay. Blood specimens for influenza antibody
titers were collected at baseline and 3-5 weeks after vaccination. The paired
samples were then tested using hemaggluttination inhibition (HAI) using turkey
erythrocytes and reference antigens for A/Brisbane/59/2007[H1N1]-like virus,

A/Brisbane/10/2007 [H3N2]-like virus and B/Brisbane/60/2008-like virus.”8

Study Design and Statistical Analysis

The following sections outline the study design and statistical analysis used

for each question.

i. Prevalence and Predictors of Low Serum 25(0H)D Levels

To address this question, a cross-sectional analysis was done. Covariables of
interest were age, sex, presence of underlying conditions, season and colony
latitude. Age was analyzed as a both a continuous variable and categorized into
less than 5 years, 5 to 9 years and 10 to 15 years. The effect of seasonality was
based on the date of the vitamin D level sample and categorized into Winter

(November to March) and Other (April to October) to be consistent with previous

16
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studies in Canada’ and based on the National Health and Nutrition Examination

Survey (NHANES).7°

Outcome:

The primary outcome was prevalence of vitamin D insufficiency defined
by both AAP (< 50 nmol/L) and CPS (< 75 nmol/L) guidelines. Vitamin D

concentration was measured using the serum 25(0H)D level.

Statistical Analysis:

Descriptive statistics were used to examine the study sample
characteristics. Continuous variables were reported using the mean and standard
deviation for normally distributed variables and the median and interquartile
range (IQR) for non-normally distributed data. Number and percentage were
reported for dichotomous outcomes. Univariable analyses were conducted using
the Spearman correlation coefficient for continuous variables and chi-square or
Fisher’s exact test for dichotomous variables. Vitamin D levels were analyzed as
both a continuous variable and dichotomized based on the AAP (< 50 nmol/L)
and CPS (< 75 nmol/L) recommendations. In the multivariable model,
generalized estimating equations (GEE) were used to adjust for the clustering of
data at the colony level. The model was created using a step-wise backwards
elimination method retaining variables with p values < 0.10. It was decided a

priori to adjust for age and sex, and so these factors were not subjected to

17
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significance testing. The continuous dependent variable (serum 25(0OH)D level)
was log-transformed to correct for positive skewness. Model fit was tested by
plotting the standardized residuals against the standardized predicted values to

assess the homogeneity of variance.

The covariables from the GEE model were then used to develop a mixed
effects model to analyze the variation at the colony, household and individual
levels. All analyses were conducted using SPSS version 20 (SPSS Inc., Chicago,

IL).

ii. Serum 25(0H)D Level and Risk of Respiratory Tract infections

This was a prospective cohort study. Covariables of interest were age, sex,
presence of underlying conditions, asthma, receipt of influenza vaccination and

serum 25(0OH)D levels.

Outcome:

The primary outcome was laboratory confirmed viral infection defined by
a positive nasopharyngeal swab polymerase chain reaction (PCR) result. Copan
flocked nasopharyngeal swabs (Copan Italia, Brescia, Italy) were collected in

universal transport medium (UTM, Copan Italia). Specimens were first tested for

18
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Influenza A (including pH1N1) and B using the Centers for Disease Control and
Prevention Human Influenza Virus Real-time RT PCR Detection and
Characterization Panel.”” Negative specimens were then tested again for
Influenza (A, B) in addition to Coronavirus (229E, NL63, 0C43), Enterovirus
(including Rhinovirus), Parainfluenza (1-4), RSV (A, B), and Human

Metapneumovirus by Luminex multiplex PCR.

Statistical Analysis:

All covariables, including serum 25(0H)D level, were first evaluated using
univariable logistic regression. Vitamin D levels were analyzed as both a
continuous variable (log transformed to correct positive skew) and dichotomized
based on the AAP (< 50 nmol/L) and CPS (< 75 nmol/L) recommendations. Age
was also analyzed both as a continuous variable and categorized into three
groups (< 5 years, 5 - 9 years, 10 - 15 years). Variables with a p value < 0.1 were
considered for inclusion in the multivariable model and the final model was
determined using a step-wise backwards elimination method. It was decided a
priori to adjust the final model for age and sex and to include age and serum
25(0H)D as continuous variables. Generalized estimating equations (GEE) were

used to account for clustering at the colony level.

Survival analysis was also done to assess the relationship between time to

respiratory infection and explanatory variables. Univariable analyses were

19
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conducted to obtain unadjusted hazard ratios and the significance determined
using the log rank test. A Cox proportional hazards model was used to estimate
adjusted hazard ratios and the model was adjusted for clustering at the colony
level. The proportional hazards assumption was evaluated using Shoénfeld’s
global residual test, graphically using Shoénfeld residuals and log-log curves and
examination of variables for time dependence. Overall model fit was assessed

using Cox-Snell residuals and deviance residual plots.

A recurrent events analysis was conducted to examine the relationship
between predictors and rate of occurrence of respiratory tract infection. A
counting process model was used under the assumption that each event was

identical. The model was adjusted for clustering at the colony level.

All estimates are presented with 95% confidence intervals. A p value <
0.05 was considered significant. SPSS version 20 (SPSS Inc, Chicago, IL) was used
for logistic regression and GEE and Stata Statistical Software release 12

(StataCorp. 2011. College Station, TX: StataCorp LP) for the survival analysis.

iii. Serum 25(0OH)D Levels and Respiratory Infection Severity

This was a prospective cohort study. Only children and adolescents with

serum 25(0OH)D levels and proven viral respiratory tract infection were included

20



Michelle Science — MSc Thesis
McMaster — Health Research Methodology Program

in the analysis. Of the 743 children with serum 25(0OH)D levels included in the

trial, 229 had a proven viral respiratory tract infection.

Outcome:

The primary outcome of interest was time to symptom resolution (in
days) with the start date defined by the presence of two or more of fever (>
38°C), cough, runny nose, sore throat, headache, muscle aches, chills, or sinus
congestion starting within one week of proven viral RTI and end date defined by
48 hours of one or less symptom. If participants had more than one respiratory
infection, the number of days of symptoms associated with the first infection was
used. Secondary outcomes were presence of fever and time to fever resolution,
presence of fever and cough combined and time to resolution of these symptoms,
school absenteeism and complications including hospitalization and physician

proven pneumonia and otitis media.

Statistical Analysis:

To describe participant characteristics, continuous variables were
reported with mean and standard deviation for normally distributed data and
median and IQR for non-normally distributed data. Survival analysis was done to
assess the relationship between time to symptom resolution and explanatory

variables. Logistic regression was used to assess the relationship for

21
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dichotomous outcomes (presence of fever, presence of fever and cough, school
absenteeism, hospitalization, pneumonia, otitis media). All models were adjusted

for clustering at the colony level.

All covariables, including serum 25(0H)D level, were first evaluated using
the univariable Kaplan-Meier method (for time to symptom resolution) and
univariable logistic regression (for dichotomous outcomes). Vitamin D levels
were analyzed as both a continuous variable (log transformed to correct positive
skew) and dichotomized based on the AAP (< 50 nmol/L) and CPS (< 75 nmol/L)
recommendations. Age was also analyzed both as a continuous variable and
categorized into three groups (< 5 years, 5 - 9 years, 10 - 15 years). Variables
with a p value < 0.1 were considered for inclusion in the multivariable model and
the final model was determined using a step-wise backwards elimination
method. It was decided a priori to adjust the final model for age and sex and to
include age and serum 25(OH)D as continuous variables. For the survival
analysis, a Cox proportional hazards model was used to estimate adjusted hazard
ratios. The proportional hazards assumption was evaluated using the Schoénfeld
global test. Overall model fit was assessed using Cox-Snell residuals for the Cox
PH model and by plotting the deviance residuals against the predicted values for

the logistic regression model.

22
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All estimates are presented with 95% confidence intervals. A p value <
0.05 was considered significant. SPSS version 20 (SPSS Inc, Chicago, IL) was used
to conduct the GEE logistic regression analyses and Stata Statistical Software
release 12 (StataCorp 2011, College Station, TX: StataCorp LP) for the survival

analysis.

iv. Serum 25(0H)D Level and Influenza Vaccine Inmunogenicity

This was a prospective cohort study. Only children and adolescents who
received influenza vaccination and had vitamin D levels were included in the
analysis. Of the 743 children and adolescents with serum 25(0OH)D levels
included in the trial, 391 (53%) were randomized to receive influenza

vaccination.

Vaccination Details

The trivalent inactivated influenza vaccine (Vaxigrip; Sanofi Pasteur, Lyon
France) contained purified surface antigen from the strains recommended for the
2008-2009 influenza season by the World Health Organization for the Northern
Hemisphere: A/Brisbane/59/2007[H1N1]-like virus, A/Brisbane/10/2007
[H3N2]-like virus and B/Florida/4/2006-like virus. The 0.5 mL dose of vaccine
included 15 pg of hemagluttinin antigen per recommended strain. Vaccine
administration start dates ranged from October 30, 2008 for communities in

Alberta to November 13, 2008 for communities in Manitoba. Participants
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received 0.5 mL of the influenza vaccine intramuscularly. Children less than 9
years of age with no history of previous influenza vaccine received a second dose
of vaccine 4 weeks after the first dose, in keeping with influenza vaccination

recommendations.

Outcomes:

The primary outcome was immunogenicity, using criteria that included
seroprotection (post-vaccination titer > 40) and seroconversion (post-
vaccination titer > 40 for participants with pre-vaccine titer <10 or four-fold rise
in post-vaccination titer for those with a pre-vaccine titer > 10), as defined by the
Food and Drug Association (FDA)8? and the Committee for Proprietary Medicinal
Products (CPMP).81 Other outcomes measured included change in antibody titer
(four-fold change and fold increase in geometric mean titers [GMT]) and
antibody level post vaccination (logz-transformed). Fold increase was calculated

by the ratio of post-vaccination to pre-vaccination titer.

Statistical Analysis:

Baseline characteristics were described using mean and standard
deviation for normally distributed data and median and IQR for non-normal
distributions. Characteristics were compared between those who had serology

and those missing serology using the independent t-test or Wilcoxon rank sum
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test for continuous variables and chi-square or Fisher’s exact test for

dichotomous outcomes.

For each outcome, analyses were conducted on the antibody titers to each
influenza A antigen individually (A/Brisbane/59/2007[H1N1]-like virus and
A/Brisbane/10/2007[H3N2]-like virus). B/Brisbane/60/2008-like virus
antibody titers were also analyzed despite the different vaccine antigen
(B/Florida/4/2006-like virus) to assess for potential cross-protection between

lineages.

Logistic regression was used to examine serum 25(0OH)D level as a
predictor of dichotomous outcomes (seroprotection, seroconversion and four-
fold change in antibody titers). All relevant covariables (age, sex, presence of at
least one comorbidity, serum 25(0H)D level) were first evaluated using
univariable logistic regression. Vitamin D levels were analyzed as both a
continuous variable (log transformed to correct positive skew) and dichotomized
based on the AAP (< 50 nmol/L) and CPS (< 75 nmol/L) recommendations.
Variables with a p value < 0.1 were considered for inclusion in the multivariable
model and the final model was determined using a step-wise backwards
elimination method. It was decided a priori to adjust the final model for age and

sex and to include serum 25(0H)D as a continuous variable.
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Linear regression was used to examine the relationship between
covariables and post vaccination HAI titers. Titers were logz-transformed using
titer(transformed) = logz(titer/5) resulting in the following: 0 = no HAI activity, 1=
1:10, 2 = 1:20, 3 = 1:40 etc. Covariables were analyzed and included in the final
model as outlined for the logistic regression model. Generalized estimating
equations (GEE) were used to account for clustering at the colony level for both

regression analyses.

Geometric mean titers (GMT) were calculated at baseline and post
vaccination and compared between subjects grouped by serum 25(0H)D levels
based on the AAP (< 50 nmol/L) and CPS (< 75 nmol/L) recommendations. Fold
increase in GMT was calculated in each group (ratio of GMT pre and post
vaccination) and the arithmetic mean of the log of the fold increase was

compared using the independent t-test.

All estimates are presented with 95% confidence intervals. A p value <
0.05 was considered significant. SPSS version 20 (SPSS Inc, Chicago, IL) was used

to conduct the analyses.
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PART IV: RESULTS

Participant Characteristics

A total of 1186 children age 3 to 15 years were included in the study.
Vitamin D levels were available on 743 (63%) subjects from 43 colonies and 304
households. Almost all vitamin D levels were sampled from October to December
(n=724, 97%). Subject characteristics are presented in Table 4. The mean age
was 9.3 years (standard deviation (SD) 4.3 years); 52.5% were female.
Underlying conditions were present in 2.4% (n=18); the most common condition
was asthma (n=11). All participants were of the same ethnicity. The colony

latitudes ranged from 49.2°N to 54.8°N with a median of 50.0°N.

The median serum 25(0H)D level was 62.0 (IQR 51.0, 74.0). Four
participants (0.5%) had serum 25(0OH)D levels lower than 25 nmol /L. Serum
25(0H)D levels were lower than 50 nmol/L in 152 children (20.5%) and lower

than 75 nmol/L in 565 children (76.0%).

i. Predictors of Serum 25(0OH)D Levels

In univariable analyses, age, sex and latitude were associated with serum
25(0OH)D level. Age (r=-0.22 p <0.001) and latitude (r=-0.26, p< 0.001) were

negatively correlated with serum 25(0OH)D level (Table 5). Participants aged 10
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to 15 years were at higher risk for serum 25(0H)D levels lower than 50 nmol/L
(OR2.11,95% CI 1.07, 4.16, p=0.012) and lower than 75 nmol/L (OR 3.38,95%
CI 2.00, 5.80, p<0.001) compared to participants age 3 to 4. Male sex was
associated with higher serum 25(0OH)D levels. There was no interaction between

age and sex.

In the multivariable analysis accounting for clustering of data, age and
latitude remained important predictors of vitamin D level (Table 6). Sex was no
longer an independent predictor of serum 25(0OH)D level or levels lower than 50
nmol/L, but remained an important predictor for levels lower than 75 nmol/L
with females at increased risk (aOR 1.69, 95% CI 1.07, 2.65, p=0.024). There was

no interaction between age and sex.

The multi-level model showed that approximately 19% of the variation in
log 25(0OH)D levels was associated with households and 9% with colonies (Table
7). Most of the variation (72%) was associated with individuals, even after

adjusting for age, sex and latitude.

Assumption Testing and Model Fit
Given the continuous dependent variable (serum 25(0H)D level) used for
this analysis, a linear regression approach to modeling was chosen. Ordinary

linear regression has several assumptions, one of which requires that
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observations are conditionally independent. Given the clustering of data at the
colony level, this assumption of independence was violated. Several approaches
can be used to model correlated data including marginal models (e.g. GEE),
conditional models (e.g. mixed effects models) and dummy coding. Marginal
models do not model between cluster variation and therefore do not include a
random effect that can be estimated. The generalized estimating equations (GEE)
method, a form of marginal model, estimates within-cluster correlation in order
to re-estimate regression parameters and calculate standard errors. In contrast
to ordinary linear regression, it relaxes the assumptions of independence of

observations and the linear relationship between variable and outcome.82

GEE was used for the multivariable model to evaluate whether there was
an association between covariables and log serum 25(0H)D level. The Quasi-
likelihood under independence criteria (QIC) was used to define the appropriate
correlation matrix. The covariance matrix was specified using the robust
estimator (Huber/White/Sandwich estimate). This estimator is a form of
corrected model-based estimate that provides a consistent approximation of the
covariance even when the working correlation matrix is not chosen correctly.
Model fit was evaluated by plotting the Pearson residuals against the
standardized predicted values to assess the homogeneity of variance (Figure 1).
There appeared to be a random scatter around the horizontal line at residual = 0

with no suggestion of a systematic trend.
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ii. Serum 25(0H)D Levels and Risk of Respiratory Tract infections

Participants were followed between December 22, 2008 and June 23,
2009 for a median of 156 days (range 17 to 176 days). Ten participants (1%)
withdrew from the study in the first month. A total of 229 (31%) participants
developed at least one proven respiratory tract infection. The most common
infection was influenza (n=101, 14%), followed by enterovirus/rhinovirus (n=81,
11%), RSV (n=35, 5%), parainfluenza (n=33, 4%), coronavirus (n=26, 3%),
HMPV or MPV (n=7, 1%). Co-infection occurred in 6 participants. Repeated
infections occurred in 46 participants; 44 participants (6%) had two infections

and 2 participants (0.5%) had three infections.

In univariable analyses, age, sex, influenza vaccination (vs. hepatitis A)
and serum 25(0OH)D level were associated with respiratory tract infection (Table
8). In multivariable analysis accounting for clustering at the colony level, age and
serum 25(0H)D level remained independently associated with RTI (Table 9).
Children less than 5 years were at highest risk of RTI compared to those 5 to 9
years (aOR 2.25,95% CI 1.34, 3.78, p=0.002) and 10 to 15 years (aOR 3.08, 95%

CI 1.66, 5.73, p<0.001).

Serum 25(0H)D level was associated with protection against respiratory

tract infection. For every 1-unit increase in log 25(0OH)D level (corresponding to
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a 2.72-fold increase in serum 25(0H)D level), the odds of respiratory tract
infection decreased by 60% (aOR 0.42, 95% CI 0.24, 0.73, p=0.002). When levels
were dichotomized based on AAP and CPS recommendations, levels lower than
50 nmol/L (vs. 2 50 nmol/L)(aOR 1.92, 95% CI 1.24, 2.98, p=0.004) and levels
lower than 75 nmol/L (vs. = 75 nmol/L)(aOR 1.61, 95% CI 1.10, 2.36, p=0.015)
were both associated with increased risk. There were no interactions found

between serum 25(0OH)D level and either age or sex.

In time to event analysis, the rate of infection decreased in participants
with higher serum 25(0OH)D levels (aHR 0.52, 95% CI 0.35, 0.79, p=0.002).
Participants with serum 25(0OH)D levels lower than 50 nmol/L (vs. 2 50 nmol/L)
had an increased hazard (aHR 1.67, 95% CI 1.16, 2.40, p=0.006), as did those
with levels lower than 75 nmol/L (aHR 1.51, 95%CI 1.10, 2.07, p=0.011)

compared to greater than or equal to 75 nmol/L (Figures 2 and 3).

Taking into account the multiple events for some participants, age and log
serum 25(0H)D levels were associated with increased rate of occurrence of
respiratory tract infection (Table 10). Younger age conferred an increased risk
with a hazard of 1.08 for every year decrease in age (aHR 1.08, 95% CI 1.02, 1.14,
p=0.010). Log serum 25(0H)D level was also an important predictor both as a
continuous variable (aHR 0.57, 95% CI 0.39, 0.83, p=0.003) and when
dichotomized based on levels lower than 50 nmol/L (aHR 1.74, 95% CI 1.21,

2.49, p=0.003) and lower than 75 nmol/L (aHR 1.54, 95% CI 1.13, 2.10, p=0.007).
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On analysis of individual viruses, there was an association between serum
25(0H)D levels and parainfluenza virus infection with levels analyzed as both a
continuous variable (per 1 unit change in log value, OR 0.19, 95% CI 0.08, 0.48,
p<0.001) and dichotomized based on levels lower than 50 nmol/L (OR 3.55, 95%
CI 2.21,5.71, p<0.001) and levels lower than 75 nmol/L (OR 2.58,95% CI 1.00,
6.66, p=0.050) (Table 11). There was also a trend toward an association between
serum 25(0H)D levels lower than 50 nmol/L and RSV infection (OR 2.61, 95% CI
0.98, 6.92, p=0.054). No associations with other viruses were found adjusting for

age and sex.

Assumption Testing and Model Fit

For the time to event analysis, the PH assumption was evaluated using
three methods. First, overall goodness of fit was evaluated using the Schoénfeld’s
method. The p value for the global test was 0.4483 suggesting that the PH
assumption was reasonable. Further testing was done plotting the scaled
Schoénfeld residuals for the continuous variables (log 25(0H)D level and age)
against time (Figures 4 and 5). The straight line indicates that the PH assumption
is reasonable. Secondly, log-log curves were used to evaluate the dichotomous
variables (sex, vitamin D cut-offs) adjusted for other variables (Figures 6, 7, 8).
The log-log curves for sex appeared to cross, suggesting that the PH assumption
may be violated. However, when the observed plot versus the expected plot was
analyzed (Figure 9), the PH assumption seemed reasonable. Finally, the

variables were assessed for time dependence using the “tvc” function and both
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the Wald test and likelihood ratio statistic to compare the model with and
without time dependent variables. None of the time dependent variables were

significant and therefore the PH assumption appeared to be valid.

To assess model fit, Cox-Snell residuals were estimated and the Nelson-
Aalen cumulative hazard estimator for CS residuals was plotted (Figure 10). The
overall fit was reasonable with some expected variability around the 45-degree
line toward the right hand tail. In addition, deviance residuals were checked and
plotted against participant ID. This graph showed that residuals were distributed
between -2 and 3 with no specific pattern to suggest deviation from PH

assumption (Figure 11).

iii. Serum 25(0OH)D Level and Respiratory Infection Severity

The baseline characteristics of 229 participants who developed a
respiratory tract infection are presented in Table 12. The mean age was 8.7 years
(SD 3.5); 58.1% were female. Comorbidities were uncommon (n=6, 2.6%). The
median serum 25(0H)D level was 61.0 nmol/L (IQR 49.0, 70.0). Serum 25(0OH)D
levels were less than the AAP recommendations (< 50 nmol/L) in 62 (27%)
participants and less than the CPS recommendations (< 75 nmol/L) in 184

(80%) participants.
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Outcomes are summarized in Table 13. The majority of children (89%)
had more than one day of two or more symptoms; the mean duration was 2.9
days (SD 2.0). In univariable analyses, none of the covariables, including serum

25(0H)D level, were associated with the time to symptom resolution (Table 14).

Only 21% (n=46) of children had fever and the mean duration was 0.4
days (SD 0.9). None of the covariables were associated with increased odds of
having fever. However, for every one-year increase in age, the time to symptom
resolution decreased (HR 1.12,95% CI 1.04, 1.21, p=0.003). Children less than 5
years of age had longer duration of fever than children over 10 years of age (HR
0.45,95% CI 0.23, 0.87, p=0.018). Age remained a significant predictor in
multivariable analysis (Table 15). There was no significant association between
serum 25(0OH)D level and time to fever resolution. Similarly, age was significantly
associated with duration of fever and cough combined (HR 1.07,95% CI 1.01,
1.13, p=0.015) and odds of developing fever and cough (OR 0.91, 95% CI 0.84,
0.98, p=0.014). There was a trend toward increased odds of fever and cough in
those with serum 25(0OH)D levels less than 50 nmol/L (OR 1.80, 95% CI 0.98,

3.34, p=0.063), however this did not reach statistical significance.

No participants were admitted to hospital for respiratory virus infection
and very few had infectious complications including pneumonia (n=1, 0.1%) and

otitis media (n=6, 0.8%). However, 85 participants (11%) missed school for an
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average of 1 day (SD 0.23). As age increased, there was a trend towards increased
odds of missing school (OR 1.07, 95% CI 0.99, 1.16, p=0.09) (Table 16). Children
less than 5 years of age were significantly less likely to miss school (OR 0.16, 95%
CI 0.03, 0.86, p=0.03) compared to children over 10 years of age, which may be
related to age of school attendance. Serum 25(0H)D level was not associated

with absenteeism from school due to respiratory tract infection.

Assumption Testing and Model Fit

The PH assumption for the time to symptom resolution analysis was
evaluated using Schoénfeld’s global test. The p value for the global test was
0.7073 suggesting that the PH assumption was reasonable. The overall model fit
was reasonable as determined by estimating the Cox-Snell residuals and plotting

the Nelson-Aalen cumulative hazard estimator for CS residuals (Figure 12).

In order to assess the power of this analysis to detect an association, the
hazard ratio estimates for serum 25(0H)D level (as a continuous variable and
dichotomized) and their respective confidence intervals were examined. In
addition, the minimal hazard ratios that could be detected with various study
powers were calculated based on the available sample size (Table 17). A total of
202 participants from 31 colonies (average size =17) were included in the
analysis. After adjusting for clustering using an inflation factor, the effective
sample size was calculated to be 78. The minimal value of hazard ratio that could

be detected with 80% power and this sample size was 2.78 (or 0.36). Therefore,
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given the smaller hazard ratio estimate for Log serum 25(0H)D level from our
analysis (HR 0.87,95% CI 0.57, 1.33, p=0.532), it cannot be determined whether
the lack of significance was related to insufficient power or truly a lack of

association.

Model fit for the GEE logistic regression analysis was assessed by plotting

the Pearson residuals against the predicted values (Figure 13).

iv. Serum 25(0OH)D Level and Influenza Vaccine Immunogenicity

Baseline characteristics of the 391 vaccinated children are presented in
Table 18. Serum 25(0H)D levels were taken between October 16, 2008 and
January 29, 2009. Most sera was drawn between October and December 2008
(97%); no samples were taken after the post-vaccination titers. Of the 391
children/adolescents, 221 (57%) had post-vaccination serology and could be
included in the immunogenicity analyses. There were no significant differences
between groups based on availability of serology aside from sex (Table 18). Post-
vaccination titers were drawn a median of 11 weeks after the initial titer (IQR

6.9, 21.3).

Total event rates for the outcomes are summarized in table 19. Post
vaccination titers were greater than or equal to 40 (seroprotection) for

A/Brisbane/10/2007[H3N2] in 159 (71.9%) participants,
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A/Brisbane/59/2007[H1N1] in 138 (62.4%) and both antigens in 127 (57.5%)
participants. Seroprotection against B/Brisbane/60/2008 occurred in 79

(35.7%) participants. In univariable analysis, there was no association between
age, sex, presence of comorbidities or serum 25(0H)D level and seroprotection

against any strain (Table 20).

Seroconversion occurred in 94 (42.5%) children in response to
A/Brisbane/10/2007[H3N2], 127 (57.5%) in response to
A/Brisbane/59/2007[H1N1] and 66 (29.9%) to B/Brisbane/60/2008. In
univariable and multivariable analyses, the presence of a comorbidity resulted in
reduced odds of seroconversion (OR 0.17, 95% CI 0.03, 0.88, p=0.034) to
A/Brisbane/59/2007[H1N1] but not to the other strains. None of the other
covariables, including serum 25(0H)D level, were associated with
seroconversion to any of the strains (Table 21). Similarly, there was no
association between any of the covariables and presence of a four-fold change in

titer or post-vaccination titer level (logztransformed).

The fold increase in GMT was highest for A/Brisbane/59/2007[H1N1]
(mean 5.25, 95% CI 3.39, 8.15) compared to A/Brisbane/10/2007[H3N2] (mean
1.39,95% CI1 0.37, 2,15). The fold increase in GMT for B/Brisbane/60/2008 was

2.21 (95%CI 1.75, 2.79). There was no significant difference in fold change in
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GMT between groups based on vitamin D level cut-offs of 50 nmol/l and 75

nmol/L (Table 22).

Assumption Testing and Model Fit

Model fit for each outcome was assessed by plotting the Pearson residuals

against the predicted outcome (Figure 14).

Sensitivity Analyses

Given the range in timing of post-vaccination titers (median 11 wks) and
to account for possible waning immunity with time, a sensitivity analysis was
conducted excluding subjects that had post-vaccination titers more than 3
months after vaccination; this group also excluded the subjects that had late
serum 25(0H)D levels. In this analysis, there was no change in the significance of
covariables for any of the outcomes. Additionally, the analyses were conducted
including the time from last vaccine dose as a variable in the analysis. This did

not change the results appreciably.

In a second sensitivity analysis, participants with proven influenza
infection were excluded given the probability that the antibody change was
related to natural infection not vaccine immunogenicity. There was no significant

change in the results.
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Finally, participants who may not have had enough time to respond to the
vaccine or were not appropriately vaccinated (i.e. only 1 vaccine dose in
participants less than 9 years of age) were excluded. There was no significant

change in the results.
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PART V: DISCUSSION

Summary of findings

We found that in children and adolescents living in Hutterite communities
in Canada, low serum 25(0OH)D levels were common, with levels < 50 nmol/L in
21% of participants and levels < 75 nmol/L in 76% of participants. The majority
of serum 25(0H) level measurements were taken in October/November, just
after the time when serum 25(0OH) levels peak in the Northern Hemisphere.83
Therefore, it is likely that even more children have levels below the

recommendations later in the winter season.

We also found a significant association between vitamin D status and
proven viral respiratory tract infections (RTIs) in Hutterite communities in
Canada. Lower serum 25(0OH)D levels were associated with increased risk of RTI
after adjusting for age and sex. Younger age was also associated with increased
risk. Serum 25(0H)D level was not significantly associated with the severity of
proven upper respiratory tract infections, as measured by the time to resolution
of two or more symptoms, time to fever resolution, time to resolution of fever
and cough combined and absenteeism from school. No participants were
hospitalized and very few developed pneumonia and otitis media. Therefore, it

was not possible to assess the impact of serum 25(0OH)D level on these outcomes.
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Finally, serum 25(0D) level was not significantly associated with
immunogenicity as measured by seroprotection (post-vaccination titer > 40) and
seroconversion. Serum 25(0OH)D level was also not associated with other
commonly reported measures of vaccine immunogenicity, including presence of

a four-fold rise in antibody titer, the fold change in GMT or post vaccination titer.

Prevalence and Predictors of Low Serum 25(0OH)D levels

Our findings of low vitamin D levels are consistent with those reported for
children and adolescents in St. John’s Newfoundland and Labrador.® Although at
a lower latitude (47°N), St. John'’s receives the most rain of all major cities in
Canada, which may account for its lower vitamin D levels.84 Other studies of the
prevalence of insufficiency in children/adolescents in Canada have shown
varying results. Studies from Calgary, Alberta® and the Canadian Health Measures
Survey (CHMS)” both found that the prevalence of serum 25(0OH)D levels below
75 nmol/L was lower (39% and 58% respectively) than in our study. This
difference is not likely related to latitude, as Calgary is at 51°N and the CHMS
surveyed 15 sites across Canada of varying latitudes. However, the relatively
small variation in latitude in Canada may limit the potential for latitude effects to
be detected. Possible explanations for the discrepant results include differences
in socioeconomic status®8> and lower dietary vitamin D (secondary to availability
of fortified food),> both shown to be risk factors for lower levels of serum

25(0H)D.
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Older children were found to have lower serum 25(0H)D levels, a finding
consistent with results from two studies in Calgary.>° We found children aged
10-15 years to be at the highest risk for insufficiency. Age may be a surrogate for
weight, with sequestration of vitamin D in body fat leading to lower serum
25(0H)D levels.86 Although we were not able to adjust for BMI in the analysis, it
is unlikely that this would have contributed in this population, given its low
prevalence of obesity87 and given that other evidence suggests that body fat

percentage does not increase systematically in adolescents.88

Girls had lower serum 25(0H)D levels compared to boys in univariable
analysis, but this effect was not noted after adjustment for age and serum
25(0OH)D level. The risk associated with sex in other studies has varied. Rates of
vitamin D deficiency have been shown to be high in studies conducted
exclusively in female adolescents.8990 However, in a study in Edmonton, Alberta,>
males were found to be at higher risk. This was a smaller study with a different
population (children presenting to an urban emergency center), which may

account for its discrepant results.

Finally, our study is unique in that we were able to examine the effects of
the community, household and individual on variation in 25(0OH)D levels. The

determinants of vitamin D status are likely multifactorial, including
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environmental (e.g. exposure to sunlight) and individual (e.g. age, sex, genetics)
factors. Recent evidence suggests that genetics contributes to the variability in
serum 25(0H)D levels,°! although less than expected based on twin studies.?2 We
found that most of the variance in serum 25(0OH)D levels was explained at the
individual level suggesting that other individual level predictors may be
important. Given the relatively homogeneous distributions of ethnicity, diet and
skin colour in this population, it is possible that genetic variants, such as vitamin

D receptor polymorphisms, account for some of the differences.

Serum 25(0OH)D Levels and Risk of Respiratory Tract Infection

This analysis provides new important information on the effect of vitamin
D status on proven viral upper respiratory tract infections in children and
adolescents. Several observational studies have shown an association between
low serum 25-hydroxyvitamin D levels and risk of lower respiratory tract
infection in children in developing countries.#8-50 Qur study extends these results,
suggesting that vitamin D status may also be important for susceptibility to viral
upper respiratory tract infections in children and adolescents, a finding
consistent with the adult literature.53->¢ These findings have important public
health implications given the frequency of viral upper RTIs and their associated

morbidity and the prevalence of low vitamin D levels.
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We found that serum 25(0OH)D level was an important predictor of
respiratory tract infection both as a continuous variable (per 1 unit change in log
25(0H)D), and also when dichotomized into levels lower than 50 nmol/L (AAP
recommendations) and levels lower than 75 nmol/L (CPS recommendations).
Therefore, although maintaining levels greater than 50 nmol/L is important to
prevent rickets,3 higher levels may be needed for optimal immune function. This
was suggested in a recent study involving healthy adults, where a serum
25(0H)D concentration of greater than 38 ng/ml (~95 nmol/L) was associated
with a reduced incidence of acute viral respiratory tract infection.53 Further
studies in children are needed to determine the optimal level required for

immune function.

Our study is unique in that we were able to explore for associations
between serum 25(0OH)D levels and specific viruses. We found a trend toward an
increased risk of RSV infection in children with levels lower than 50 nmol/L. This
is consistent with in vitro findings that vitamin D induces IkBa (an NF- k(3
inhibitor) in RSV-infected human airway epithelial cells and decreases RSV
induction of inflammatory genes.3” We also found an association between
vitamin D and parainfluenza virus, which is in the same Paramyxovirus family.
Although interesting, these subgroup findings should be interpreted with caution
given the small sample sizes and multiple comparisons not specified a priori.
These results should be considered exploratory and should be interpreted with

caution.
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Other Canadian studies have failed to show an association between
vitamin D status and risk for hospitalization for acute lower respiratory infection
(ALRI) in children less than 5 years old.>1>2 Although differences in vitamin D
levels were not found in these studies, a higher proportion of participants with
ALRI were found to have Vitamin D receptor polymorphisms associated with
reduced receptor expression in one study.** We did find an association between
serum 25(0OH)D level and upper RTI in children of this age, which may be related
to differences in population (urban vs. rural, genetic differences like vitamin D
receptor polymorphisms), study design, serum 25(OH)D measurements or the

measured outcome (upper vs. lower RTI).

Serum 25(0OH)D Levels and Severity of Infection

Our findings are consistent with adult trials assessing vitamin D
supplementation and respiratory virus severity. Murdoch et al.®1 found no
difference in the sum of the Wisconsin Upper Respiratory Symptom Survey
[WURSS-24])?3 scores during the first seven days of symptoms in the placebo
group compared to those receiving oral vitamin D3 200,000 IU monthly for 2
months then 100,000 IU per month for 18 months. Li-Ng et al.>7 also found no
decrease in the severity of upper respiratory tract infections in participants on
vitamin D supplements, measured using a combination of a 5-point severity scale
and duration of symptoms. We also did not find evidence for an association

between duration of symptoms and serum 25(0H)D levels in children and
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adolescents with upper respiratory tract infections. However, the lack of
association may be related to sample size and inadequate power. This is further

reflected in the large confidence intervals around the estimates.

Furthermore, we were only able to examine duration of symptoms as a
measure of severity. We did not have self-reported scores on which to measure
participant perceived disease severity. In addition, we were unable to examine
the impact if illness on daily life, aside from measuring absenteeism from school.
Therefore, serum 25(0H)D levels may be associated with other severity

outcomes and this should be the focus of future studies.

Serum 25(0H)D Levels and Influenza Vaccine Immunogenicity

Our finding of a lack of association between serum 25(0OH)D levels and
influenza vaccine immunogenicity is consistent with two randomized controlled
trials of vitamin D supplementation in influenza vaccinated subjects, one in
healthy adults?2 and the other in HIV-infected adults.”3 Both studies found no
effect of supplementation on serologic responses. We also did not find an
association between serum 25(0H)D levels and any of the commonly used
immunogenicity criteria. However, this failure to detect an association may be

related to sample size and power.
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Our findings are different from a recent study of influenza vaccination in
prostate cancer patients (n=35) which found that a replete vitamin D status,
defined as the upper quartile of serum 25(0H)D levels, was associated with more
frequent serological response (titer = 1:40 at 3 months against any of the 3
strains).”# They also reported an association between serum 25(0H)D levels and
serologic response (p=0.0446), but the magnitude of effect and confidence
intervals were not provided. This trial was limited by the definition of serologic
response (response to any of the three antigens) and the high serum 25(0H)D
levels in the population (median 44.8 ng/mL = 112 nmol/L). Another possible
explanation for the divergent results is the different patient population. The
effect of serum 25(0OH)D level on vaccine immunogenicity may be different in the
immunocompromised population, a group which tends to be more

hyporesponsive to influenza vaccinations.6%

Overall, seroprotection and seroconversion proportions for the Influenza
A strains were in keeping with the recommended standards.?* A better
seroconversion percentage and fold change in GMT were noted for the
A/Brisbane/59/2007[H1N1] strain compared to the
A/Brisbane/10/2007[H3N2] strain and this was reflected in the protective
efficacy with 8 confirmed cases of H3N2, but no confirmed cases of seasonal

H1IN1.
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With respect to the Influenza B immunogenicity data, another important
finding in our study was the rates of seroprotection and seroconversion to
B/Brisbane/60/2008-like virus despite vaccination with B/Florida/4/2006-like
virus. These strains are of different lineages, B/Victoria and B/Yamagata
respectively, and are believed to result in very little cross-protection.t> However,
we observed seroprotection and seroconversion percentages of 35% and 30%,
respectively. Only 2 subjects who demonstrated an antibody response had
proven influenza B infection, therefore these antibody changes represent either
vaccine response or sub-clinical infection. Although these percentages are lower
than recommended for vaccine licensure (seroprotection >60%, seroconversion
>30%)%, it does suggest some potential cross-protection if the antibody

responses are related to vaccination.

Limitations

There are several limitations of this study and the analyses. The first is
related to the generalizability of the results. As the study was conducted in
children and adolescents from Hutterite communities, the results may not be
translatable to other populations. However, there were advantages in that the
homogeneity of the population allowed us to look at environmental and
individual level factors contributing to variation in vitamin D levels. Other

limitations associated with the dataset and analyses are outlined below.
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The Dataset

The data for this study was collected prospectively during the 2008-2009
influenza season in Canada. Therefore, variables that were not collected during
this time period could not be included in the analysis even if they were
considered potentially important to adjust for. For the predictors of serum
25(0OH)D level, data was not available on body mass index (BMI), exposure to
sunlight or sources of vitamin D intake and as such, these variables could not be

included in the analysis.

Another limitation was with respect to the serum 25(0H)D levels. There
was only one serum 25(0OH)D measurement for each participant and it was taken
at baseline over a range of dates. Therefore, the serum 25(0H)D level may not
reflect vitamin D status at the time of infection. However, the majority of serum
25(0H) measurements were taken around the same time in October/November
and reflect the vitamin D status at the start of the respiratory infection season.
We believe this estimate is more appropriate than estimates taken at the time of
illness because the impact of illness on serum 25(0H)D level has not been
studied. To deal with the variation in timing of serum 25(0OH)D levels, sensitivity
analysis was done excluding patients with levels done after the start of the

follow-up period and there was no change in the significance of the predictors.
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The variability in the timing of the post-vaccination titers was also an
important consideration. This was addressed in two separate sensitivity
analyses, first by excluding participants with levels drawn more than 3 months
after baseline levels/vaccination (n=72, 32%) and secondly, by including the
time from last vaccine dose as a variable in the analysis. No significant difference
in the results was found in either analysis. Furthermore, antibody titers were
only available on study participants who agreed to the follow-up bloodwork
(n=221, 57%). This limited sample size impacts the conclusions that can be
drawn from the lack of association. Similarly, this is a consideration for the RTI
severity analysis where the sample size was limited (n=229) and no association

was found.

Statistical Analysis

Ten participants withdrew from the study and as a result had incomplete
follow-up information. Removal of the participants in sensitivity analyses did not

materially change the results.

Finally, there were a large number of statistical analyses for the various
questions addressed in this study. Therefore, some associations may have been
found by chance alone. This is a concern primarily for the analysis of the
association between serum 25(0H)D levels and risk of respiratory virus

infection. However, we defined the primary analysis of interest (risk of proven
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viral respiratory tract infection) a priori. All other analyses (e.g. risk of the
individual respiratory viruses) should be considered exploratory and should be

confirmed with future studies.
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PART IV: CONCLUSION

Vitamin D insufficiency at levels lower than 50 nmol/L and lower than 75
nmol/L is a significant health problem in rural Hutterite communities in Alberta,
Saskatchewan and Manitoba, and these populations should be targeted for
supplementation. Older age and living at a higher latitude were factors associated
with lower serum 25(0H)D levels. The majority of variation in serum 25(0H)D
levels was at the individual level. Additional studies are needed to explore the
potential mechanisms leading to lower serum 25(0H)D levels, especially

individual level factors (e.g. genetics).

We also found that children and adolescents with lower vitamin D levels
were at increased risk for proven viral upper respiratory tract infection. Current
recommendations regarding target serum 25(OH)D levels may be too low and
further research to define the optimal serum 25(0OH)D level for immune function
is needed. This study provides evidence in support of future interventional trials
examining the efficacy of vitamin D supplementation on viral respiratory tract

infections in children and adolescents.

Serum 25(0H)D level was not associated with time to symptom resolution
or absenteeism from school in children and adolescents with proven viral
respiratory tract infections, however, sample size may have limited our ability to

detect a significant difference. Further studies are needed to assess the
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relationship between serum 25(0OH)D level and other outcomes, including
hospitalization and self-reported symptom severity based on validated scores in

children.%

Finally, serum 25(0H)D level was not associated with influenza vaccine
immunogenicity in children and adolescents. Given the important role of children
and adolescents in the spread of viral infections and the potential benefits from
their immunization to protect other higher risk groups, other strategies should
continue be evaluated to enhance the vaccine immune response. The role of
serum 25(0H)D level in influenza vaccine immunogenicity in other populations,

specifically immunocompromised patients, may warrant further study.
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Table 1: Canadian Studies of Vitamin D levels in Children
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Author Population N Female | Location Latitude | Time Mean Vitamin D | Number (%) Deficiency Variables
N (%) Period Level Associated with
(nmol/L) <25 <50 <75 serum 25-
nmol/L | nmol/lL | nmol/L | hydroxyvitamin
D Level

Roth® Age 2 - 16 yrs 68 29 (43) | Edmonton, 52°N April/03 47.2 (95%Cl 44 — | 4 (6) 23 (34)* | NA Vitamin D intake,
presenting to the Alberta 51) age and male sex
emergency
department

Newhook® Age 0— 14 yrs 48 21 (44) | St.John’s 47°N Sept/05- 60.2 0 17(35) | 37(77) | NA
presenting to Newfoundlan Mar/06
hospital dand

Labrador

Langlois’ Survey at 15 sites 1848 906 (49) | Canadian NA 2007 - Age6-11:75 NA NA 1076 NA
across Canada health 2009 (95% CI1 70 — 80) (58)
Pediatric measures
Component: Age 6 - survey Age 12 -19: 68.1
19 (95% Cl 64 —72)

Maguire® Healthy children 24 | 91 43 (47) Toronto, 43°N Nov 2007 | Median: 60 1(1) 29 (32) 75 (82) Younger age,
— 30 months Ontario — May (Range 20 — 126) cow’s milk
Community 2008 consumption,
pediatric office BMI

Stoian’ Healthy children 2 — | 1442 580 (40) | Calgary, NA Jan—Dec | 86.1+35.1 29 (2) NA 568 (39) | Age, nonwhite
13 years presenting Alberta 2006 (Range 10 — 323) ethnicity, season,
to hospital for BMI, dietary
elective surgery intake

Mark™ Healthy Children 1753 871 (50) | Quebec 45— 48°N | Jan—May | Range 11.4— 114 NA 1712 Age, increased
Age 9, 13 and 16 1999 115.9 (6.5) (98) BMI (girls)

Abbreviations: NA = not available
* |ess than 40 nmol/L
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Table 2. Observational Studies Evaluating the Association between Vitamin D and Respiratory Tract Infections (RTI)

Author Study Type Population Number | Country Study Period | Outcome Association | Results

Berry® CS 1958 birth 6789 UK Sept/02 — Self reported URTI in Yes 10 nmol/L increase in 25(0H)D
cohort April/04 the 3 weeks prior to associated with 7% lower risk of
Age > 45 level infection

Ginde™ CS > 12 years 18,883 us Oct/98 — Self reported recent Yes Lower prevalence of respiratory

Oct/94 URTI infections with higher 25(OH)D
levels

Laaksi*® Cohort Finnish Men 800 Finland Vitamin D Number of days of Yes Men with serum 25(OH)D levels <

(60 —70°N) | measured absence from duty due 40 nmol/L had significantly more
July 2002 to URTI in 6 months days of absence (p=0.0004)
following level

Sabetta® Cohort Healthy adults 198 Connecticut, | Sept 2009 — Respiratory infection Yes Vitamin D concentrations >= 38

us Feb 2010 (self reported and lab ng/ml (95 nmol/l) were associated
proven) with a two fold reduction in risk of
RTI and reduction in percentage of
days ill.

Porojnicu® Cohort Medical 110 Bucharest, Dec/07 — Self reported URTI No No correlation between 25(0OH)D
employees at Romania Jan/08 level and occurrence of any
hospital (45°N) respiratory tract infection

Wayse®® Case-Control | Children <5 150 India, May-June LRTI Yes Adequate serum 25(0OH)D > 22.5
yrs Indapur 2002 nmol/l and exclusive breast feeding

in 1% 4 months were protective

Karatekin® Case- Control | Newborns (<1 | 25 Turkey Jan/04 — LRTI Yes Mean serum 25(OH)D levels were
month) (41°N) April/04 lower in those with ALRTI than

controls

McNally® Case- Control | Children <5 197 Canada Nov/07 — LRTI (bronchiolitis or No No difference in mean vitamin D
yrs (Saskatoon) | May/08 pneumonia) level between cases and controls.

Roth* Case- Control | Children 1-18 | 50 Bangladesh | Jan/08 — LRTI Yes Mean serum 25(OH)D level

Feb/09 significantly lower in cases

Roth™ Case- Control | Children1 -2 129 Edmonton, Jan — March LRTI No No difference in mean serum

years Canada 2005/2006 25(0OH)D level between cases and

controls

Abbreviations: CS — cross sectional, URTI — Upper Respiratory Tract Infection, LRTI — Lower respiratory tract infection, 25(OH)D — 25-hydroxyvitamin D
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Table 3. Randomized Controlled Trials Evaluating Vitamin D Prophylaxis for the Prevention of Respiratory Tract Infections

Author Population N Country Study Period Outcome Association | Results
Avenell*® Age > 70 years 3444 UK March 2002 Self reported infection (18 No Per-protocol analysis — trend toward
months after benefit of vitamin D (p=NS) OR
randomization) infection 0.80 (0.64 — 1.01, p=0.06)
Li-Ng> Healthy Adults 162 US (New Dec/06 — Self reported URTI No No difference in URIs between the
Randomized to 2000 IU York) March/07 vitamin D group and placebo (p=0.57)
or none 40.7°N
Urashima® School children 334 Japan Dec/08 — Influenza A infection (NP Yes RR of developing influenza (RR), 0.58;
randomized to 1200 1U March/09 antigen testing) 95% ClI:0.34,0.99; P =0.04
or placebo
Manaseki- Children age 1-11 years | 3046 Kabul, Nov 4/08 — LRTI - pneumonia CXR No No difference in incidence of
Holland®”’ Afghanistan | May/09 confirmed pneumonia between groups
Jorde® Participants from 10 569 Norway, Sept/09 — Self reported ILI based on No ILI reported 38% Vitamin D group
intervention clinical Awustria, April/10 survey responses (n=289) and 42% in placebo group
trials USA, (n=280). P=NS
Age > 18 Scotland,
Denmark,
Belgium
Laaksi® Finnish Men (Age 18- 164 Finland Oct/06 — Number of days absent No No difference in number of days absent
28) (60 —70°N) | March/07 from duty due to RTI from work. Proportion of participants
with no days absent higher in Vitamin
D arm (p=0.045)
Camargo® Children with vitamin D | 744 Mongolia Jan — March Number of parent Yes Children in Vitamin D group had fewer
deficiency from grade 3 reported RTI over the 3 parent reported RTI (p=0.047)
and 4 months
Murdoch® Healthy adults 322 New Feb/10 — Number of URTI No No difference in the number of URTI
Zealand Nov/11 episodes episodes. No difference in severity
using WURSS-21.

Abbreviations: RCT — randomized controlled trial, URTI — Upper Respiratory Tract Infection, LRTI — Lower respiratory tract infection, 25(OH)D — 25-
hydroxyvitamin D
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Table 4. Baseline Characteristics of Children with Serum 25(OH)D levels

Vitamin D levels available*
(n=743)
Age, Mean (SD) 9.3 (3.4)
Female 390 (52.5)
Comorbidities
>=1 Comorbidity** 18 (2.4)
Asthma 11 (1.5)
Vitamin D Level (nmol/L), Median (IQR) 62.0 (51.0, 74.0)
Vitamin D Deficiency
< 25 nmol/L 4 (0.5%)
AAP < 50 nmol/L 152 (20.5%)
CPS <75 nmol/L 565 (76%)

*Categorical variables presented as number (%)

** Comorbidity: heart/lung disease (including asthma), blood disorder, swallowing/choking disorder, ASA use,
chronic metabolic condition, kidney/liver disease, immunodeficiency

Abbreviations: 25(0OH)D — 25-hydroxyvitamin D, SD — standard deviation, IQR — interquartile range
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Serum 25(0H)D Level (nmol/L)

Serum 25(0H)D by threshold*

Variable Spearman rank B coefficient, p OR (95% CI)
deilelliy 2 <50 nmol/L < 75 nmol/L

Age (years) -0.222, p<0.001 -1.39, p <0.001 1.09 (1.03 -1.15) 1.14 (1.08 — 1.20)

3 -4 years Reference

5 -9years -5.06, p=0.04 1.00 (0.49, 2.04) 1.36 (0.80, 2.29)

10 - 15 years -13.82, p<0.001 2.11(1.07, 4.16) 3.38(2.00, 5.80)
Male Sex NA 3.13, p=0.031 0.81(0.57-1.2) 0.61(0.44 -0.86)
Comorbidities NA 3.85, p=0.413 1.98 (0.73-5.37) | 0.49(0.19-1.27)
Latitude -0.255, p<0.001 -3.72, p<0.001 1.52 (1.33-1.74) 1.35(1.15-1.58)
Season NA 1.41, p=0.329 1.34 (0.94, 1.92) 0.79 (0.56, 1.11)

*American Academy of Pediatrics (AAP) cut-off of <50 nmol/L and Canadian Paediatric Society (CPS) cut-off of < 75 nmol/L

Abbreviations: NA = not applicable (predictor variable dichotomous), OR = odds ratio
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Table 6. Predictors of Serum 25(OH)D Level; Multivariable Analysis

Variable Beta P Value Vitamin D Level
Coefficient * OR (95% CI)
<50 nmol/L < 75 nmol/L
Age (yrs) -0.022 <0.001 1.12 (1.05, 1.20) 1.16 (1.09, 1.23)
Female -0.048 0.083 1.28 (0.83, 1.97) 1.69 (1.07, 2.65)
Latitude -0.064 <0.001 1.60 (1.31, 1.94) 1.43(1.17,1.74)

* Qutcome variable: log-25(OH)D level

71




Michelle Science — MSc Thesis
McMaster — Health Research Methodology Program

Table 7. Multi-level Model (Outcome Log 25(OH)D Level)

Intercept 1 Fixed Predictor 2 Fixed Predictors 3 Fixed predictors
Only

Fixed Component

Intercept 411 4.33 431 7.27

Age -0.023 -0.023 -0.023

Sex 0.041 0.042

Latitude -0.058

Random Component

Residual variance | 0.0656 0.0603 0.0600 0.0601
Variance
(household) 0.0175 0.0165 0.0164 0.0161
Variance
(colony) 0.0111 0.0132 0.0132 0.0075
Deviance 270.38 217.34 213.13 198.45
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Table 8. Predictors of Proven Viral Respiratory Tract Infection; Univariable Analyses

Variable OR (95% CI) p-value HR (95% CI) p-value
Age 0.92 (0.88,0.96) | <0.001 | 0.93(0.90,0.97) 0.001
Male 0.72 (0.53,0.99) | 0.042 0.73 (0.56, 0.96) 0.022
>=1 comorbidity 1.13(0.42, 3.04) 0.815 1.07 (0.47, 2.40) 0.877
Asthma 0.84(0.22,3.19) | 0.840 0.81 (0.26, 2.52) 0.714
Vaccination

Influenza 0.66 (0.48, 0.90) 0.009 0.74 (0.57,0.97) 0.026
Vitamin D level* 0.52 (0.31, 0.86) 0.012 0.61 (0.41, 0.91) 0.017
Vitamin D deficiency

<25 nmol/L 0.75 (0.08, 7.22) 0.801 0.72 (0.10, 5.10) 0.738

<50 nmol/L 1.75 (1.21, 2.53) 0.003 1.54 (1.15, 2.06) 0.004

<75 nmol/L 1.43 (0.98, 2.09) 0.067 1.35(0.97, 1.89) 0.074

Abbreviations: OR — odds ratio, Cl — confidence interval, HR — hazard ratio
*Using log serum 25(OH)D level
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Table 9. Association between Serum 25(OH)D level and Proven Viral Respiratory Tract
Infection, adjusted for Age and Sex

Adjusted OR P-value | Adjusted HR P-Value

Age (Per 1 yearincrease) | 0.90(0.84,0.97) | 0.004 0.92 (0.87,0.97) | 0.005

Male 0.74 (0.49, 1.10) | 0.139 | 0.74 (0.52, 1.04) | 0.082

Log 25-hydroxyvitamin D | 0.42 (0.24, 0.73) | 0.002 0.52 (0.35, 0.79) | 0.002
level (nmol/L)

Abbreviations: OR — odds ratio, Cl — confidence interval, HR — Hazard ratio
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Table 10. Serum 25(OH)D level as a Predictor of Recurrent Respiratory Tract

Infections, adjusted for Age and Sex

Adjusted HR P-value
Age 0.93 (0.88, 0.98) 0.010
Male 0.81 (0.60, 1.09) 0.150
Serum 25-hydroxyvitamin D level (nmol/L)*
Per 1 unit change in log 0.57 (0.39, 0.83) 0.003
Level
< 50 nmol/L 1.74 (1.21, 2.49) 0.003
<75 nmol/L 1.54 (1.13, 2.10) 0.007

*Analyzed as both a continuous variable and dichotomized
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Table 11. Association between Serum 25(OH)D levels and Individual Respiratory Viruses adjusted for Age and Sex

Log Serum 25(OH)D level

Serum 25(OH)D Level
<50 nmol/L

Serum 25(OH)D Level
<75 nmol/L

OR (95%ClI) p-value OR (95%ClI) p-value OR (95%Cl) p-value
Influenza (A or B) 0.54 (0.25,1.20) | 0.131 | 1.13(0.62,2.07) | 0.682 | 1.51(0.85,2.66) | 0.158
n=101
Coronavirus 1.37(0.51,3.70) | 0.536 | 1.10(0.45,2.66) | 0.840 | 1.53(0.55,4.24) | 0.415
n=26
Enterovirus/Rhinovirus | 0.62 (0.34,1.14) | 0.122 | 1.56(0.97,2.51) | 0.069 | 1.22(0.74,2.03) | 0.435
n=81
RSV 0.45(0.12,1.46) | 0.183 | 2.61(0.98,6.93) | 0.054 | 2.36(0.80,6.98) | 0.120
n=35
Parainfluenza 0.19 (0.08,0.48) | <0.001 | 3.55(2.21,5.71) | <0.001 | 2.58(1.00, 6.66) | 0.050
n=33
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Table 12. Baseline Characteristics of Participants who Developed a Proven Respiratory

Tract Infection (n=229)

Value*

Age, Mean (SD) 8.7 (3.5)

Male 96 (41.9)
Comorbidities

>=1 Comorbidity** 6 (2.6%)

Asthma 3 (1.3%)

Vitamin D Level (nmol/L), Median (IQR)

61.0 (49.0, 70.0)

Vitamin D Deficiency

< 25 nmol/L 1 (0.4%)
AAP < 50 nmol/L 62 (27.1%)
CPS < 75 nmol/L 184 (80.3%)

*Categorical variables presented as number (%)

** Comorbidity: heart/lung disease (including asthma, blood disorder, swallowing/choking disorder, ASA use,

chronic metabolic condition, kidney/liver disease, immunodeficiency
Abbreviations: SD — standard deviation, IQR — interquartile range
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Value*
Outcomes

Mean number of days of > 2 symptoms 2.9 (2.0)
Mean number of days of fever and cough 0.4 (0.9)
Mean number of days of fever 0.5(1.1)
Hospitalization 0

Pneumonia 1 (0.1%)
Otitis Media 6 (0.8%)
Absenteeism (missed school) 85 (11%)

*Categorical variables presented as number (%), continuous variables presented as mean (standard deviation)

unless otherwise mentioned
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Table 14. Unadjusted and Adjusted Associations between Covariables and Time to
Symptom Resolution (=2 symptoms)

Variable Univariable Analysis Multivariable Analysis
HR (95% CI)* p-value HR (95% CI) p-value
Age (continuous) 1.00 (0.97, 1.03) 0.884 0.99 (0.97, 1.03) 0.946
< 5years 1.01 (0.78, 1.30) 0.937
59 years 0.99 (0.76, 1.27) 0.911
> 10 years Reference
Male 1.15(0.90, 1.47) 0.273 1.16 (0.89, 1.50) 0.271
Comorbidities 1.22 (0.87,1.72) 0.244
Log serum 25(OH)D level | 0.87 (0.57, 1.33) 0.532 | 0.86(0.55,1.33) | 0.486
Vitamin D deficiency
Level <50 nmol/L 0.94 (0.73, 1.21) 0.638
Level <75 nmol/L 0.98 (0.67, 1.45) 0.931

*Qutcome = time to symptom resolution, hazard ratio > 1 reflects shorter duration of
symptoms and hazard ratio < 1 reflects longer duration of symptoms
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Table 15. Unadjusted and Adjusted Associations between Covariables and Time to

Fever Resolution

Variable Univariable Analysis Multivariable Analysis
HR (95% CI) p-value | HR (95% CI) p-value
Age (continuous) 1.12 (1.04,1.21) 0.003 1.12 (1.05 1.20) 0.001
< 5years 0.45 (0.23, 0.87) 0.018
5-—9years 0.62 (0.38, 1.02) 0.060
> 10 years Reference
Male 1.26 (0.92, 1.72) 0.153 | 1.35(0.86, 2.13) 0.190
Comorbidities 3.83(2.05,7.15) | <0.001 |3.17(1.82,552) | <0.001
Log serum 25(OH)D level | 0.89 (0.47, 1.67) 0.718 | 0.88 (0.54, 1.44) 0.614
Vitamin D deficiency
Level <50 nmol/L 1.14 (0.69, 1.89) 0.606
Level <75 nmol/L 0.79 (0.53, 1.16) 0.225
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Table 16. Unadjusted and Adjusted Associations between Covariables and Absenteeism

Variable Univariable Analysis Multivariable Analysis
OR (95% CI) p-value OR (95% CI) p-value
Age (continuous) 1.07 (0.99,1.16) | 0.093 | 1.07 (0.98,1.17) | 0.148
<5 years 0.16 (0.03, 0.86) 0.033
59 years 0.96 (0.58, 1.59) 0.884
> 10 years Reference
Male 0.89 (0.52, 1.50) 0.667 | 0.90(0.53,1.53) [ 0.690
Comorbidities 4.76 (0.97,23.45) | 0.055

Influenza vaccine group 0.61 (0.23,1.62) 0.325
Log serum 25(OH)D level | 0.68 (0.22, 2.07) 0.497 | 0.79(0.23,2.76) | 0.714
Vitamin D deficiency
Level <50 nmol/L 1.01 (048, 2.12) 0.990
Level < 75 nmol/L 1.46 (0.70, 3.06) 0.318
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Table 17. Calculated Minimum Hazard Ratio for Serum 25(OH)D level and
Dichotomized Variables based on Different Levels of Power using the Available Sample

Size (n=78)*

Continuous Variable (Log Serum 25(0H)D)

Power (%) 50 75 80 85 90 95
Effect Size / 2.05 2.62 2.78 2.99 3.27 3.73
Minimum Hazard

Ratio

Dichotomous Variable

Power (%) 50 75 80 85 90 95
Effect Size / 1.58 1.88 1.97 2.08 2.23 2.49

Minimum Hazard
Ratio

*Sample size calculated based on actual sample size = 202, adjusted by inflation factor (2.63) for
clustering based an average cluster size = 17 and an intercluster correlation (ICC) = 0.1019
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Overall Serology No Serology p-value
(n=391) Available (n=170)
(n=221)
Age, Mean (SD, 9.26 (3.39, 3-15) | 9.16 (3.28, 3-15) | 9.39(3.42, 3-15) | 0.506
Range)
Female 222 (58.6%) 115 (52.0%) 107 (62.9%) 0.031
Comorbidities
>=1 12 (3.1%) 10 (4.5%) 2 (1.2%) 0.057
Comorbidity
Asthma 8 (2.0%) 7 (3.2%) 1 (0.6%) 0.072
Vitamin D Level 61.0 (51.0, 72.0) | 61.0(50.0,71.0) | 62.0(53.0,74.0) | 0.181
(nmol/L),
Median (IQR)
Vitamin D Deficiency
< 25 nmol/L 3 (0.8 %) 2 (0.9%) 1 (0.6%) 0.598
AAP <50 nmol/L 82 (21%) 54 (24.4%) 28 (16.5%) 0.055
CPS < 75 nmol/L 305 (78%) 176 (79.6%) 129 (75.9%) 0.374

*Categorical variables presented as number (%)

**Independent t-test or Wilcoxon rank sum test for continuous variables, chi-square or
Fisher’s exact test for dichotomous variables
Abbreviations: SD — standard deviation, IQR — interquartile range
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Table 19. Summary of Outcomes by Influenza Strain

Number (percentage)
n=221
Number with Pre-Vaccination titer >=1:40
A/Brisbane/10/2007[H3N2] 157 (71.0)
A/Brisbane/59/2007[H1N1] 93 (42.1)
B/Brisbane/60/2008 33 (14.9)
Seroprotection (Number with Post-Vaccination titer >=40)
A/Brisbane/10/2007[H3N2] 159 (71.9)
A/Brisbane/59/2007[H1N1] 138 (62.4)
Both A strains 127 (57.5)
B/Brisbane/60/2008 79 (35.7)
Seroconversion (Pre-titer < 10 and post >=40)
A/Brisbane/10/2007[H3N2] 50 (22.6)
A/Brisbane/59/2007[H1N1] 76 (34.4)
Both A strains 24 (10.9)
B/Brisbane/60/2008 49 (22.2)
Seroconversion (Pre titer >= 10 and four-fold change)
A/Brisbane/10/2007[H3N2] 44 (19.9)
A/Brisbane/59/2007[H1N1] 23(23.1)
Both A strains 15 (6.8)
B/Brisbane/60/2008 17 (7.7)
Seroconversion (Pre-titer < 10 and post >=40 OR Pre titer >= 10 and four-fold change)
A/Brisbane/10/2007[H3N2] 94 (42.5)
A/Brisbane/59/2007[H1N1] 127 (57.5)
Both A strains 77 (34.8)
B/Brisbane/60/2008 66 (29.9)
Four-Fold Change in Titer
A/Brisbane/10/2007[H3N2] 96 (43.4)
A/Brisbane/59/2007[H1N1] 128 (57.9)
Both A strains 79 (35.7)
B/Brisbane/60/2008 73 (33)
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Table 20. Predictors of Seroprotection after Influenza Vaccination by Influenza Strain

(Univariable Analyses)

Seroprotection (Post Vaccine Antibody Titer > 1:40)
A/Brisbane/10/2007 A/Brisbane/59/2007 B/Brisbane/60/2008
[H3N2] [HIN1]
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
Age (per 1 year change) 0.94 (0.86 1.02) 0.128 0.96 (0.87, 1.06) 0.389 0.99 (0.86, 1.15) 0.930
< 5years 0.58 (0.27,1.25) | 0.166 0.61 (0.20, 1.82) 0.606 0.92 (0.26, 3.23) 0.893
5-9 years 0.63 (0.37,1.07) | 0.088 0.67 (0.34, 1.28) 0.665 1.23 (0.60, 2.50) 0.571
> 9 years Reference
Male 1.17 (0.55, 2.49) 0.685 0.57 (0.29, 1.12) 0.104 0.93 (0.44, 1.98) 0.855
Comorbidity 1.59 (0.49,5.20) | 0.443 0.59 (0.26, 1.33) 0.202 0.19 (0.03, 1.42) 0.189
Log serum 25(OH)D 1.52 (0.69, 3.34) | 0.295 1.42 (0.52, 3.91) 0.495 0.85 (0.29, 2.54) 0.771
Vitamin D Deficiency
AAP <50 0.72 (0.48, 1.06) 0.097 0.84 (0.44, 1.59) 0.587 0.97 (0.41, 2.31) 0.942
CPS <75 0.92 (0.50, 1.70) 0.781 0.79 (0.34, 1.83) 0.589 0.80 (0.47, 1.34) 0.392
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Table 21. Predictors of Seroconversion after Influenza Vaccination by Influenza Strain

(Univariable Analyses)

Michelle Science — MSc Thesis

McMaster — Health Research Methodology Program

Seroconversion*
A/Brisbane/10/2007 A/Brisbane/59/2007 B/Brisbane/60/2008
[H3N2] [HIN1]
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Age (per 1 year change) 0.99 (0.89,1.12) | 0.933 0.97 (0.88, 1.07) 0.502 0.97 (0.86, 1.09) 0.632

<5 years 0.68 (0.27,1.76) | 0.684 0.61 (0.18, 2.04) 0.419 0.71(0.21, 2.41) 0.233

5-9 years 1.16 (0.60, 2.26) | 0.666 0.69 (0.37, 1.31) 0.261 1.43 (0.80, 2.56) 0.233

> 9 years Reference
Male 1.34 (0.68, 2.62) 0.396 0.60 (0.29, 1.23) 0.164 0.95 (0.45, 1.99) 0.881
Comorbidity 0.90 (0.39,2.04) | 0.794 0.17 (0.03, 0.88) 0.034 *x
Log serum 25(OH)D 1.02 (0.54,1.92) | 0.951 0.98 (0.44, 2.15) 0.952 0.78 (0.21, 2.92) 0.706
Vitamin D Deficiency

AAP <50 1.00 (0.60, 1.67) 0.990 0.82 (0.54, 1.24) 0.346 1.11 (0.42, 2.90) 0.837

CPS <75 1.14 (0.63, 2.07) 0.668 1.38(0.87, 2.20) 0.173 0.93 (0.48, 1.81) 0.827

*post-vaccination titer > 1:40 for participants with pre-vaccine titer <1:10 and four-fold rise in post-vaccination titer for those with a pre-vaccine titer > 1:10

**unable to estimate because of Hessian matrix singularity
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Table 23. Geometric Mean Titers (baseline, post-vaccination and fold change) by
Influenza Strain and Comparison based on Serum 25-hydroxyvitamin D Level

Overall Serum 25(0H)D Level Serum 25(0H)D Level
<50 nmol/L | >=50 nmol/L p- <75 nmol/L | >=75 nmol/L p-
value* value*
A/Brisbane/10/2007[H3N2]
Baseline 93.9 114.6 88.0 0.443 91.5 103.9 0.727
(70.2,125.5) | (62.6,209.8) | (63.0,122.9) (65.0,128.6) | (61.3,176.2)
Post 130.9 123.8 133.3 0.839 133.0 1231 0.843
(96.3,178.0) | (63.1,242.8) | (94.2,188.7) (94.1,187.9) | (61.3,247.2)
A/Brisbane/59/2007[H1N1]
Baseline 22.8 20.8 235 0.647 19.9 38.8 0.020
(18.2, 28.6) (12.6, 34.4) (18.2, 30.4) (15.5, 25.6) (22.7, 66.2)
Post 119.9 116.1 121.2 0.918 112.2 155.1 0.465
(84.4,170.3) | (53.9,250.2) | (81.4,180.2) (75.5, 166.8) | (71.0, 339.0)
B/Brisbane/60,/2008
Baseline 8.9 7.3 9.5 0.169 8.4 11.0 0.181
(7.6, 10.4) (5.6,9.6) (7.9, 11.4) (7.2,0.9) (7.1, 16.9)
Post 19.7 18.9 20.0 0.859 19.1 22.6 0.581
(15.5, 25.2) (11.7, 30.8) (15.0, 26.6) (14.4, 25.2) (13.4, 38.3)
Fold Increase GMT
H3N2 1.39 1.08 1.51 0.509 1.45 1.18 0.708
(0.91, 2.15) (0.43,2.74) (0.93, 2.48) (0.88, 2.41) (0.52, 2.68)
HIN1 5.25 5.58 5.15 0.877 5.63 4.00 0.537
(3.39,8.15) | (2.05,15.23) | (3.16, 8.40) (3.41,9.30) | (1.58,10.12)
Influenza 2.21 2.59 2.10 0.452 2.25 2.06 0.764
B (1.75, 2.79) (1.69, 3.96) (1.59, 2.77) (1.73, 2.94) (1.26, 3.41)

* t-test comparing means of log titers between groups
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Figure 1. Scatter Plot of Standardized Pearson Residuals against the Predicted Value of
the Log 25(OH)D Level
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Figure 2. Time to Proven Viral Infection by Serum 25(OH)D level ( < 50 nmol/L vs. > 50
nmol/L) adjusted for Age and Sex
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Figure 3. Time to Proven Viral Infection by Serum 25(OH)D level ( <75 nmol/L vs. > 75
nmol/L) adjusted for Age and Sex
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Figure 4. Scatter plot Scaled Schoénfeld Residuals for Log 25(0OH)D against Time (Days)
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Figure 5. Scatter plot Scaled Schoénfeld Residuals for Age against Time (Days)
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Figure 6. Log-Log curves by Sex
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Figure 7. Log-Log Curves by Serum 25(OH)D Level < 50 nmol/L and >=50 nmol/L
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Figure 8. Log-Log Curves by Serum 25(0OH)D Level < 75 nmol/L and >=75 nmol/L
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Figure 9. Observed vs. Expected Survival Probability Graphs by Sex
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Figure 10. Nelson-Aalen Cumulative Hazard estimator for Cox-Snell Residuals
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Figure 11. Scatter Plot of Deviance Residuals by Participant ID Number
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Figure 12. Nelson-Aalen Cumulative Hazard estimator for Cox-Snell Residuals for Time
to Resolution of Symptoms
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Figure 13. Scatter Plots of Pearson Residuals by Predicted Value and Log 25(OH)D level
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Figure 14. Scatter Plot of Pearson Residuals by Predicted Value

(Outcome Influenza A/Brisbane/10/2007 [H3N2] Seroprotection: Antibody Titer >=
1:40)
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