An Exploration of the Associations
Between Gut and Serum Immunoglobulin A
in Infancy and Asthma in Childhood

By

Aaron van der Leek

A thesis submitted to the Faculty of Graduate Studies and Research

in partial fulfillment of the requirements for the degree of

Master of Science in

Medical Sciences - Paediatrics

University of Alberta

Edmonton, AB

© Aaron van der Leek, Spring 2020



Abstract

Introduction

Early immune maturation and gut microbial composition have a clear impact on
the development of asthma and atopy in children. There is a large body of evidence
on the association between immunoglobulin A (IgA), asthma, and other atopic
diseases. Low secretory Immunoglobulin A (sIgA) (mucosal) levels in infancy have been
associated with the development of asthma and atopic disease in childhood. As well,
absence of serum IgA is associated with increased risk for asthma. Serum IgA levels
have also been shown to be increased in those with food sensitization, despite the
levels being normal for their age. In this thesis, we determined if lower levels of the
primary gut mucosal immunoglobulin (slgA) during infancy were associated with the
development of asthma and/or wheeze in a large prospective, normal birth cohort. In
another cohort from a health administrative database, we determined associations
between serum IgA during in relationship to Emergency Department (ED) visits for

asthma and/or wheeze (AW) in childhood.

Objectives
This thesis aims to determine the relationships between fecal secretory

immunoglobulin A and childhood AW (Study 1) and serum IgA and childhood



emergency department visits for AW (Study 2). The objective of study 1 was to
determine whether infants with low fecal sIgA (vs normal-high) levels in the first few
months of life have increased risk for development AW. Study 2 was developed to

determine if low serum IgA children is a useful biomarker for future ED visits for AW.

Methods

In study 1, 951 infants from the CHILD study sites, Vancouver, Edmonton and
Winnipeg were included based on availability of stool samples. A 3-category variable
was used: breastfed (any fecal slgA level), formula fed with low slgA levels (lowest
tertile) and formula fed with normal-high fecal slgA levels (highest 2 tertiles). Logistic
regression models determined the association (Odds Ratio, OR) between low or
normal to high fecal slgA levels in non-breastfed infants and child AW in comparison
to breastfed infants, adjusting for confounding factors identified based on a directed
acyclic graph to determine the effect of fecal sIgA levels on childhood AW. In study 2,
anonymized administrative health data of 9,938 children who had serum IgA levels
assessed when they were <=3 years of age between April 1, 2013 and June 30, 2018
was obtained for analysis from Alberta Health Services (AHS) (Alberta, Canada).
Multiple logistic regression models determined the association (Odds Ratio, OR)
between normal to high serum IgA (top two tertiles compared to the lowest tertile) and

child ED visits for AW adjusting for covariates identified by directed acyclic graph.



Results

In study 1, when compared to breastfed infants, formula fed infants with low
fecal sIgA levels had 2.20 times the odds of having a diagnosis of asthma in the first
three years of life (OR: 2.13; 95%Cl: 1.03, 4.43) when controlling for confounding
factors. Formula fed infants with normal to high fecal sIgA were at increased risk for
atopic AW at age 1-3 years (OR: 5.45; 95%Cl: 1.69, 17.31) compared to their
breastfeed counterparts. In study 2, when compared to infants with low serum IgA
levels, infants with normal-high serum IgA levels (ages 1-2) had an adjusted OR of
having an ED visit for AW of 1.21 (95%Cl: 1.00, 1.46), controlling for confounding
factors. Those with normal-high levels (from 2-3 years) also had significantly increased
odds of atopic AW (adjusted OR: 1.79 (95%Cl: 1.03, 3.09) when compared to those

without.

Conclusion

Low levels of infant produced fecal slgA was associated with increased odds of
asthma, whereas normal to high levels were associated with increased odds of atopic
AW in comparison to breastfed infants. Normal-high levels of serum IgA in the first 3
years of life appear to be associated with ED visits for AW and atopic AW from 1 until
age 3. Further studies are needed to define the relationships between, slgA, serum

IgA, and asthma and atopic sensitization which may provide new insight into the



development of respiratory disease and atopic illness in childhood. Overall, both
serum IgA and secretory IgA may be important biomarkers to aid in early identification

and treatment of those prone to develop atopic diseases like asthma.
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This thesis is comprised of 4 separate sections:

Chapter 1: consists of a literature review. The review is followed by an outline of the

overall purpose, objectives, hypotheses, and sample size calculation for the studies.

Chapter 2: presents the first research study on fecal secretory IgA and asthma in a

large, prospective normal birth cohort.

Chapter 3: presents the second research study on serum IgA and emergency

department visits for asthma in a retrospective administrative health database cohort.
Chapter 4: presents general discussion and conclusions based on these works. This

chapter also covers limitations, strengths, bias assessment and a summary of the

significance of these findings for families and in clinical practice.
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1.0 Chapter 1: Introduction

Chapter 1 provides a literature review on the relationship between asthma and
Immunoglobulin A (IgA), first focusing on the burden of asthma and why it is a key area
of study. The chapter then focuses on the factors we understand to play a role in the
development of asthma, with a particular interest on the role of IgA, the microbiome
and other factors. The final sections of this chapter outline the role of IgA in mucosal
immunity, gaps of understanding about the role/association between IgA and asthma

development, and introduce how this thesis fills some of those gaps.

1.1 The Burden of Asthma

Atopic disease is an umbrella term that classifies a group of diseases (asthma,
atopic dermatitis, allergic rhinitis and food allergy) linked by a shared underlying
problem with the immune system. The main connection between these diseases is
atopy, which is the development of immunoglobulin E directed against allergens. The
prevalence of asthma and other atopic diseases place a huge economical and physical
burden on the world’s population—particularly in western societies [1]. Globally, there
are estimated to be 300 million cases of asthma and nearly 100 deaths per day are
attributed to asthma [1,2]. As well as impacting morbidity and mortality, asthma and
allergy present a significant financial burden to health care. It is estimated that annual
asthma-related health care costs for Canadian provinces vary between $46 million
(British Columbia) to $141 million (Ontario) per year. Other atopic diseases have been
reported to pose a similar economic burden [1,2]. These intricately linked diseases
significantly reduce quality of life for patients and their families, as well as present a
large financial cost through missed work and school [2-4]. As such, it is a key area of

research to understand the factors associated with development of asthma.



1.2 Asthma Phenotypes and Trajectories in Children

This thesis focuses primarily on childhood asthma, specifically until the end of
age five. Although a diagnosis of asthma before age five has proved difficult, in the last
decade, researchers and clinicians have become adept in diagnosing asthma at an
early age and characterizing the various asthma phenotypes and trajectories that
predict either short-term wheezing or long-term persistent asthma. In a seminal study
by Henderson et al., (2008), 6 major trajectories of early childhood wheezing were
characterized [5]. These trajectories include transient early, prolonged early,
intermediate, late onset, persistent and never/infrequent which predict chronic and
persistent asthma into adulthood to varying degrees. As noted in an editorial by Sears
et al., (2015), there are major shifts towards an increase of prevalence and probability
of wheezing in intermediate and late phenotypes, which is driven by atopic
sensitization at 3 and 4 years, respectively [6]. It is these phenotypes in particular which
are characterized by a greater proportion of atopic sensitization and severity of
symptoms that are less likely to go into remission in adulthood. By contrast, individuals
labelled as (non-atopic) transient early and prolonged early phenotypes are less likely
to have persistent disease into adulthood. Many studies report on the prevalence of
childhood asthma and wheezing in relation to various demographic and biological
factors. Longitudinal studies report that wheezing that starts in early life and persists
past 6 years of age generally persists into adulthood. However, it is important to keep
the various phenotypes of trajectories in mind as we try to understand underlying
mechanisms of disease and work to predict outcomes and manage or prevent

persistent asthma [7].



1.3 Early Life Factors and the Development of Asthma

As noted in these asthma phenotype and trajectory papers, traditionally
recognized risk factors cannot fully explain the shifting trends of incidence and
prevalence of childhood asthma and atopy in the past few decades. New causation
theories are required to explain these trends. The impact of early exposures on disease
development, known as Developmental Origins of Health and Disease, include various
pre- and post-natal factors such as gestational age, mode of delivery and breastfeeding
that have been shown to effect the development of atopic disease [8]. These effects
are mediated through multiple epigenetic mechanisms; for example, nutrition and the
microbiome influence the promotion of atopic pathways in susceptible individuals [8].
In particular, emerging evidence highlights the significant impacts the human
microbiome has on the development of early immune tolerance, affecting future
development of asthma and atopy [?]. For proper development, fecal-oral and vaginal-
oral transmission (‘seeding’) of the microbiome at birth during delivery, and further
development of a healthy microbiome via breastfeeding, are critical in the
establishment of a 'healthy gut’ microbiota [10]. A healthy microbiome is linked to
disease prevention in issues ranging from depression and atopic disease to obesity

[11].

One of the major determinants of a healthy microbiome is mucosal immune
system function. Immunoglobulin A (IgA) is the major mediator of humoral mucosal
immunity and is particularly important in development and regulation of the
microbiome [12]. In particular, differential binding patterns of mucosal IgA to
microbiota in early life are associated with gut microbial dysbiosis and later

development of atopic diseases [13]. This thesis will investigate the associations



between development of fecal secretory and serum IgA levels early in life, and

existence of preschool asthma and wheeze.

1.4 Mucosal Immunity, Imnmunoglobulin A, Asthma and the Microbiome

An understanding of the ontogeny, or normal development, of the mucosal
immune system is critical to understand the relationship between IgA and asthma. This

section will focus on the role of IgA in development of mucosal immunity.

1.4.1 Basic Mucosal Immunity

The mucosal immune system of humans is a series of lymphoid-associated
structures at mucosal surfaces throughout the body, including the breast, and
gastrointestinal, respiratory and urogenital tracts [14,15]. The extensive immune
protection at mucosal surfaces is mediated by mucosal associated lymphoid tissues
(MALT), which form vast interconnected networks by the elaborately regulated,
selective localization of cells and molecules activated at one mucosal site and seeded
to other sites throughout the body [15]. Atthese mucosal sites, there is a predominance
of dimeric IgA (bound by a J-chain) secreting plasma cells. Secretion of this molecule
onto mucosal surfaces is facilitated by binding of dimeric IgA to polymeric
immunoglobulin receptor protein (plgR) which also forms the stabilizing secretory
component (SC), forming secretory IgA (slgA) when cleaved and secreted into the
mucosal surfaces. SC helps stabilize slgA from breakdown by proteases. Secretory
Immunoglobulin M (sIgM), which is also polymeric and bound to SC, is secreted by a

similar process. As well, small numbers of IgM, Immunoglobulin G (IgG) and



Immunoglobulin D (IgD) and rare Immunoglobulin E (IgE) secreting plasma cells are
found at mucosal sites [16]. IgG and IgD are found early in mucosal immune
maturation, and are also compensatory antibodies in individuals with IgA-deficiency,
but they are not bound to SC or J-chains [16].

There are two IgA subclasses (IgA1 and IgA2) which vary in proportion at
different mucosal sites. IgA2 is predominant in the gastrointestinal tract, whereas IgA1
is predominant in the salivary glands and nasal lymphoid tissues. Response to protein
antigens at the mucosal sites are predominantly IgA1, whereas IgA2 subclass
antibodies are primarily produced in response to polysaccharide antigens [17].
Induction of an IgA mediated immune response to antigens and microbes is thought
to occur largely via antigen sampling through M-cells in Peyer’s patches, and through
both T-cell independent and dependent mechanisms resulting in terminally
differentiated IgA+ plasma cells, which yield antibodies of varying affinities [18]. All the
IgA antibodies and immune cells present at mucosal surfaces serve three main
functions: a first line of defense from infection by viruses and microbial agents,
prevention of systemic immune response to commensal microbiota and food antigens,

and regulating the immune responses to pathogens [19].

1.4.2 Serum IgA vs Secretory IgA in Health

This project focuses on the role of serum and secretory immunoglobulin A--in
relation to asthma and respiratory illness in childhood. As outlined above, slgA (the
secreted form) is critical to development of the microbiome, infection prevention, and
the development of asthma. In contrast, serum IgA has less well understood

relationships to the microbiome and asthma. Some insight can be gained through



observation of patients with selective IgA deficiency with extremely low or
undetectable serum IgA [20,21]. Serum (blood) IgA represents only approximately 7%
of the total IgA present in the body, and serum levels do not correlate with secreted
IgA levels [22,23]. Despite the poor correlation between serum IgA and slgA, children
with selective IgA deficiency (absence of serum IgA) have an increased risk of
developing sinopulmonary and gastrointestinal infections, allergy, asthma and
autoimmune diseases; presumably effects of lacking mucosal immunity associated with
slgA [24]. Although there is a well-reported increased risk, only a small number of
selective IgA deficient individuals are symptomatic in comparison to those who have
presence of IgA. Interestingly, this mismatch between serum and secretory IgA may
partially account for the lack of symptoms in the majority of selective IgA deficiency
individuals since these individuals may retain some levels of sIgA with absence of
serum IgA. Other compensatory factors, such as increased secretory immunoglobulin
M in patients with low slgA may explain this phenomenon but, these relationships

remain poorly understood [25].

Besides the research on IgA deficiency and asthma, further studies have shown
that levels of serum IgA in those without an immunodeficiency also relate to asthma.
Kim et al. (2015) showed that serum IgA levels were significantly related to sensitization
to house dust mites and airway hyper responsiveness, two key defining factors in
asthma exacerbation and diagnosis, respectively [26]. They demonstrated that high
levels of serum IgA correlated with increased odds of house dust mite sensitization and
also decreased odds of airway hyperresponsiveness, though this relationship was not
significant in final models [26]. This research highlights the potential differential
relationships between serum IgA and secretory IgA on asthma and atopic sensitization,
since high fecal IgA has previously been associated with reduced risk for atopic disease

[27].



1.4.3 Immunoglobulin A - A Key Factor in Gut Microbiota Development

As highlighted previously, slgA has multifaceted roles in the mucosal immune
system. Key roles include controlling inflammation and regulating the immune
response to enteric and respiratory pathogens, commensal microflora and certain
dietary antigens [18,28-31]. This regulation of microbes by slgA is a critical factor in the

development of a healthy microbiome [12,18].

Breastfeeding plays a well-established role in immune system development in
infancy and one of the main components of breastmilk is sIgA [32]. sIgA in breastmilk
is particularly important in the development of the early microbiome because it is the
main source of sIgA during this key period in which the infant's immune system is
programmed for tolerance to commensal microbes and antigens. Normally, infants are
able to produce normal levels by sIgA at 6 months of age [33,34]. Delayed production

of fecal IgA in infants is associated with increased risk for atopic disease [27].

Current evidence for the effects of pre- and post-natal influences on slgA levels
include: higher 3-month fecal slgA concentrations with higher breastfeeding status;
lower 3-month fecal slgA levels in infants with maternal stress during and after
pregnancy; and having greater colonization of Clostridioides difficile (C. difficile) in gut
microbiota [35-37]. Persistently low levels of slgA in infants may lead to the
development of atopy, infection and asthma, mediated by effects of an aberrant
microbiome composition as a result of loss of immune exclusion of typical pathogens,
and decreased ability to maintain more beneficial bacteria [13,27,38,39]. Exposures
that affect the interaction between gut sIgA and the microbiota may result in persistent
altered gut microbial colonization, increasing risk for chronic diseases

[12,13,36,38,40].



1.4.4 The Microbiome and Asthma

The microbiome provides a major link between slgA and the development of
asthma. The next section provides a broad overview of the microbiome and asthma,
with a particular focus on the role of IgA in both phenomena.

In the past 5 years, the link between gut microbiota and asthma has become
increasingly clear [41]. Although the gut microbiota is the most well-characterized
microbiome, there are distinct microbial communities on the skin, nose, oral cavity,
respiratory tract, stomach, intestines and vagina [42-48]. Community composition,
relative abundance, and bacterial load vary significantly between locations in the body,
but a few phyla have been characterized as the major colonizers in and on the body;
these include: Firmicutes, Bacteroidetes, Proteobacteria, Actinobacteria, Fusobacteria,

and Cyanobacteria [49].

The intestinal microbiome is the most extensively studied, with over 100,000
articles published in the last 10 years. In the gastrointestinal tract, Bacteroidetes
represents the most abundant phylum, followed by Firmicutes [50]. Compared to the
intestinal microbiome, the respiratory tract is one of the least colonized surfaces of the
body. From the upper respiratory tract to the lower respiratory tract lies a gradient from
high to low microbial presence [44,51,52]. Similar to the gut, the predominant phyla in
the airways are the Firmicutes and Bacteroidetes [43-45]. It is important to note that in
spite of the large number of microbiome studies, their outcomes should be taken with
a grain of salt. By nature, microbiome studies are inherently biased based on sampling,
culturing and sequencing techniques used to detect bacteria and estimate
predominance; methodological hurdles are especially present in characterizing the
relatively sparse microbiota of the respiratory tract [52]. New techniques to elucidate

microbial ‘dark matter’ or microbes that are too low of an abundance to detect could



provide more useful information for determining true candidates for disease

causative/associated microbes [53].

1.4.5 The Respiratory Microbiome and Asthma

Despite the inherent limitations in defining the respiratory microbiome, there is
evidence to support the association between simultaneous and connected
development of the intestinal and respiratory microbiome after birth [54]. As shown by
Madan et al., (2012), a number of bacteria which first appear in the intestine are
detected subsequently in the respiratory tract, which they hypothesize is due to
microaspiration of intestinal microbes promoting the development of the airway
microbiota [54]. As well, fluctuations in diet affect both the respiratory and intestinal
microbiome [54,55]. Culture and sampling methods in children are challenging and
there is discordance between upper and lower respiratory tract microbiota; however,
when the data is combined between all sampling methods, general trends indicate that
the intestinal and respiratory compartments are closely connected and that changes at
one site have the potential to impact the other [43,54]. Furthermore, there is a notable
difference between number and diversity in the airway microbial population between

healthy subjects and those with asthma [9,45].



1.4.6 Respiratory and Intestinal Microbiomes and the Link to Asthma

There are strong shifts in overrepresentation of Proteobacteria and Firmicutes
with diminished Bacteroidetes in lung microbiomes from those with asthma, compared
to healthy controls [45]. These changes in the lungs are also comparable to changes in
the gut microbiome in early infancy associated with development of asthma in
childhood, and there is further evidence from cross-sectional studies on the microbial
differences between those with asthma and healthy adults [10,56,57]. This points
towards a link between in early microbiome dysbiosis and established dysbiosis in the
respiratory and gastrointestinal tracts in the development of asthma [10,56,57].

Recurrent gut infection is a sign of microbial dysbiosis, which has been linked to
increased risk for asthma, atopic disease, depression, and obesity [58-64]. Preliminary
evidence suggests that probiotics may prevent infection and resultant atopic disease
in “at-risk” groups, though these results are highly contentious [65]. This is in
agreement with the hygiene hypothesis, in which typical early exposure to “beneficial”
microbes may prevent gut dysbiosis through tolerance-inducing mechanisms and
resultant harmonious balance between Th1 and Th2 T-helper cell subsets [66].
Previous research has also linked respiratory infections to chronic airway disease,
though little is known about how viral and bacterial infections, which underly
exacerbations of chronic lung disorders, can shape the microbiota or are caused by the
various gut microbial compositions. Respiratory infections lead to an inflammatory
state and this inflammation leads to temporary or permanent damage and possible
reprogramming of immune responses. The difference between temporary damage in
the average person with a cold, and remodeling or other changes in people with
chronic lung disease like asthma and cystic fibrosis, may be mediated in part through

the microbiota. Separately, or possibly additively, the microbiota contributes through
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the development, maintenance and regulation of immune tolerance/immunity [67].
Evidence points to a strong link between respiratory infections and distinct respiratory
microbiome composition. Yietal., (2014) recently profiled bacterial communities in the
upper respiratory tract in patients with acute viral infections including: influenza,
parainfluenza, rhinovirus, coronavirus, metapneumovirus, adenovirus and respiratory
syncytial virus [51]. Virus-infected individuals had an increased prevalence of
Haemophilus and Moraxella but there was no specific virus-associated bacterial profile,
suggesting that specific respiratory microbiomes are associated with susceptibility to
viral respiratory illness, though this could be due to the low sample size of the study
and large variability between viral infections and underlying diseases [51].
Interestingly, individuals with chronic respiratory bacterial infections also regularly
present with two distinct microbes [68]. These microbes strongly compete with each
other and are also associated with a very distinct composition of airway microbiota [68].
Germ-free mouse models that harbor no microbes in the gut or lungs, and other mouse
studies have also illustrated that the presence of beneficial microbiota is critical for
defense against influenza virus and certain bacterial pneumonias [69-72]. It is unclear
at this point why these functional associations exist—does a lack of colonization in the
gut affect the immune system, or is it due to a lack of protective microbes in the lungs?

Preliminary evidence suggests that it may be a combination of both.
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1.4.7 Intestinal and Respiratory Microbiomes, IgA and Asthma

The literature suggests that slgA has a similar protective function against
bacterial and viral pathogens in both the respiratory and gastrointestinal tracts. For
instance, slgA protects against respiratory tract Mycobacteria and Chlamydia
pneumoniae, organisms which have been linked to a potential pathogenic mechanism
leading to later-onset asthma [45,73-76]. Mycobacteriaceae and Chlamydia
pneumoniae are also persistently present in the airways of the chronic asthmatic
population [76-78]. Early infection with respiratory syncytial virus and human rhinovirus
have also been associated with later onset and development of asthma, independent
of atopy [74]. It is clear based on this large body of evidence that the development of
the respiratory and gut microbiomes are linked to each other and to asthma. Because
of its role in early gut microbiota and immune regulation, slgA may be an important

factor in mediating these relationships.

1.5 Summary and Gaps: IgA, the Microbiome and Asthma

Asthma is an epigenetic, multi-factorial disease with many genetic,
environmental and lifestyle factors contributing to disease onset and progression. It
has been established that serum and secretory IgA are separately associated with
asthma and atopic disease. Studies on the gut microbiome in relation to slgA and
asthma show potential links for early life development of the immune system and
microbiome that impact development of asthma later in life. However, currently there
is little understanding of the differences between secretory and serum IgA and how

they associate with asthma development.
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Dzidic et al., (2015) found that the proportion of sigA bound to the dominant
bacteria, rather than total fecal slgA, was associated with allergic manifestations, in
particular asthma, up to 7 years of age. However, all individuals in this cohort were
breastfed at the early timepoint of stool collection so there may be undiscovered
differences in total slgA between formula fed and breastfed infants [13]. As well, high
total fecal IgA during infancy, which can be comprised of serum and secretory forms at
a young age when the intestinal barrier is not fully developed, has been shown to be
associated with reduced risk of atopic diseases at two years of age [27]. It remains to
be seen whether fecal slgA levels are predictive of asthma when breastfeeding status
varies and how this relates to health care utilizations for asthma.

A recent paper by Kim et al., (2017) looked at associations between serum IgA
levels and allergy/asthma in adult patients and found serum IgA was related to airway
hyperresponsiveness, but only considered those with suspected asthma [26]. An older
population-based study found that low serum IgA levels (<461 ug/mL) in the 18% to
23 months of life were associated with increased cumulative incidence of asthma,
atopic dermatitis and otitis media. However, this study has limitations because it was
used cord blood samples which may represent both maternal and newborn
contributions to total IgA [79]. In comparison, a more recent case-control study from
Croatia found lower serum IgA levels in children with asthma than controls, but also
that there was higher serum IgA in those with allergic asthma than those with non-
allergic asthma [80]. A more rigorous prospective cohort study found that higher serum
IgA levels at two months were associated with respiratory allergic symptoms and
sensitization at 5 through 20 years of age [81]. Interestingly, these results with infant
serum IgA levels were more significant than levels of IgA levels in milk during
breastfeeding, though the breastmilk IgA concentration was inversely associated with

total serum IgE and positive skin prick test at 20 years of age [81]. Many publications

13



also describe the association between selective IgA deficiency, which is the complete
absence of serum IgA, and increased risk for asthma, but it remains to be seen if low
serum IgA levels, as well as its absence, have a similar relationship to asthma [74].
There is a gap in the literature on the relationship between the maturation of IgA
levels in the infant and later development of childhood asthma. To date, no large
population cohort studies exist that have successfully described total levels of fecal
slgA in early life in relation to both later development of asthma and health care
utilizations for asthma. As well, no studies have reported the risk of Emergency
Department visits for childhood asthma with respect to serum IgA levels in a large
population-based cohort. It remains to be seen how the relationships between serum
IgA and fecal sIgA compare with childhood asthma outcomes. This thesis provides
some much-needed insight on the associations between early life IgA levels and

development of asthma.

1.6 Hypothesis and Objectives

This thesis will explore two hypothesis and objectives in separate cohort studies
to further our understanding of IgA and development of childhood asthma and atopic
disease.

The objective of the first study is to determine whether infants with low fecal sigA
in the first few months of life have increased odds for asthma compared to those who
exhibit normal-high levels, using data gathered from the CHILD birth cohort. Our
hypothesis is that infants with low fecal slgA will have increased risk for a diagnosis of
or emergency department visits for AW in childhood. Having low fecal sIgA in infancy
when there is rapid development of the immune system and microbiome may be an

important biological marker for aberrant development of these systems, which may
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relate to later development of childhood asthma. A secondary hypothesis is that fecal
slgA is differentially associated with atopic and non-atopic AW. We test this association
while controlling for the relationships between breastfeeding status, delivery mode,
antibiotics exposure, gravidity, maternal asthma/allergy, maternal depression

trajectories, smoke exposure, age, sex and maternal obesity on slgA and asthma.

The second study was conducted using an Alberta Health Services (AHS)
administrative health database. The objective of this retrospective cohort study is to
determine whether infants with low serum IgA in the first months to years of life are at
increased risk for emergency department visits asthma compared to those who exhibit
normal to high levels. Our proposed hypothesis is that patients who have low serum
IgA levels will be at increased risk for emergency department visits for AW in
childhood. A secondary hypothesis is that serum IgA is differentially associated with
atopic and non-atopic AW. We are testing this association while controlling for

potential confounding pathways that include age, failure to thrive, and infant sex.

1.7 Demographic Factors Related to IgA and Asthma

The following section will outline various demographic and biological factors
related to IgA (serum or secretory) and asthma that are potentially important to

consider when conducting population-based studies on IgA and asthma in childhood.

1.7.1 Tobacco Smoke Exposure

Parental smoking pre- and post-natally critically impacts the development of the

immune system and microbiota of the infant and increases the risk for asthma. Maternal
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smoking may disturb the initial 'seeding’ of the infant gut microbiota during birth. There
is a significant change in adult oral and gut microbiomes after smoking cessation
[82,83]. As well, notable levels of tobacco smoke metabolites are found in the
meconium of infants of mothers with tobacco smoke exposure, which may have effects
on the microbiome and immune system [84]. One study on mucosal immunity in infants
at 12 months of age showed that maternal smoking was associated with increased total
salivary IgA and an associated increase in chronic upper respiratory tract symptoms
[85]. This study also showed that infants of mothers who smoked had decreased rates
of successful breastfeeding initiation and stopped breastfeeding earlier [85]. Other
studies have shown increased slgA levels and a trend toward increased wheeze and
lower respiratory tract symptoms in infants of mothers who smoked [86,87]. Pre- and
post-natal smoke exposure has also been associated with increased risk for wheeze

and asthma [88].

1.7.2 Maternal Asthma and Atopic Disease

There are high rates of correlation between maternal asthma and other atopic
disease and subsequent development of asthma. Indeed, family history of allergies is
one of the most important factors in the asthma predictive index, which points towards
genetic heritability in immune function associated with asthma [89,90]. To date, no
studies have determined associations between parental atopic diseases and

immunoglobulin A levels in infants.
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1.7.3 Maternal Obesity During Pregnancy and Cesarean Delivery

Maternal atopy and asthma during pregnancy are also associated with maternal
distress both pre- and post-natally, and obesity [59,91-93]. Interestingly, overweight
body mass index during pregnancy is linked to significant changes in the infant gut
microbiome [94]. One prospective cohort study found that both high maternal pre-
pregnancy weight and excessive weight gain during pregnancy were associated with
a lower abundance of Bifidobacterium in the infant's gut at 1 month and a higher
abundance of Clostridium histolyticum at 6 months [95]. Additionally, maternal obesity
is associated with increased risk of caesarean section, which itself increases the
likelihood of exposure to antibiotics during birth. Both caesarean section and antibiotic
exposure are risk factors for changes in the microbiome and may also alter IgA levels

and increase risk for the later development of asthma [10,29,35- 37,96,971.

1.7.4 Breastfeeding

As confirmed in many previous studies, breastfeeding has a major influence on
both infant IgA levels and development of asthma, but the direction of the relationship
is contentious [13,32,36,37]. Breastfeeding is associated with increased levels of fecal
IgA and decreased serum IgA levels [32,36]. Although no human studies have directly
determined whether breastfeeding stimulates slgA production, increased levels of
slgA in the gut have been shown to induce a positive feedback loop for further sigA
production [98,99]. As well, breastmilk contains additional components like
oligosaccharides that favour a greater abundance of Bifidobacteria and Lactobacillus
[100,101]. Infants supplemented with probiotics that include species of these two

genera are more likely to have higher fecal IgA than infants without supplementation
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[102]. Although breastfeeding may promote proper colonization of the infant
microbiome and slgA levels in early life, evidence is still not entirely clear as to whether

breastfeeding has protective abilities in development of asthma and allergy [101].

1.7.5 Maternal Depression and Anxiety

Maternal depression, anxiety or distress during and after pregnancy have been
associated with increased risk for physician diagnosed childhood asthma, but these
associations seem to diminish with child age [103]. As revealed by previous study from
our lab, in addition to lower levels of interaction and a shorter period of breastfeeding,
infants of depressed mothers also have reduced fecal slgA levels, which may be a
partial mediator in the association between maternal depression and asthma in

offspring [37].

1.7.6 Antibiotic Exposure

Antibiotic usage during both delivery and within the first few months of life has
large effects, decreasing species richness in the infant gut microbial composition and
increasing risk for childhood asthma [104]. In particular, intrapartum antibiotics used in
vaginal and C-section deliveries can significantly lower species richness and
Bacteriodetes abundance in the 3-month period postpartum [105]. In infants,
antibiotics can impact the total levels negatively and delay timing of production of sigA.
These changes in slgA due to antibiotics were associated with decreased species

diversity in the microbiome [29].
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1.7.7 Multigravida

A population-based study showed that firstborn children had higher total fecal
IgA than those with older siblings [36]. Additionally, multigravida is associated with
maternal age, having more offspring and socioeconomic status, which are important
predictors for infant outcomes including asthma. These are important factors to

consider in population-based studies of asthma.

1.7.8 Immunoglobulin E

Based on the etiology of asthma, IgE is an important factor in predicting asthma
and is one of the key factors in the modified asthma predictive index [90]. Elevated IgE
levels are a marker of atopy or allergic sensitization [90]. IgA and IgE are intimately
related in that low fecal IgA has been associated with increased risk for IgE-mediated
allergic disease [27]. In comparison, both high and low serum IgA have been
associated with allergic sensitization [79,81]. A significantly positive relationship exists

between serum IgA and IgE levels [106].

1.7.9 Failure to Thrive

Failure to thrive is a medical diagnosis given to a child who is failing to gain
appropriate height or weight, as compared to age- and gender-matched growth
norms. A previous population-based study revealed that failure to thrive is significantly
associated with feeding problems, however the differential diagnosis is broad and
includes organicillnesses such as immunodeficiency, celiac disease, food allergies and

cystic fibrosis [107]. One survey revealed that only 10% of infants with failure to thrive
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are diagnosed with organic illness, with most occurrences a result of inadequate

parenting, child abuse or breastfeeding difficulties [108].
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1.8 Sample Size Calculation:

Estimated proportions of relative rates of asthma between IgA deficient and control

individuals come from Urm et al’s., 2013 study [74].

: : : ., P(1—Pp)

Sample size per group needed in study based on proportions = n = 2PI (W)
1~ P2

PI= Power Index

To determine the sample size with a 2-sided a of 0.05 and 3 of 0.20 (power=80%),
the Power Index (PI) will be: 1.96 + 0.84=2.80

p=(p1—p2)/2

Pl=1.96 (0.05q, two-tailed) + 0.84(0.20p3, two-tailed) = 2.80

Asthma Group Size Needed:
p: = Asthma rates in serum IgA deficient individuals = 30.8% = 0.308
p, = Asthma rates in control individuals = 11.5% = 0.115

p =(0.308 — 0.115)/2 = 0.0965

0.0965(1—0.0965)
(0.308-0.115)2

n = 2(2.8)%( ) = 36.7 individuals per group
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2.0 Study 1: Infant Fecal Secretory Immunoglobulin A in Relation to Childhood

Asthma and Wheeze

2.1 Abstract

Background. Early immune maturation and gut microbial composition have a clear
impact on the development of asthma and atopy in children. Low secretory
Immunoglobulin A (slgA) levels and binding patterns of slgA to gut microbiota in
infancy have been associated with the development of asthma and atopic disease in
childhood. In this study, we determined if lower levels of the primary gut mucosal
immunoglobulin (slgA) during infancy was associated with the development of asthma

and/or wheeze (AW) in a large prospective, normal birth cohort (CHILD).

Objective. The objective of this study was to determine whether infants with low fecal
slgA (vs normal-high) levels in the first few months of life have increased risk for

development AW.

Methods. 951 infants from the CHILD study sites, Vancouver, Edmonton and Winnipeg
were included based on availability of stool samples. Stool samples from infants age 2-
5.5 months were chosen to limit the known effects of food introduction on mucosal
immunity. Physician-diagnosed asthma and unexpected doctors visits (UVs) for AW
were determined from parentreportat 1, 2, 3, 4 and 5 years. Atopic sensitization status
atage 1 and 3 years was determined by skin prick test. Fecal slgA was quantified using
Immundiagnostik 1G slgA ELISA kit as previously reported [1]. A 3-category variable
was used: breastfed (with any fecal sIgA levels), formula fed with low slgA levels (lowest
tertile) and formula fed with normal-high fecal slgA levels (highest 2 tertiles). Using

STATA v16, logistic regression models determined the association (Odds Ratio, OR)
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between low or normal-high fecal slgA levels in non-breastfed infants and child AW in
comparison to breastfed infants, adjusting for confounding factors identified based on

a directed acyclic graph to determine the effect of fecal slgA levels on childhood AW.

Results. About 7% of infants were diagnosed with asthma by age 3, and 10% at ages
4-5. In all infants, low fecal slgA levels were found in 68% of infants who were not
breastfed, 31% of infants who were partially breastfed and 14% of infants who were
exclusively breastfed (p<0.001). When compared to breastfed infants, formula fed
infants with low fecal slgA levels had 2.13 times the odds of having an asthma
diagnoses in the first 3 years of life (OR: 2.13; 95% CI: 1.03, 4.43) when controlling for
confounding factors. In the absence of breastfeeding, no associations were found
between unexpected healthcare utilizations for AW at age 1-3 and higher fecal sIgA or
between AW at ages 4-5, and low or higher fecal slgA. Formula fed infants with high
fecal slgA were atincreased risk for atopic AW at age 1-3 years (OR: 5.45; 95% Cl: 1.69,
17.31).

Conclusions. Low levels of infant produced fecal slgA in formula-fed infants were
associated with increased odds of AW, whereas normal to high levels in formula-fed
infants were associated with increased odds of atopic AW in comparison to breastfed
infants. Due to these associations, slgA production in non-breastfed infants may be an

important biomarker for early-onset non-atopic/atopic AW.
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2.2 Introduction

Beginning prenatally through to the 1°t year of life, there are key medical, lifestyle
and environmental factors which contribute to the development of childhood asthma
[2]. In the past 10-15 years, the human microbiome has emerged as a leading influence
in the development of immune tolerance, including asthma and atopy [3]. Fecal-oral
or vaginal-oral transmission (‘seeding’) of the microbiome during delivery and further
microbiome development via breastfeeding is critical in development of 'healthy gut’
microbiota. This healthy composition is linked to decreased risk of diseases ranging

from depression and atopy to obesity [4].

Secretory immunoglobulin A (slgA) is the main immunoglobulin on the mucosal
surfaces and is critical to the development of early life gut microbiota composition and
antigen tolerance [5]. slgA fulfills these roles by antigen sampling, immune exclusion
of pathobionts and promotion of colonization of commensal gut bacteria [6-8]. Studies
in IgA deficient humans show that IgA is critical for proper gut colonization of microbes
and tolerance to antigens even in spite of compensatory mechanisms by

immunoglobulin M [9].

Fecal slgA levels are linked to microbiota composition and atopy. Lower infant fecal
slgA levels at 3 months of age are associated with maternal stress, being formula-fed
and having greater abundance of Clostridioides difficile (C. difficile) abundance in gut
microbiota [1,10,11]. Infants with higher fecal IgA at 3-6 months of age had a
decreased risk of developing any allergic disease by age 2 [12]. There is further
evidence that different levels of binding of slgA to bacteria in the gut is associated with
allergic manifestations up to 7 years of age, in particular asthma, in a breastfed cohort
[13]. It remains to be seen if total fecal slgA levels in the first few months of life are

associated with asthma when breastfeeding status varies.
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Although slgA, gut microbiota composition and atopic diseases are clearly linked,
the mechanism(s) is (are) poorly understood [13,14]. The gut microbiota has been
shown to have important crosstalk with the immune system and this is implicated in the
pathogenesis of asthma [15]. Compared to the gut, the respiratory tract is one of the
least-colonized surfaces of the body; there lies a gradient from the extensively
colonized naso-oral-pharyngeal tract to the lower respiratory system, which has a low
ratio of bacterial to human cells [16-19]. Factors implicated in gut microbiota
composition may also have direct effects on the microbial composition in the
respiratory system, evidence supports interconnected development of these
microbiomes. Bacterial species which first appear in the intestine are subsequently
detected in the respiratory tract, potentially due to micro-aspiration of gut microbiota
as a route of colonization of airway microbiota [18]. Differences in airway microbiota
are also noted in those with asthma compared to healthy individuals [20,21]. It follows
that since fecal slgA is an important marker for early gut microbial composition and
mucosal immune system development, it may be an important biomarker for later

development of asthma.

This study explores whether infants with low fecal slgA in the first few months of
life have increased odds for asthma/wheeze (AW) compared to those with normal-high
levels, controlling for the relationships between breastfeeding status, delivery mode,
antibiotic exposure, gravidity, maternal asthma/allergy, maternal depression, smoke

exposure, sex, age, and maternal obesity on fecal slgA and AW.
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2.3 Methods
2.3.1 Study Population

This study was based on a sub-sample of the Canadian Healthy Infant
Longitudinal Development (CHILD) study data [16,22]. The subsample includes 1,071
infants with available fecal sIgA at 3 (range 2.2 - 5.5) months from the Edmonton,
Winnipeg and Vancouver sites of the CHILD birth cohort (www.childstudy.ca). Pregnant
mothers were recruited, screened and enrolled with written consent from 2008 to
2012. Standardized questionnaires and lab tests were obtained previously by other
CHILD investigators. This study was approved by the Ethics Committee of the
University of Alberta, the University of Manitoba Human Research Ethics Board and the
University of British Columbia/Children’s and Women’s Health Centre of British

Columbia Research Ethics Board.

2.3.2 Outcomes
2.3.2.1 Physician-diagnosed Child Asthma

Childhood asthma was assessed using maternal-report of physician-diagnosed
asthma during each of the questionnaires. The item was assessed as a yes/no question
with no sub-questions. Since previously established asthma trajectories show transient
early, prolonged early, intermediate early (atopic), late (atopic) and persistent; we
created our asthma variables to account for the large shift in probability of wheezing
between asthma phenotypes at different ages [23]. Our study had 2 variables: (1)
physician-diagnosed asthma from the first 3 years of life and (2) physician-diagnosed

asthma from years 4 and 5.

44



2.3.2.2 Unexpected Health-Care Visits for Asthma/Wheeze

Unexpected health-care visits (UVs) for Asthma/Wheeze (AW) were assessed by
maternal-reported questionnaire in three questions: (1) unscheduled doctor visits, (2)
Emergency Department (ED) visits and (3) hospital stays/admissions. Sub-questions for
the reason of visit included: bad cold, fever, rash, wheezing episode, ear infection,
allergy, asthma attack, chest infection, accident, coughing episode, other illness(es).
UVs were considered visits for AW if the visits were for a wheezing episode and/or
asthma attack and/or coughing episode. This variable was split into the two age-
groups as with the physician-diagnosed asthma variable. These two variables included:
(1) unexpected healthcare utilization for AW in the first 3 years of life and (2)

unexpected healthcare utilization for AW in the 4" and 5% years of life.

2.3.2.3 Infant Atopic/Non-Atopic AW

Atopic and non-atopic AW were determined by combining atopic status (IgE
skin-prick test sensitization to food or inhalant allergens; yes/no variable) from clinical
assessments at 1 and 3 years with AW status (physician-diagnosed asthma and/or
unexpected healthcare utilizations for AW). Six binomial variables were used to
determine the differences between atopic and non-atopic AW: (1) Atopic AW vs non-
atopic AW (no) from ages 1-3 using atopic status at 1 year, (2) atopic AW (yes) vs no
AW from ages 1-3 using atopic status at 1 year, (3) non-atopic AW vs no AW from ages
1-3 using atopic status at 1 year, (4) atopic AW vs non-atopic AW from ages 4-5 using
atopic status at 3 years of age, (5) atopic AW vs no AW from ages 4-5 using atopic status
at 3 years and (6) non-atopic AW vs no AW from ages 4-5 using atopic status at 3 years.
We created these groups to restrict the regression analysis to binomial outcomes

which are easier to interpret compared to multinomial logistic regression models.
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2.3.3 Exposures
2.3.3.1 Stool collection and storage

Infant stool was collected during the 3-month CHILD study visits as previously
documented [24]. Stool samples of 5-10 g were aseptically collected from freshly
soiled diapers, divided into aliquots and stored at -80°C using aseptic technique.
Freezing and freeze-thaw cycles on slgA levels show minimal impact on quantification

of slgA levels [25,26].

2.3.3.2 Extraction and analysis of sigA

The slgA ELISA (enzyme-linked immunosorbent assay) kit from
Immundiagnostik was used to measure the amounts of fecal slgA in mg per gram of
wet feces, as per Urwin et al., (2014) [27]. Post thaw, sIgA was extracted from stool with
the extraction buffer and diluted 1:125 in wash buffer. Diluted samples, controls and
100 pL standards were aliquoted into a microtiter plate, washed and incubated at 15-
30°C for 60 minutes. After incubation, wells were aspirated and washed with wash
buffer two times before being tapped dry. 100 pL of the conjugated anti-slgA antibody
is added and samples are again incubated at 15 to 30°C for overnight on a shaker.
After the final washing and aspiration, 3,3",5,5-Tetramethylbenzidine (TMB) substrate
is added and incubated in a dark room for 15 minutes at 15 to 30°C. Absorption is
determined with an ELISA reader at 450 nm against 620 nm as the reference. Results
were multiplied by the dilution factor and a standard curve was created based on kit-
included controls to determine concentrations of slgA in each sample.

The 3-month stool samples were collected at 3.7 months (2.2-8 months). Of
1,071 infants, 120 (11%) had stool collected at > 5.5 months. Fecal slgA levels by
breastfeeding status are plotted over time in Appendix B, Figure B1. The data beyond

5.5 months was excluded from the final analysis. Solid food introduction and the
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ontogeny of infant slgA production were reasons for restriction [28,29]. Breastfeeding
status, known to be highly associated with fecal slgA (and as confirmed in Appendix B,
Figure B2), was treated as an exposure variable as follows to determine the differential
and combined associations between maternal slgA supplementation via breastmilk
and infant sIgA production [11]. 1) exclusive and mixed breastfeed infants with any
fecal slgA levels, 2) formula fed infants with normal to high fecal sIgA levels, 3) formula

fed infants with low fecal sIgA levels. The groups were mutually exclusive.

2.3.3.3 Potential covariates

Covariates obtained from the CHILD cohort questionnaires: maternal
depression trajectories, infant age at stool collection, breastfeeding status at stool
collection, tobacco smoke exposure, antibiotic exposure (mothers and infants),
delivery mode, gravidity, number of children and pets at home, pregnancy overweight,
and maternal allergy and/or asthma. These variables were created from data obtained

from CHILD cohort questions.

2.3.4 Statistical Analyses
2.3.4.1 Descriptive Statistics

All infants with a fecal sample from 2-5.5 months of infant age were selected for
inclusion. Tables 2.1-3 and in Appendix B (Table B2) describes the frequencies and
row-percentages of demographic factors in relation to the slgA and childhood AW.
Pearson Chi x? or Fisher's exact tests were run to determine the crude associations
between demographic variables and fecal slgA levels and the crude associations
between demographic variables and child AW. Pearson Chi x? or Fisher's exact tests

were also run to see if the study population varied significantly from the initial CHILD
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sample population (Appendix B; Tables B1). A p-value of < 0.05 was considered

statistically significant.

2.3.4.2 Study Analysis

slgA concentrations are not normally distributed, so non-parametric tests
(Mann-Whitney U) were used to detect differences in slgA median levels according to
the AW status of the infant. The lowest tertile (0.01-3.99 mg/g feces) compared to the
top two tertiles (4.01-60 mg/g feces) was used as low fecal sIgA (yes/no) combined
with breastfeeding status to account for the effects of maternal sIgA provided through
breastmilk. Logistic regression models used a three-way categorical variable: (1)
exclusive and mixed breastfed infants with any fecal sIgA levels (0.04-60.0 mg/g feces),
2) formula fed infants with normal to high fecal sIgA levels (4.07-28.4 mg/g feces), 3)
formula fed infants with low fecal slgA levels (0.01-3.93 mg/g feces). The interaction
between fecal sIgA levels and breastfeeding was significant (Appendix B, Table B3-
B4).

Logistic regression was used to determine the crude and adjusted association
between slgA exposure and child AW. Our analyses followed Shrier and Platt's seminal
article explaining creation of Directed Acyclic Graphs (DAGs) and use for
epidemiological studies, and DAGs were created using dagitty.com [27]. DAGs are first
built to select a minimum adjustment set of covariates to control for biasing pathways
and avoid over-adjustment. The final model adjusted for: breastfeeding status,
maternal depression trajectories, multigravida, maternal overweight or obesity during
pregnancy, newborn antibiotics, prenatal smoke exposure, stratified by age of
outcome (Figure 2.1). No significant interactions besides fecal slgA and breastfeeding
were found. Statistical analyses were conducted using STAT v16.0, figures were

generated in GraphPad Prism 8.
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Figure 2.1. Directed Acyclic Graph (DAG) for the association between fecal sigA
and childhood wheeze/asthma was built using dagitty.com. The same DAG was
used for atopic AW. Arrows between factors indicate known, consistent
associations. Factors in white were adjusted for following DAG rules to determine
the total effect of fecal slgA on childhood wheeze/asthma. Green lines represent
causal paths, and red lines represent biasing paths. Red circles represent
ancestors of the exposure and outcome (ie, confounders), blue circles represent
ancestors of the outcome, and grey circles represent unobserved variables. The
minimally sufficient adjustment set represents covariates such that the
adjustment for this set of variables will minimize confounding bias when
estimating the association between the exposure and the outcome. The final
minimally sufficient adjustment set comprised breastfeeding status, maternal
depression trajectories, multigravida, maternal overweight or obesity during
pregnancy, newborn antibiotics, prenatal smoke exposure, stratified by age of

outcome.
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2.4 Results
2.4.1 CHILD Cohort Sub-sample Characteristics

The 1,071 sub-sample of CHILD infants from Edmonton, Vancouver and
Winnipeg with fecal slgA data did not differ significantly for the majority of potential
covariates in comparison to all infants in all CHILD participants (Appendix; Table B1).
Breastfeeding at time of sample collection and pre- and post-natal smoke exposure
were slightly higher in the entire CHILD cohort compared to the Edmonton sub-

sample.

2.4.2 Study Population and Child AW

In our study, 7% had maternal-reported physician diagnosed asthma and 30%
had UVs for AW from ages 1-3. In years 4-5, 9% infants had physician diagnosed asthma
and 14% had an UVs for AW. 3.2% had atopic AW from ages 1-3, increasing to 4% from
ages 4-5.

Tables 2.1, 2.2 and Appendix Table B2 report the population characteristics
distribution according to all the outcomes. Asthma at 1-3 years was significantly more
prevalent in those who were born by caesarean section (p=0.017) and those exposed
to maternal depression (p<0.001) (Table 2.1). UVs for AW at ages 1-3 were more
common in infants who were formula fed (p=0.045), were born by caesarean
(p=0.036), had exposure pre/postnatal depression (p=0.034), or had post-natal smoke
exposure (p=0.005) (Table 2.2).

Considering those with physician-diagnoses of asthma from ages 4-5, being
born by caesarean (p<0.001), having a mother who had asthma or allergies (p=0.035)
during pregnancy, or had pre/post-natal depression (p<0.001) was significantly more
common (Table 2.1). Unexpected health care utilization for AW (ages 4-5) was more in

those with maternal pre/postnatal depression (p=0.030), or prenatal smoke exposure
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(p=0.005) (Table 2.2). There were similar significant differences between those with
atopic AW and non-atopic AW compared to those without in either age groups

(Appendix B; Table B2).

2.4.3 Study Population and Infant Fecal sigA

In our cohort, 33% of infants were in the lowest tertile of fecal slgA (0.01-3.99
mg/gfeces) and 67% were in the two highest tertiles of fecal slgA (4.01-60 mg/gfeces).
Table 2.1 reports the distribution of population characteristics according to the lowest
tertile of fecal slgA. Differences were observed for breastfeeding status (p<0.001), furry
pets in the home (p=0.007), maternal obesity (p<0.001), prenatal smoke exposure

(p=0.004) and maternal depression (p=0.001) (Table 2.1).

Table 2.1. Distribution of low fecal slgA and physician diagnoses of asthma
according to demographic and epidemiological factors (n=1071)

Lowest ChiX2"™" Physician ChiX?"* Physician ChiX?"

tertile sigA Diagnoses Diagnoses
(% yes) of Asthma of Asthma
n=314/951 from 1-3 from 4-5
Years Years
n=52/800 n=49/486
Co-Variates Row % (N) p-value Row % (N) p-value Row % (N) p-value
(X2 (X2 (X2
exact) exact) exact)
Sex Male 32.06(160) 0.406 6.19(34) 0.061 9.70(26) 0.663
Female 34.62(152) 3.66(18) 8.61(23)
Mode of Delivery Vaginal 32.15(227) 0.165 3.92(31) 0.017 7.06(29)<0.001
Elective 31.52(29) 8.91(9) 22.22 (12)
Cesarean
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Lowest ChiX2"" Physician ChiX?"* Physician ChiX?"

tertile sigA Diagnoses Diagnoses

(% yes) of Asthma of Asthma

n=314/951 from 1-3 from 4-5

Years Years

n=52/800 n=49/486

Emergency 40.29 (56) 8.11(12) 11.43 (8)

Cesarean

Breastfeeding Status Exclusive 14.29(58)<0.001 7.31(19) 0.102 12.21(16) 0.259

Partial 31.48 (96) 5.11(18) 10.06 (18)
None 68.33(164) 3.61(15) 6.67 (15)
Infant Antibiotics No 34.09(284) 0.701 4.94(46) 1.00 9.39(45) 1.00
Yes 31.67(19) 4.84 (3) 7.41(2)
Depression None 31.4(254)<0.001 3.88(34)<0.001 7.59(36)<0.001
Antenatal 50.88 (29) 9.68 (6) 27.27 (6)
Persistent 33.80(24) 10.26 (8) 14.71 (5)
Postnatal 61.90(13) 17.39 (4) 40.0(2)
Furry Pets in the No 37.84(165) 0.007 5.76(27) 0.306 10.79(26) 0.263
Home
Yes 29.5(149) 4.36 (24) 7.96(23)
Smoke Exposure No 31.7(272) 0.004 4.72(44) 0.060 8.67(43) 0.057
(Prenatal)
Yes 47.56(39) 9.41 (8) 18.75 (6)
Smoke Exposure No 31.96(249) 0.053 4.72(40) 0.395 9.05(41) 0.734
(Postnatal)
Yes 39.76(66) 6.25(11) 10.26 (8)
Multigravida No 34.44(125) 0.597 5.24(20) 0.786 11.48(24) 0.136
Yes 32.77 (195) 4.86(32) 7.67 (25)
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Lowest ChiX2"" Physician ChiX?"* Physician ChiX?"

tertile sigA Diagnoses
(% yes) of Asthma
n=314/951 from 1-3
Years
n=52/800
Maternal Normal 28.24(148)<0.001 5.34(31)
Overweight/Obesity
(During Pregnancy) Obese  33.17 (69) 6.19 (14)
Overweight 45.58 (103) 2.98(7)
Maternal No 32.87(118) 0.941 4.19(16)
Allergy/Asthma
During Pregnancy Yes 33.1(192) 5.67 (36)
Maternal Age No 36.48(174) 0.033 7.65(30)
(Greater than
Median) Yes 29.93(138) 5.39(22)

Diagnoses

of Asthma
from 4-5

Years
n=49/486
0.241 10.43(34)
5.04 (6)

10.0(9)

0.299 5.91(12)
11.38(37)
0.195 10.89(27)

7.67 (22)

0.209

0.035

0.198

**Chi(X?) comparison used to investigate whether distributions of categorical variables

differ from one another. Fisher's exact test was used when expected frequencies were

<5 in >20% of cells. Bold indicates a significant difference between the two

populations
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Table 2.2. Distribution of low fecal slgA and unexpected healthcare utilizations

for AW according to demographic and epidemiological factors (n=1071)

Co-Variates

Sex Male

Female

Mode of Delivery Vaginal

Elective
Cesarean

Emergency
Cesarean

Breastfeeding Status None

Partial
Exclusive

Infant Antibiotics No

Yes

Depression None

Antenatal
Persistent

Postnatal

Lowest Chix?*

tertile sigA

(% yes)

n=314/951

Row % (N) p-value
(X2
exact)

32.06 (160) 0.406

34.62 (152)

32.15(227) 0.165

31.52(29)

40.29 (56)

68.33 (164) <0.001

31.48 (96)
14.29 (58)

34.09 (284) 0.701

31.67(19)

31.4 (254) <0.001

50.88 (29)
33.80 (24)

61.90(13)
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UV for AW ChiX2** UV for AW ChiX2**

from 1-3
Years
n=193/654

Row % (N) p-value

31.79 (110)

26.95 (83)

27.91(139)

44.07 (26)

28.87 (28)

35.71(55)

31.01(72)

24.63 (66)

28.45 (167)

35.14(13)

27.64 (157)

45.19(14)

37.5(18)

57.14 (4)

(X2
exact)

0.175

0.036

0.045

0.384

0.034

from 4-5
Years
n=79/572

Row % (N) p-value
(X2
exact)

14.53(42) 0.613

13.07 (37)

12.42(55) 0.200

18.87 (10)

18.42 (14)

17.04(23) 0.434

13.47 (26)
12.30(30)

13.84(71) 0.551

17.86(5)

12.87 (65) 0.048

17.39 (4)
18.42 (7)

50.0(3)



Furry Pets in the
Home

Smoke Exposure
(Prenatal)

Smoke Exposure
(Postnatal)

Multigravida

Maternal

Overweight/Obesity
(During Pregnancy)

Maternal
Allergy/Asthma
During Pregnancy

Maternal Age
(Greater than
Median)

No

Yes

No

Yes

No

Yes

No

Yes

Normal
Obese
Overweight
No

Yes

No

Yes

Lowest
tertile sigA
(% yes)
n=314/951

37.84(165) 0.007

29.5(149)

31.7(272) 0.004

47.56 (39)

31.96(249) 0.053

39.76 (66)

34.44 (125) 0.597

32.77 (195)

28.24 (148) <0.001
33.17 (69)

45.58 (103)

32.87(118) 0.941

33.1(192)

0.033

36.48 (174)

29.93(138)

UV for AW ChiX2** UV for AW ChiX2**

from 1-3
Years
n=193/654
27.24 (82)

31.01(107)

28.83 (175)

37.5(15)

27.24 (152)

41.76 (38)

31.52(81)

28.21(112)

27.62(108)

27.81(42)

38.39 (43)

26.64 (65)

31.02 (125)

31.78 (102)

27.33 (91)

from 4-5

Years

n=79/572

0.293 16.60 (43)

11.73 (36)

0.244

30.30(10)

0.005 14.02(68)

13.25(11)

0.365 12.62(27)

14.53 (52)

0.077 13.91(48)
10.77 (14)
17.53 (343)
0.236 10.65(23)
15.76 (55)

0.212 13.26(35)

14.29 (44)

0.095

12.78 (68) 0.005

0.852

0.522

0.343

0.087

0.722

**Chi(X?) comparison used to investigate whether distributions of categorical variables

differ from one another. Fisher's exact test was used when expected frequencies were

<5 in >20% of cells. Bold indicates a significant difference between the two

populations
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2.4.3.1 Comparison of slgA Levels and AW

Due to the skewed nature of the sIgA data, to compare median fecal sIgA levels
between AW groups, non-parametric tests (Mann-Whitney U). Infant sIgA levels were
only significantly lower in those infants who had UVs for AW in the first 3 years of life
(p<0.001), non-atopic AW ages 1-3 (p<0.001), and infants with atopic AW (p=0.04)
compared to those without AW from ages 1-3 (Figure 2.2). AW groups from ages 4-5
did not have significantly different levels of sIgA in stool (Appendix B; Figure B1).

Median slgA levels were 0.96 mg/g feces lower for those with a physician
diagnoses of asthma compared to those who did not in the first 3 years of life. Children
ages 1-3 years who had an UVs for AW had median sIgA levels 2 mg/gfeces lower,
those with atopic AW had 2.4 mg/gfeces lower and those with non-atopic AW had 2.3
mg/gfeces lower than those without AW. No other significant differences between

median levels of sigA were found (Appendix B, Figure B3).
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Figure 2.2. slgA levels among AW groups from ages 1-3. UVs for AW, atopic AW
and non-atopic AW had significantly lower fecal sigA levels compared to the
reference group of those without AW. P-values indicate significant differences

between groups based on Mann-Whitney U tests.

2.4.4 Breastfeeding Status and slgA Levels in Stool

Breastfeeding had a significant relationship to fecal sIgA levels. Low fecal slgA
levels were found in 68% of infants who were not breastfed, 31% of infants who were
partially breastfed and 14% of infants who were exclusively breastfed (p<0.001) (Table
2.1). Fecal slgA levels are highly associated with breastfeeding status (Appendix B;

Figure B2). As such, we treated the exposure variable as follows to determine the
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differential and combined associations between maternal slgA supplementation via
breastmilk and infant slgA production [11]. We then created a three-way variable as
follows (Figure 2.3): (1) Reference group: breastfed (mixed or exclusive) and any fecal
slgA level, (2) formula-fed, top two tertiles (normal-high) fecal slgA, (3) formula-fed,

lowest tertile (low) fecal sIgA.
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Figure 2.3. Fecal slgA levels and breastfeeding status. (1) Breastfed, any fecal
slgA level (median: 8.00 mg/gfeces, SD: 9.89). (2) Formula-fed, top two tertiles
of fecal sigA (median: 6.01 mg/gfeces, SD: 4.25). (3) Formula-fed, lowest tertile
of fecal sigA (median: 1.86 mg/gfeces, SD: 1.03). P-values indicate significant

differences between groups based on Kruskal-Wallis Test.
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2.4.5 Simple and multiple logistic regression analyses
2.4.5.1 Fecal slgA and Asthma and UVs for AW in the First Three Years of Life

Low fecal slgA was associated with an increased odds for a physician diagnoses
of asthma and UVs for AW in formula fed infants. The crude OR for asthma at 1-3 years
or age when formula-fed with low fecal-slgA was 2.40 (95% Cl: 1.23, 4.66; Table 2.3),
which means that with this exposure, when compared to breastfed infants with any
levels of slgA, the likelihood of physician diagnosed asthma in the first 3 years of life is
2.40 times greater than when infants are breastfed. In comparison, those who were
formula-fed with normal to high fecal slgA did not have significantly increased odds for
asthma when compared to breastfed infants (OR: 1.43; 95% Cl: 0.45, 4.55) (Table 2.3).
When assessing odds of having an UV for AW in the first 3 years of life, formula-fed,
low-fecal sIgA infants had significantly increased odds (OR: 1.64; 95% Cl: 1.03, 2.61)
(Table 2.4).

The final, adjusted regression model for asthma diagnoses in the first 3 years of
life showed a 2.13 times (95% Cl: 1.03, 4.43) increase in the odds have having an
asthma diagnosis with the exposure of formula-feeding and low sIgA (Table 2.3). The
final regression model for having an UVs for AW in the first 3 years of life had marginal
significance (OR: 1.39; 95% ClI: 0.84, 2.31), when compared to infants who were
breastfed and had any level of fecal slgA (Table 2.4). All final models adjusted for
maternal depression trajectories, multigravida, maternal overweight or obesity during

pregnancy, newborn antibiotics, prenatal smoke exposure.
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2.4.5.2 Fecal slgA and Asthma and UVs for AW in the Fourth and Fifth Years of
Life

The same exposures were used to determine the odds of asthma diagnoses in
the 4% and 5™ years of life. The crude OR for odds of asthma diagnosis in ages 4-5
when formula-fed and with low fecal sIgA was 1.61 (95% CI: 0.78, 3.44) compared to
those breastfed with any fecal sIgA level (Table 2.5). Formula-fed infants with normal
to high fecal sIgA also did not have significantly increased odds for asthma diagnosis
from ages 4-5 when compared to breastfed infants (OR: 1.15; 95% CI 0.39, 3.44) (Table
2.5). Adjusted odds ratios were also not significant.

The crude associations for formula fed infants with normal-high or low fecal slgA
on UVs for AW in the 4t and 5% years of life were also not significant. For those infants
who were formula-fed and had low slgA, there was a non-significant increase in odds
for AW (OR: 1.23; 95% Cl: 0.67, 2.38) compared to breastfed infants with any slgA
levels. In the same model, those who were formula-fed with normal to high levels of
slgA also had a non-significant increase in the odds of AW when compared to
breastfed infants with any level of sigA (OR: 1.25; 95% CI: 0.53, 2.95) (Table 2.6).

The finals models contained adjustment for covariates as in the models for ages
1-3 years above. Diagnosis of asthma in infants 4-5 years of age using adjusted models
had no significant ORs for formula-fed, low slgA (OR: 1.34; 95% CI: 0.58, 3.08) and
formula-fed, normal to high sIgA (OR: 1.31; 95% Cl: 0.41, 4.17) when compared to the
reference group of breastfed infants, any level of sigA (Table 2.5). The final regression
model for having an UVs for AW in the 4t through 5% years of life had no significance
in relation to formula-fed, low fecal slgA (OR: 1.09; 95% CI: 0.53, 2.23) when compared
to infants who were breastfed with any fecal sIgA level (Table 2.6). Summary forest plot
of adjusted ORs for formula fed, low fecal slgA compared to breastfed infants is in

figure 2.4.
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Formula Fed, Low Fecal slgA and Adjusted ORs of AW Outcomes
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Figure 2.4. Forest plot of adjusted ORs for various AW outcomes (Tables 2.3-10)
when formula fed with low fecal sigA when compared to breastfed infants,
adjusting for maternal depression (CESD Trajectories), multigravida, prenatal

smoking, maternal weight during pregnancy, infant antibiotics.

2.4.5.3 Fecal slgA and Atopic AW

In contrast to previous associations, normal-high fecal slgA while formula fed
was associated with increased odds of atopic AW compared to breastfed infants.
Atopic sensitization (positive skin prick test) was used to determine the difference
between atopic AW and non-atopic AW at 1-3 and 4-5 years of age.

Atopic and non-atopic AW were compared those without AW in separate
models. In the following models, when infants were formula fed and had low fecal sIgA,
they had marginally significantly increased odds (p=0.054) for non-atopic AW at age
1-3 years, compared to breastfed infants in crude models (OR: 1.63; 95% CI: 0.98,2.71)

(Table 2.8). This suggests that with the exposure of formula feeding and low fecal slgA,
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the likelihood of the infant having non-atopic AW in the first 3 years of life was 1.63
times greater than breastfed infants.

A different association was seen in atopic AW. Infants who were formula-fed and
had normal to high fecal slgA levels were at increased odds for atopic AW from ages
1-3 in the crude associations (OR: 2.89; 95% ClI: 1.01, 8.30), when compared to
breastfed infants. In the final adjusted models, the association was strengthened (OR:
5.45; 95% ClI: 1.69, 17.31) (Table 2.7). In the older age group (ages 4-5), the

associations were insignificant but in the same direction (Table 2.9-10; Figure 2.5).

Formula Fed, Normal to High Fecal sigA and Adjusted ORs of AW Outcomes

Asthma Diagnoses at 1-3 Years=] l——o—l
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AW at 1-3 Years = i-——i
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Figure 2.5. Forest plot of adjusted ORs for various AW outcomes (Tables 2.3-10)
when formula fed with normal to high fecal sigA when compared to breastfed
infants, adjusting for maternal depression (CESD Trajectories), multigravida,

prenatal smoking, maternal weight during pregnancy, infant antibiotics
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Table 2.3. Likelihood (OR, 95% CI) of Child Asthma Diagnoses (1-3 Years Old) by
Breastfeeding Status and Fecal slgA Levels

Asthma Diagnoses at 1-3  Asthma Diagnoses at 1-3 Years
Years Crude OR (95% Cl) Adjusted OR (95% CI) (n=684)*

BF * Fecal slgA (2-5.5 months) (Ref: Breastfed, any fecal sigA

level)
Formula-fed, Normal-High Fecal sigA 1.29(0.44, 3.79) 1.43(0.45, 4.55)
Formula-fed, Low Fecal sigA 2.40 (1.23, 4.66) 2.13(1.03,4.43)
CESD Trajectories
Antepartum (high levels during pregnancy) or Persistent (high 4.24 (1.97,9.15) 5.29 (2.24, 12.05)
levels throughout pregnancy and postpartum up to 2yrs of infant
age)
Postpartum (high levels postpartum) 2.94 (1.29, 6.68) 2.75(1.13, 6.66)
Multigravida 0.99(0.56, 1.77) 1.17(0.62, 2.25)
Prenatal Smoke Exposure 3.09 (1.36, 6.98) 2.37 (1.13, 6.66)

Maternal Overweight/Obesity (During Pregnancy)

Overweight 1.28(0.66, 2.47) 1.15(0.70, 2.98)
Obesity 0.71(0.31, 1.65) 0.45(0.18,1.17)
Infant Antibiotics 1.10(0.33, 3.70) 0.81(0.23, 2.90)

*Adjusted for maternal depression (CESD Trajectories), multigravida, prenatal smoking,
maternal weight during pregnancy, infant antibiotics. Bold indicates statistical significance
p<0.05
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Table 2.4. Likelihood (OR, 95% CIl) of an UV for AW (1-3 Years Old) by
Breastfeeding Status and Fecal slgA Levels

AW at 1-3 Years AW at 1-3 Years Adjusted
Crude OR(95% Cl) OR(95% CI) (n=608)*

BF * Fecal slgA (2-5.5 months) (Ref: Breastfed, any fecal slgA level)

Formula-fed, Normal-High Fecal sigA
Formula-fed, Low Fecal slgA
CESD Trajectories

Antepartum (high levels during pregnancy) or Persistent (high levels
throughout pregnancy and postpartum up to 2yrs of infant age)

Postpartum (high levels postpartum)
Multigravida
Prenatal Smoke Exposure
Maternal Overweight/Obesity (During Pregnancy)
Overweight
Obesity

Infant Antibiotics

1.47 (0.79, 2.76)
1.64(1.03, 2.61)

2.36 (1.21,4.57)

1.57(0.85, 2.90)
0.85(0.61, 1.20)
1.48(0.76, 2.88)

1.00 (0.66, 1.54)
1.63 (1.05, 2.54)
1.36(0.68, 2.74)

1.48(0.74,2.97)
1.39(0.84, 2.31)

2.00(0.98, 4.08)

1.35(0.69, 2.68)
0.78(0.53, 1.13)
1.33(0.64, 2.76)

1.00(0.63, 1.60)
1.42(0.87, 2.30)
1.28(0.62, 2.67)

*Adjusted for maternal depression (CESD Trajectories), multigravida, prenatal smoking,
maternal weight during pregnancy, infant antibiotics. Bold indicates statistical significance

p<0.05
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Table 2.5. Likelihood (OR, 95% CI) of Child Asthma Diagnoses (4-5 Years Old) by
Breastfeeding Status and Fecal slgA Levels

Asthma Diagnoses at4-5  Asthma Diagnoses at 4-5 Years
Years Crude OR (95% Cl) Adjusted OR (95% CI) (n=453)*

BF * Fecal slgA (2-5.5 months) (Ref: Breastfed, any fecal sigA
level)

Formula-fed, Normal-High Fecal sigA
Formula-fed, Low Fecal sigA
CESD Trajectories

Antepartum (high levels during pregnancy) or Persistent (high
levels throughout pregnancy and postpartum up to 2yrs of infant

1.15(0.39, 3.44)
1.61(0.78, 3.44)

5.12(2.10, 12.51)

1.31(0.41, 4.17)
1.34(0.58, 3.08)

5.78 (2.21, 15.13)

age)

Postpartum (high levels postpartum) 2.10(0.77,5.75) 2.57(0.88, 7.54)
Multigravida 0.64(0.36, 1.15) 0.61(0.32,1.17)
Prenatal Smoke Exposure 2.43(0.95, 6.23) 1.63(0.54, 4.94)

Maternal Overweight/Obesity (During Pregnancy)
Overweight 0.46(0.19, 1.12) 0.58(0.23, 1.48)
Obesity 0.95(0.44, 2.07) 0.82(0.35, 1.95)
Infant Antibiotics 0.77(0.18, 3.36) 0.62(0.13, 2.92)

*Adjusted for maternal depression (CESD Trajectories), multigravida, prenatal smoking,
maternal weight during pregnancy, infant antibiotics. Bold indicates statistical significance

p<0.05
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Table 2.6. Likelihood (OR, 95% CI) of an UV for AW (4-5 Years Old) by Breastfeeding
Status and Fecal slgA Levels

AW at 4-5 Years AW at 4-5 Years Adjusted
Crude OR(95% Cl) OR(95% CI) (n=486)*

BF * Fecal slgA (2-5.5 months) (Ref: Breastfed, any fecal slgA level)

Formula-fed, Normal-High Fecal sigA 1.25(0.53, 2.95) 1.19(0.45, 3.15)
Formula-fed, Low Fecal sigA 1.23(0.64, 2.38) 1.09(0.53, 2.23)

CESD Trajectories
Antepartum (high levels during pregnancy) or Persistent (high levels 2.15(0.88, 5.24) 1.92(0.74, 4.94)

throughout pregnancy and postpartum up to 2yrs of infant age)

Postpartum (high levels postpartum) 1.53(0.65, 3.61) 0.76(0.24, 2.40)
Multigravida 1.18(0.71, 1.94) 1.18(0.69, 2.03)
Prenatal Smoke Exposure 2.97 (1.35, 6.50) 2.84(1.18, 6.84)

Maternal Overweight/Obesity (During Pregnancy)

Overweight 0.75(0.40, 1.41) 0.48 (0.23, 1.04)
Obesity 1.31(0.72,2.41) 1.01(0.52, 1.98)
Infant Antibiotics 1.35(0.50, 3.68) 1.03(0.34, 3.17)

*Adjusted for maternal depression (CESD Trajectories), multigravida, prenatal smoking,
maternal weight during pregnancy, infant antibiotics. Bold indicates statistical significance
p<0.05
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Table 2.7. Likelihood (OR, 95% CIl) of Atopic AW vs. No AW (1-3 Years Old) by
Breastfeeding Status and Fecal slgA Levels

Atopic AW at 1-3 Years Atopic AW at 1-3 Years
Crude OR (95% ClI) Adjusted OR (95% CI)
(n=378)*

BF * Fecal slgA (2-5.5 months) (Ref: Breastfed, any fecal slgA level)

Formula-fed, Normal-High Fecal sigA
Formula-fed, Low Fecal sigA
CESD Trajectories

Antepartum (high levels during pregnancy) or Persistent (high levels
throughout pregnancy and postpartum up to 2yrs of infant age)

Postpartum (high levels postpartum)
Multigravida
Prenatal Smoke Exposure
Maternal Overweight/Obesity (During Pregnancy)
Overweight
Obesity

Infant Antibiotics

2.89(1.01, 8.30)
0.58(0.13, 2.49)

2.72(0.75, 9.89)

1.30(0.29, 5.81)
0.63(0.29, 1.39)
1.46(0.33, 6.56)

1.14(0.46, 2.86)
0.77 (0.22, 2.73)
1.42(0.60, 3.43)

5.45 (1.69,17.31)

0.67 (0.14, 3.12)

3.40(0.78, 14.78)

1.63(0.33, 8.00)
0.49(0.20, 1.20)
1.13(0.19, 6.61)

1.33(0.48, 3.67)
0.79(0.20, 3.18)

Omitted

*Adjusted for maternal depression (CESD Trajectories), multigravida, prenatal smoking,
maternal weight during pregnancy, infant antibiotics. Bold indicates statistical significance

p<0.05
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Table 2.8. Likelihood (OR, 95% CIl) of Non-atopic AW vs. No AW (1-3 Years Old)
by Breastfeeding Status and Fecal sigA Levels

Non-Atopic AW at 1-3 Non-Atopic AW at 1-3 Years
Years Crude OR (95% ClI) Adjusted OR (95% Cl) (n=526)*

BF * Fecal slgA (2-5.5 months) (Ref: Breastfed, any fecal slgA level)

Formula-fed, Normal-High Fecal sigA 1.39(0.69, 2.81) 1.26(0.57,2.79)
Formula-fed, Low Fecal sigA 1.95(1.23, 3.13) 1.63(0.98,2.71)
CESD Trajectories
Antepartum (high levels during pregnancy) or Persistent (high levels 2.03(1.00, 4.07) 1.59(0.75, 3.40)
throughout pregnancy and postpartum up to 2yrs of infant age)

Postpartum (high levels postpartum) 1.83(0.99, 3.39) 1.56(0.79, 3.07)
Multigravida 0.95(0.66, 1.36) 0.90(0.61, 1.34)
Prenatal Smoke Exposure 1.55(0.78, 3.09) 1.32(0.62,2.79)

Maternal Overweight/Obesity (During Pregnancy)
Overweight 1.01(0.65, 1.57) 0.97 (0.60, 1.58)
Obesity 1.64(1.04, 2.06) 1.36(0.81, 2.26)
Infant Antibiotics 1.76 (0.87, 3.54) 1.63(0.78, 3.40)

*Adjusted for maternal depression (CESD Trajectories), multigravida, prenatal smoking,
maternal weight during pregnancy, infant antibiotics. Bold indicates statistical significance

p<0.05
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Table 2.9. Likelihood (OR, 95% CI) of Atopic AW vs. No AW (4-5 Years Old) by
Breastfeeding Status and Fecal slgA Levels

Atopic AW at 4-5 Years Atopic AW at 4-5 Years
Crude OR (95% ClI) Adjusted OR (95% CI)
(n=390)*

BF * Fecal slgA (2-5.5 months) (Ref: Breastfed, any fecal slgA level)

Formula-fed, Normal-High Fecal sigA
Formula-fed, Low Fecal sigA
CESD Trajectories

Antepartum (high levels during pregnancy) or Persistent (high levels
throughout pregnancy and postpartum up to 2yrs of infant age)

Postpartum (high levels postpartum)
Multigravida
Prenatal Smoke Exposure
Maternal Overweight/Obesity (During Pregnancy)
Overweight
Obesity

Infant Antibiotics

1.03(0.23, 4.64)
0.90(0.26, 3.17)

2.19(0.47,10.09)

0.70(0.09, 5.44)
1.38(0.56, 3.44)
2.68(0.74, 9.68)

0.29(0.07, 1.29)
0.65(0.19, 2.70)
0.90(0.12, 7.00)

1.53(0.31, 7.50)
0.70(0.15, 3.29)

2.47(0.47,12.84)

0.69(0.08, 5.83)
1.11(0.41, 2.97)
2.07 (0.39, 10.96)

0.34(0.08, 1.54)
0.42(0.09, 2.00)
0.83(0.10, 6.79)

*Adjusted for maternal depression (CESD Trajectories), multigravida, prenatal smoking,
maternal weight during pregnancy, infant antibiotics. Bold indicates statistical significance

p<0.05
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Table 2.10. Likelihood (OR, 95% ClI) of Non-atopic AW vs. No AW (4-5 Years Old)
by Breastfeeding Status and Fecal sigA Levels

Non-Atopic AW at 4-5 Non-Atopic AW at 4-5 Years
Years Crude OR (95% CI) Adjusted OR (95% Cl) (n=441)*

BF * Fecal slgA (2-5.5 months) (Ref: Breastfed, any fecal slgA level)

Formula-fed, Normal-High Fecal sigA 0.79(0.30, 2.12) 0.70(0.23, 2.16)
Formula-fed, Low Fecal sigA 1.48(0.80, 2.76) 1.36(0.70, 2.64)
CESD Trajectories
Antepartum (high levels during pregnancy) or Persistent (high levels 2.36(0.95,5.87) 2.41(0.92, 6.30)
throughout pregnancy and postpartum up to 2yrs of infant age)

Postpartum (high levels postpartum) 1.30(0.52, 3.26) 0.89(0.29, 2.74)
Multigravida 0.92(0.56, 1.50) 1.01(0.59,1.72)
Prenatal Smoke Exposure 2.07 (0.89, 4.81) 2.14(0.87,5.28)

Maternal Overweight/Obesity (During Pregnancy)
Overweight 1.00(0.55, 1.82) 0.71(0.35, 1.42)
Obesity 1.39(0.74, 2.60) 1.11(0.56, 2.18)
Infant Antibiotics 1.01(0.34, 3.02) 0.66(0.19, 2.31)

*Adjusted for maternal depression (CESD Trajectories), multigravida, prenatal smoking,
maternal weight during pregnancy, infant antibiotics. Bold indicates statistical significance

p<0.05
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2.5 Discussion
In this subsample of 951 healthy term children from a prospective birth cohort,

we found significant associations between total fecal sIgA levels in the first 5.5 months
of life and development of childhood AW. After exposure to lower fecal slgA while
being formula fed, infants were at significantly increased odds for having a physician
diagnoses of asthma (adjusted OR: 2.13; 95% CI: 1.03, 4.43) in the first 3 years of life
compared to breastfed infants. This result is consistent with previous studies citing that
lower IgA in associated with increased risk for preschool age asthma [30]. In
comparison, formula fed infants that had normal-high fecal slgA had significantly
increased odds of having atopic AW (ages 1-3) (adjusted OR: 5.45; 95% ClI: 1.69, 17.31)
compared to breastfed infants. This study is the first to report on fecal secretory IgA
levels in infants in association with physician diagnoses of asthma, UVs for AW and
atopic AW in a large population-based cohort. This is a key area of interest due the
high cost of health-care utilization for AW and potential that early identification may
promote preventive management strategies.

There was a trend for increased odds of all AW when having low fecal slgA while
formula-fed compared to breastfed infants. Formula-fed infants who had low fecal silgA
had increased odds of having a physician diagnoses of asthma, after controlling for
important covariates. Previous reports link IgA in relation to later development of
childhood asthma, and our findings suggest that fecal sIgA levels are related to infant
AW in early life. Early wheeze is a risk factor for later development of asthma, so this is
an important finding [23]. A previous study from the CHILD cohort found that in
comparison to breastfed infants, those who were formula fed had increased odds of
wheezing and this was in a dose-dependent manner, so our findings add an extra level
to understanding why a decrease in breastfeeding is associated with increased risk for

wheezing illness [31].
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As highlighted in previous reports, there are difficulties in the diagnoses of
preschool asthma, and the diagnosis is even less clear when it is an unexpected
healthcare utilization [32]. One reason that fecal slgA may be of value in diagnosis of
asthma or an unexpected health care utilization for AW at an early age, is that IgA levels
are suspected to be more related to “variable” asthma which is mediated by
inflammation than “persistent” asthma caused by remodelling which is more prevalent
in older age groups [31]. Furthermore, slgA is an important factor for prevention of
infection from viruses and various respiratory diseases in early life [32]. As
asthma/wheezing illness in the first few years of life is largely related to respiratory
infections and mucosal slgA has been shown to play a role in prevention of respiratory
infections, one explanation for our associations is that low fecal slgA responses to
microbiota could cause reduced mucosal barrier function and increased susceptibility
to airway viral infections and later development of asthma [5,33]. A previous report by
Dzidic et al., (2018) showed that although total sIgA levels were not related to asthma,
subtle differences in microbe binding to slgA was linked to asthma development [13].
In this study, infants were breastfed at the early time point of stool collection (1 month)
and thus the maternal source of slgA would be relevant. Feeding practices have a large
effect on early life mucosal immune development and the presence of maternal milk
IgA is important for the early development of mucosal immunity that is thought to
protect from later development of asthma [34-37].

We found that normal-high fecal slgA in formula fed infants was associated with
atopic AW compared to breastfed infants. It has been previously reported that higher
fecal IgA is associated with decreased risk for atopic disease. Kukkonen et al., (2010)
showed that high fecal IgA concentration at the age of 6 months associated with
decreased risk for IgE-mediated allergic disease up to 2 years of infant age, and

breastfeeding had no significant confounding effects [12]. This study used a less
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refined measure of total fecal IgA which may include both serum and secretory forms
of IgA when the infant's mucosal barrier is not fully developed, whereas our study
measured sIgA specifically, perhaps explaining our differential results. As well, there
are many reports that show that high levels of mucosal slgA could interfere with the
interaction between allergens and IgE antibodies in sensitized individuals, thereby
preventing allergic inflammation and clinical symptoms [32]. Despite these previous
findings, it is plausible that higher fecal slgA when formula fed may be a marker for
aberrant responses of the infant immune system to microbiota, though normal to high
median levels of fecal slgA in formula fed infants were still lower than in breastfed
infants with any fecal slgA level. In 2019, Gopalakrishna et al., found that infants who
were formula fed had a higher proportion of IgA that was unbound to microbes, which
was associated with an increase in Enterobacteriaceae in the microbiota [38].
Proinflammatory Protebacteria like Enterobacteriaceae have also been shown to be
increased in formula-fed infants compared to breastfed infants and development of a
proper response of sIgA to Proteobacteria aided by passive slgA from mothers may
limit a chronic inflammatory response in infants [34,38,39,40,56]. Proteobacteria have
also shown to induce IgA [41]. As well, in our CHILD cohort, previous research has
shown that Enterobacteriaceae are over-represented in those with development of
subsequent food sensitization [42]. Studies in mice models that manipulated slgA
production and breastfeeding schemes show that maternally-derived slgA has a
strong influence on infant microbiome development that was only magnified when
mice reached adulthood [34]. These findings seem to indicate the importance of
receiving maternally derived slgA when the microbiome is developing. More research
needs to be done to compare formula-fed infants to their breastfed counterparts to
determine how their sigA-mediated immune responses differ in relation to microbiota

composition and future risk for AW.
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As we hypothesized, birth characteristics and the environment appeared to
affect the relationship between fecal slgA levels and AW. We confirmed the
associations between various birth characteristics on slgA levels. Birth mode is highly
associated with antibiotic exposure, and caesarean birth has additional effects on the
microbiome, reducing the diversity and altering the composition in a manner which
may have long-lasting effects on the immune system and IgA production [43]. A direct
link between changes in the gut microbiota due to early-life antibiotic exposure and
the immune response towards allergens has been confirmed by human and murine
studies [44,45]. At the same time, caesarean section is associated with an increased
risk for development of asthma during childhood and hospitalization due to
respiratory syncytial virus infection in infancy [35,46,47]. An inverse association has
been made with breastfeeding and asthma and hospitalizations for asthma [48,49].

Maternal obesity and overweight during pregnancy were also associated with
decreased levels of fecal slgA, possibly mediated through both increased risk for
caesarean section which has greatimpacts on the microbiome and the separate effects
of maternal-infant transmission of an obese microbiome to the infant[50]. Interestingly,
maternal prenatal smoke exposure was more significantly associated with low fecal
slgA than postnatal smoke exposure. Two studies in particular have revealed
significant changes in the gut microbiome as a result of smoking and another identified
lower salivary sIgA in infants from mothers who smokers [51-53]. As well, mothers with
exposure to tobacco smoke pass a significant amount of metabolites to the infant
which may affect perinatal immune system programming and have long term impacts
via maternal-infant fecal-oral transmission of the microbiome during birth [54,55].
Additionally, we found strong associations between maternal depression trajectories
and slgA. Previous studies from our lab, found that infants with higher exposure to

maternal depressive symptoms pre and post-natally had lower fecal slgA levels in the
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first few months of life compared to those who did not [1]. Interestingly, the odds ratio
for the maternal depression trajectories increased in significance in some fully-
adjusted models, suggesting that slgA may mediate the associations between
maternal depression in the pre and postnatal periods and early childhood AW.

These study findings are encouraging for nursing mothers and physicians, in
that the current recommendations regarding breastfeeding appear to support the
development of a healthy infant mucosal immune system, which is associated with
decreased odds for AW and atopic AW in early life compared to formula fed infants.
Additionally, despite this, being formula fed and having low/normal-high fecal slgA
may not be a clinically significant predictor despite its statistical significance. Further
research confirming this relationship is needed to fully understand the influence of
fecal slgA on development of atopic disease.

The CHILD study was designed to evaluate the developmental origins of health
and disease, specifically in relation to allergy and asthma. The prospective cohort
design has a number of strengths and weakness. Due to the prospective nature of this
study, this study can support the temporality of the relationship between infant fecal
slgA and childhood AW and maternal report of asthma is a well validated method
[23,24]. Although this cohort study was able to recruit over 3500 mothers, enough to
conduct various stratification analyses with potential covariates, a limitation of this
study is that stool samples were only available for 1,071 individuals which decreased
our sample size significantly, despite still having adequate power to determine these
associations. We also had limited information regarding environmental triggers, and
our slgA detection kit does not discriminate between slgA free or bound to microbes
which may be important based on the results of Dzidic et al., (2017) [13]. In spite of
these limitations, this is a rigorous cohort study which provides important information

on a potential biomarker for childhood atopic disease development. Future studies on
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infantimmune system development may be beneficial to confirm if fecal slgA levels are
a causative agent in this process or if it is merely a marker for aberrant gut microbiota
composition and/or immune system development. Ultimately, lower fecal slgA while
formula fed is associated with reduced odds for AW in early life (Fig 2.2), whereas
normal-high fecal IgA while formula fed is associated with increased odds for atopic
AW compared to breastfed infants. Clearly, this is a complex topic and there are
differential associations between atopic and non-atopic AW that need to be further

elucidated.
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3.0 Study 2: Serum Immunoglobulin A in Relation to Emergency Department

Visits for Asthma/Wheeze in Childhood

3.1 Abstract

Background. There is a large body of evidence on the association between serum
immunoglobulin A (IgA), asthma, and other atopic diseases. Many previous studies
have shown an association between absence of serum IgA and increased risk for
asthma. Kim et al., (2017) recently showed that in a cohort of adult patients with
suspected asthma, low serum IgA levels were positively related to atopic sensitisation
and airway hyperresponsiveness. In contrast, Possin et al., (2011) showed that serum
IgA levels were increased in those with food sensitization, but not in those with
sensitizations to aeroallergens, despite the IgA levels being normal for their age. In
our study, we determined associations between serum IgA in relationship to

Emergency Department (ED) visits for asthma and/or wheeze (AW) and atopic AW in
childhood.

Objective. The objective of this study is to determine if low serum IgA children is a

useful biomarker for future ED visits for AW.

Methods. Anonymized administrative health data of 9,938 children who had serum
IgA levels assessed when they were <3 years of age between April 1, 2013 and June
30, 2018 was obtained for analysis from Alberta Health Services (AHS) (Alberta,
Canada). Serum IgA levels were quantified using standardized provincial lab tests.
Child ED visits for AW were determined via National Ambulatory Care Reporting
System using ICD-10-CA codes from ages 0-5. Using STATA v16, multiple logistic

regression models determined the association (Odds Ratio, OR) between normal to
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high serum IgA (top two tertiles compared to the lowest tertile) and child ED visits for
AW, atopic AW, non-atopic AW, and atopic asthma and non-atopic asthma adjusting

for covariates identified by directed acyclic graph.

Results. Approximately 11.4% of children had an ED visit for AW until age 3. Median
levels of serum IgA from ages 1-2 years were 0.05g/L higher in those children with an
ED visit for AW until age 3 (p=0.10) than in those without. When compared to infants
with low serum IgA levels, infants with normal-high serum IgA levels (ages 1-2) had an
adjusted OR of having an ED visit for AW of was 1.21 (adjusted 95% ClI: 1.00, 1.46),
controlling for confounding factors. Those with normal-high levels (from 2-3 years) also
had significantly increased odds of atopic AW (adjusted OR: 1.79 (95% CI: 1.03, 3.09)

when compared to those without.

Conclusions. Normal-high levels of serum IgA in the first 3 years of life appear to be
positively associated with ED visits for AW and atopic AW from until age 3. Further
studies are needed to define the relationships between serum IgA and ED visits for AW
and atopic sensitization which may provide new insight into the development of

respiratory disease and atopic illness in childhood.
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3.2 Introduction

Mucosal IgA, also known as secretory IgA (slgA), has a role in prevention of infection
and potentially in development of atopic disease [1-5]. In addition to the conventional
understanding that mucosal antibodies act as neutralizing antibodies to exclude
antigens and pathogens, slgA in the gut also has antigen sampling functions and helps

promote colonization of commensal bacteria in the gut microbiota [6,7].

Despite the emerging and potentially relevant roles of sigA in prevention of asthma,
respiratory infections and atopic disease, the literature on the relationships between
these diseases and levels of serum (i.e. blood) IgA is less clear. One explanation that
serum IgA levels may be less associated with asthma is that they only make up
approximately 7% of the total IgA in the body and only loosely correlate to levels of
slgA, which is the main mediator of mucosal immunity [8,9]. One study in particular
showed this using germ-free mice, revealing that with the lack of microbial stimulation
of slgA, there was an absence of gut sIgA but retention of up to half of the regular

serum IgA levels [10].

Regardless of the functional differences between secretory and serum IgA, serum
IgA has also previously been associated with increased risk for asthma and atopic
sensitization. In 2013, Celani et al. completed a prospective cohort study of individuals
with IgA deficiency, defined as an undetectable serum IgA level (<0.05 g/L), to
determine their future risk of asthma and allergic diseases. Their findings suggest an
increased risk of not only recurrent respiratory infections, but also atopic disease and
asthma, as compared to the general population [4]. Further evidence from another
study revealed that when serum IgA levels were low in infancy, asthma was more
common at age 7 [11]. In contrast, other research has shown that higher serum IgA is

related to an increased risk of atopic sensitization [12]. Clearly further research is
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needed on the development of IgA in early life and future risk for asthma and atopic

disease.

Asthma exacerbations and wheeze are frequent in childhood, can result in visits to
the Emergency Department (ED), and account for a substantial amount of annual
health care expenditures [13]. Pediatric asthma guidelines exist (www.cps.ca,

www.worldallergy.org), but the control of asthma and wheeze in children is often poor

and acute attacks of asthma or wheeze often necessitate visits to the ED. As such, it is
important to study risk factors and potential biomarkers that identify odds of future
asthma development risk, as well as risk for ED visits. To date, none have studied serum

IgA in relation to ED visits for AW in childhood.

The objective of this study is to determine whether children with low serum IgA
in the first few years of life have increased risk for ED visits for AW or atopic asthma
and/or wheeze compared to those with normal to high serum IgA levels at the same
time using a large, population-based administrative health database. This association
is assessed while controlling for failure to thrive (FTT) and sex to attempt to determine

the relationship between serum IgA and ED visits for asthma and wheeze.

3.3 Methods
3.3.1 Data Sources

This study used Alberta Health Services (AHS) anonymized administrative level
health data from Alberta, Canada. Patients who had a serum IgA level assessed when
they were <3 years of age during a period between April 1, 2013 and June 30, 2018
and had adequate follow up time for each of the outcomes were selected for analysis.
Alberta is a province with >4 million residents and a uniform single-payer health

system—the Alberta Health Care Insurance Plan (AHCIP)-that provides medically
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necessary health care. The Government of Alberta is the custodian of all administrative
databases used in our study. The University of Alberta Health Research Ethics Board -
Health Panel approved this study (#Pro00083778) and waived participant consent
since data was aggregated and anonymized to protect patient privacy. The National
Ambulatory Care Reporting System (NARCS) collects information on all ED
presentations and services delivered within acute care institutions in Alberta using the
International Classification of Diseases diagnostic codes (Canadian Version); ICD-10-
CA for April 2002-present. Each unique service contains a unique patient identifier, ED
visit start/end and dates/times, diagnosis, and disposition. Additional health record
level data was extracted from the Alberta provincial lab, National Ambulatory Care
Reporting System (NACRS) (ED visits only) and practitioner claims (PC) (outpatient visits
only). All extracted data sets contained a unifying linking identifier (ULI) which was
coded as an anonymized patient identifier. Provincial lab data included serum IgA and
IgE levels, the date at which the test was done, patient sex and age at the time of the
test, the name of the test, the result of the test and the units of the lab test. NARCS
contained data on dates of ED, ICD-10CA diagnoses codes corresponding to the ED
visit, procedure codes and disposition of the ED visit. The final data set, CLM (Alberta
Health Practitioner Claims) contained physician billing claim data including: date of
physician billing claim, diagnoses corresponding to billing claim and health service

codes which identify services performed by the health care practitioner.

3.3.2 Child AW

A pediatric AW-related visit was defined as an ED encounter that resulted in a
diagnosis of asthma or wheeze (ICD-10 diagnostic codes J45.x [asthma all forms], J209
[acute bronchitis], J218 [acute bronchiolitis] and R062 [wheezing all forms] in the

NARCS two first diagnosis fields). The study population was restricted to individuals
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aged 0 to 5 years and who had adequate follow up time at the study end; this time
varied between outcomes. Children were considered to have had asthma or wheeze if
they were assigned any of these diagnostic codes within the first two principal
diagnoses fields. All ED presentations were assigned a disposition code according to
the manner in which they left the ED, including discharged, left against medical advice
or without being seen, admitted as an inpatient, transferred to another institution, or
death. Only the ED presentations with the dispositions “discharged” were used for this
study to ensure the proper final diagnoses code was assigned for the ED visit.

Asthma trajectories include transient, persistent, atopic and non-atopic
phenotypes, so this project included asthma variables that account for these
trajectories, also taking into account how asthma and wheeze are currently diagnosed
in the ED [12]. Since the diagnoses of asthma in children under the age of 5 is not
straightforward, ED physicians may prefer to use terms to describe symptoms rather
than assigning disease classification, e} we combined the
asthma/bronchiolitis/bronchitis/wheeze as an outcome of AW from ages 1 until then
end of age 3 years and ages 4-5 years. Pediatric atopic AW and atopic asthma was
determined by combining being in the highest tertile level of IgE (>27.2 kU/L) with
AW/asthma to create an atopic AW/asthma dichotomous variable. Pediatric non-atopic
AW/asthma was determined by combining not being in the highest tertile level of IgE
(<=27 kU/L) with AW/ asthma to create an non-atopic AW/asthma dichotomous

variable.

3.3.3 Exposures
3.3.3.1 Extraction and Analysis of IgA
Immunoglobulin measurement was performed as part of routine sample

analysis by laboratories contracted to AHS. The in vitro serum IgA diagnostic kit
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“Reagent Atellica® CH Immunochemistry / Specific Protein Test Immunoglobulin A For
Atellica® CH Analyzer 1600 Tests 2 X 9.3 mL" was used following the kit protocol.
Serum samples were drawn through standard phlebotomy techniques and samples
delivered to the laboratory using standard clinical practice.

Serum IgA changes rapidly during the neonatal period, especially in the 15t year
of life, and reaches stable adult levels around 16 years of age. Scatterplot of serum IgA
levels by age is shown in Appendix C, Figure C1. As such, we stratified our analysis to
serum IgA levels from ages 0to 1, 1 to 2 and 2 to 3 years. In order determine the effect
of serum IgA at each of these age ranges and ED visits for AW, we used the following
variable at each age strata: 1) children with low serum IgA levels (lowest tertile) and 2)
children with normal to high serum IgA levels (top two tertiles). The groups were

mutually exclusive.

3.3.3.2 Definition of Potential Covariates

Covariates investigated in this study were age at serum IgA collection, age at ED
visit for asthma or wheeze, sex, diagnosis of failure to thrive, IgE level and age at IgE
level. Serum was extracted using standard phlebotomy techniques and the diagnostic
kit used in provincial labs for determination of serum IgE levels was “Atellica® IM Total
IgE (tIgE) Assay For Atellica® IM Analyzer 1400 Tests 2 X 9.3 mL". These variables were
created from data obtained from the AHS provincial laboratory data, National
Ambulatory Care Reporting System (NACRS) (ED visits only) and practitioner claims
(PC) (outpatient visits only) and linked together by unique patient identifiers. Sex was
designated by physician reported sex. Immunoglobulin levels E and age at
immunoglobulin level were based on provincial lab data and age at the time of

measurement. Diagnosis of failure to thrive (FTT) was determined using PC data by
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having a diagnosis in the first two health service codes of ICD9-CA code 783.4 [Lack of

expected normal physiological development in childhood].

3.3.3.3 Statistical Analyses

The latest presentation per individual was selected for those with repeated ED
presentations. Table 1 and Appendix C Table C1 describes the frequencies and row-
percentages of each study variable in relation to the outcomes and exposure in this
study. Fisher's exact or Chi y? tests were run to determine if the co-variate sampling
distributions varied significantly between outcome and exposure groups. A p-value of
< 0.05 was considered statistically significant. IgA concentrations were not normally
distributed, so non-parametric tests (Mann-Whitney U) were used to detect differences
in serum IgA medians according to the AW status of the child. Only serum IgA levels
before any ED for AW were used. A logistic regression models used a binomial
categorical exposure of IgA as follows: (1) normal to high serum IgA levels, 2) low
serum IgA levels. The top two tertiles compared the lowest tertile was used as normal-
high serum IgA (yes/no). Prototype analyses for the highest tertile compared to the
lowest two tertiles (high serum IgA (yes/no)) was done (data not shown).

To determine the association between serum IgA and childhood visits to the
emergency department for asthma or wheeze, our analyses followed Shrier and Platt’s
seminal article explaining Directed Acyclic Graphs (DAGs) creation and use for
epidemiological studies. DAGs were created using dagitty.com. DAGs are first build to
select a minimum adjustment set of covariates to control for biasing pathways and
avoid over-adjustment. Final minimally sufficient adjustment set included: Failure to
Thrive, sex, stratified by age at IgA level (0-1, 1-2, and 2-3 years) and age at diagnoses
(until age 3 years, 4-5 years) (Figure 1). Statistical analyses were conducted using STAT

v16.0 and figures were created using Prism v8.
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Serum IgA Asthma/Wheeze

Figure 3.1. Directed Acyclic Graph (DAG) for the association between serum IgA
and childhood ED visits for asthma or wheeze was built using dagitty.com. The
same DAG was used for atopic AW. Green lines represent causal pathways, and
red lines represent biasing paths. The minimally sufficient adjustment set
represents covariates such that the adjustment for this set of variables will
minimize confounding bias when estimating the association between the
exposure and the outcome. The finally minimally sufficient adjustment set
contained age, sex and failure to thrive. Age was taken into account by stratifying

at age of ED visit and age at IgA levels.
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3.4 Results
3.4.1 Study Population and ED Visits for AW

From O to 1 years of life, 2,040 children had a serum IgA level (median age: 0.5
years, median value: 0.23 g/L (SD: 0.38). In the 15t through 2" years of life, there were
4,079 children with a serum IgA level with a median age of 1.5 years and median value
of 0.41 g/L serum IgA (SD: 0.38). In the 2"? through 3™ years of life, there were 3,189
children with a serum IgA level with a median age of 2.5 years and median value of
0.60 g/L serum IgA (SD: 0.46). Appendix C, figure 1 shows the median level of IgA by
age in years in our sample.

11.4% (until age 3 years) and 2.45% (ages 4-5 years) in our sample had ED visit
for AW. 2.14% and 0.52% had atopic AW from ages 1-3 and 4-5, respectively. 3.18%
and 0.37% had non-atopic AW from until age 3 and from age 4-5 years, respectively.
Prevalence of atopic and non-atopic asthma were similar to atopic AW and non-atopic
AW, respectively (Table 3.1). The prevalence of ED visits for AW is in line with that
reported by others (www.cihi.ca).

Table 3.1 reports the distribution of normal-high children serum IgA and ED
visits for AW, atopic AW and atopic asthma until age 3 years across potential covariates.
Being in the top two tertiles of serum IgA from 1-2 and 2-3 years was significantly more
common in males (p<0.001; p=0.028) and those without a prior diagnosis of FTT
(p0.053) from ages 2-3. ED visits for AW, atopic AW and atopic asthma at until age 3
were significantly more common in male children (p<0.001) (Table 3.1). Most of these
associations were not significant from ages 4-5 (Appendix C, Table C1). All ED
presentations with a non-missing end date before June 30, 2018 that concluded in

discharge were selected for inclusion (<5% had missing end dates).
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Table 3.1. Proportion of ED Visits for AW (Until age 3 years) and Potential Covariates in the 9,938 n AHS sub-

Cohort with Serum IgA Samples from Ages 0-3
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Highest X2**

Tertiles of

Serum

IgA (0-1

Years)

n=1,360/

2,040
Co- Row % (N)  p-
variate valu
s e (X2
eXxac
t)
Sex Fem 66.40 0.82
ale (585) 5

Mal 66.87

e (775)

Two ChiX Two Chi

Highest 2" Highest X?** forAW 2™ for 2
Tertiles of Tertiles (Until Age Atopic
Serum of 3 Years) AW
IgA (1-2 Serum vs No AW (Until
Years) IgA (2- n=1,022/ Age 3
n=2,655/ 3 Years) 8,937 Years)
4,079 N = vs No
2,506/3 AW
,819 n=173/8
,088

Row % (N) p- Row% p-Row%(N) p- Row% p-

valu (N) valu valu (N) valu

e (X2 e (X2 e (X2 e (X2

exac eXxac exac exac

t) t) t) t)

61.50<0.0 63.690.02 9.28 (366)<0.0 1.19 (43)<0.0

(1,131) 01 (1,054) 8 01 01
68.04 67.10 13.14 2.91
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Two Chi Two ChiX Two Chi ED VisitChiX ED VisitChiX ED Visit Chi ED VisitChiX ED Visit Chi

Highest X2 Highest 2" Highest X2 forAW 2™ for 2" for Non- X2 for 2" for Non- X2
Tertiles of Tertiles of Tertiles (Until Age Atopic Atopic Atopic Atopic
Serum Serum of 3 Years) AW AW Asthma Asthma
IgA (0-1 IgA (1-2 Serum vs No AW (Until (Until (Until (Until
Years) Years) IgA (2- n=1,022/ Age 3 Age 3 Age 3 Age 3
n=1,360/ n=2,655/ 3 Years) 8,937 Years) Years) Years) Years)
2,040 4,079 N = vs No vs No vs No vs No
2,506/3 AW AW AW AW
,819 n=173/8 n=260/8 n=123/8 n=180/8
,088 175 ,362 419
Diagn No 66.67 1.00 65.54 0.05 65.94 0.08 11.67 0.01 2.20 0.17 3.26 0.18 1.53 0.10 2.19 0.22
oses (1,214) (2,433) 3 (2,379) 8 (961) 9 (164) 0 (245) 0 (118) 7 (170) 5
of
Failure
to
Thrive Yes 66.76 60.49 60.19 8.73(61) 1.39(9) 2.30(15) 0.75(5) 1.49(10)
(146) (222) (127)
Age at 0-1 9.13(164)0.00 1.33(22)<0.0 2.68 (45)0.03 0.88 (15)0.00 1.69 (29) 0.19
Serum 2 01 6 2 1
IgA
Level
(Years
)
1-2 11.78 1.72(57) 3.77 1.25(43) 2.44 (85)
(436) (128)
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Two Chi Two ChiX Two Chi ED VisitChiX ED VisitChiX ED Visit Chi ED VisitChiX ED Visit Chi

Highest X2 Highest 2" Highest X2 forAW 2™ for 2" for Non- X2 for 2" for Non- X2
Tertiles of Tertiles of Tertiles (Until Age Atopic Atopic Atopic Atopic
Serum Serum of 3 Years) AW AW Asthma Asthma
IgA (0-1 IgA (1-2 Serum vs No AW (Until (Until (Until (Until
Years) Years) IgA (2- n=1,022/ Age 3 Age 3 Age 3 Age 3
n=1,360/ n=2,655/ 3 Years) 8,937 Years) Years) Years) Years)
2,040 4,079 N = vs No vs No vs No vs No
2,506/3 AW AW AW AW
,819 n=173/8 n=260/8 n=123/8 n=180/8
,088 175 ,362 419
Age at 12.27 3.02 (94) 2.80(87) 2.02 (65) 2.05 (66)
Serum (422)
IgA
Level
(Years
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3.4.2 Comparison of median serum IgA Levels between those with/without ED
visits for AW

Considering ED visits for AW until age 3, median serum IgA levels from ages 0
to 1 were significantly higher in groups with ED visits for atopic AW and those with
atopic asthma compared to those without ED visits for AW (Figure 3.2). Median levels
were 0.02 g/L higher in the groups with ED visits for AW (p=0.152) compared to those
with no AW. When considering median levels for children with ED visits for atopic AW,
median serum IgA levels were 0.07 g/L higher (p=0.028) than those without AW.
Median levels for those with an ED visit for atopic asthma were 0.09 g/L higher
(p=0.035) than those without AW. Median levels of serum IgA between non-atopic AW
and non-atopic asthma until age 3 were not different from those without AW. In
comparison, median levels of serum IgA for those with ED visits for AW (0.02 g/L),
atopic AW (0.11 g/L) or atopic asthma (0.11 g/L) from ages 4-5 were higher than those
without AW, but not statistically significant (Appendix C, Figure C2).
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AW Outcomes (Until Age 3 Years)

Figure 3.2. Serum IgA levels (g/L) from ages 0-1 among AW groups until age 3.
P-values indicates significant differences in median values (red lines) in AW
groups compared to the reference group of those without AW based on Mann-

Whitney U.

Median serum IgA levels from ages 1-2 were only significantly higher in groups
with ED visits for AW until age 3, compared to those without ED visits for AW (Figure
3.3). Median serum IgA levels were 0.05 g/L higher in the groups with ED visits for AW
(p=0.21) compared to those with no AW. When considering median levels for children
with ED visits for atopic AW, median levels were 0.12 g/L higher, but not significantly
different than those without AW. Median levels for those with an ED visit for atopic
asthma (not-wheeze) were only 0.07 g/L higher than those without AW. Median levels

of serum IgA for those with ED visits for AW (0.02 g/L), atopic AW (0.07 g/L) or atopic
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asthma (0.12 g/L) from ages 4-5 were higher but not significantly so (Appendix C,

Figure C3).
Serum IgA Levels (Ages 1-2)
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R
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AW Outcomes (Until Age 3 Years)

Figure 3.3. Serum IgA levels (g/L) from ages 1-2 among AW groups until age 3.
P-values indicates significant differences in median values (red lines) in AW
groups compared to the reference group of those without AW based on Mann-

Whitney U.

Median serum IgA levels from ages 2-3 were significantly higher in groups with
ED visits for atopic AW until age 3, compared to those without ED visits for AW (Figure
3.4). Median serum IgA levels were 0.03 g/L higher in the groups with ED visits for AW

(p=0.2) compared to those with no AW. When considering median levels for children
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with ED visits for atopic AW, median levels were 0.12 g/L higher (p=0.037) than in those
without AW. Median levels for those with an ED visit for atopic asthma (not-wheeze)
were only 0.07 g/L higher than those without AW. Median levels of serum IgA from
ages 2-3 for those with ED visits for AW, atopic AW or atopic asthma from ages 4-5
were higher, but not significantly compared to those without AW from ages 4-5

(Appendix C, Figure C4).

Serum IgA Levels (Ages 2-3)

Serum IgA (g/L)

AW Outcomes (Until Age 3 Years)

Figure 3.4. Serum IgA levels (g/L) from ages 2-3 among AW groups until age 3.
P-values indicates significant differences in median values (red lines) in AW
groups compared to the reference group of those without AW based on Mann-

Whitney U.
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3.4.3 Simple and multiple logistic regression analyses

As stated in the methods, the top two tertiles (normal-high) of serum IgA from
ages 0-1, 1-2 and 2-3 years were compared to the lowest tertile. With this exposure,
we looked at the odds of ED visits for AW, atopic AW and atopic asthma until age three.
The logistic regression analysis for outcomes from ages 4-5 is shown in Appendix C.
Range and mean of those in the lowest tertile for ages 0-1 years was 0 to 0.17 g/L and
0.08 g/L, from 2-3 years it was 0 to 0.39 g/L and 0.35 g/L and from 2-3 years it was 0 to
0.39 g/Land 0.25g/L. Range and mean of those in the top two tertiles for ages 0-1 years
was 0.18 to 3.13 g/L and 0.41 g/L, from 2-3 years it was 0.4 to 9.92 g/L and 0.70 g/L
and from 2-3 years it was 0.4 to 9.64 g/L and 0.82 g/L.

3.4.4 Serum IgA and ED Visits for AW

Normal to higher serum IgA levels from ages 1-2 was associated with increased
odds of ED visits until age 3 years for AW, compared to those in the lowest tertile of
serum IgA levels. The crude OR for an ED visit for AW (until age 3) when having
normal/high serum IgA in the 1%t through 2" year of life was 1.24 (95% Cl: 1.03, 1.49;
Table 3.3), and this association was significant. The variables identified via DAG
directed in the methods as minimally sufficient to adjust for, included: a diagnosis of
FTT and sex. A final regression model for ED visits for AW (until age 3) showed a 1.21
(95% CI: 1.00, 1.46) increase in the odds of having an ED visit for AW with the exposure
normal-high serum IgA (Ages 1-2) compared to those in the lowest tertile after
adjustment for FTT and sex (Table 3.3). In comparison, having normal to high serum
IgA from ages 0-1 and 2-3 was not associated with a significantly increased odds of an
ED visit until age 3 after adjusting for sex and FFT, although the later showed a trend
(p=0.12) (Table 3.2, 3.4). Similar but not significant associations were seen in the final

regression model for ED visit for AW in ages 4-5 (Appendix C, Tables C2-C16).
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Table 3.2. Odds of Emergency Department Visits for Asthma and/or Wheeze

(Until Age 3 Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages
0-1)

Ref: Lowest Tertile Serum IgA (0-1 Years) ED Visit for AW vs No AW ED Visit for AW vs No AW
(Until Age 3 Years) Crude OR  (Until Age 3 Years) Adjusted
(95% ClI) OR (95% CI) (n=2,040)*
Normal-High Serum IgA (0-1 Years) 1.08(0.80, 1.46) 1.08(0.80, 1.46)
Failure to Thrive 0.72(0.55, 0.95) 0.66(0.40, 1.11)
Sex (Ref: Female) 1.48 (1.29, 1.69) 1.49 (1.11, 2.00)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table 3.3 Odds of Emergency Department Visits for Asthma and/or Wheeze (Until

Age 3 Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages 1-2)

Ref: Lowest Tertile Serum IgA (1-2 Years) ED Visit for AW vs No AW ED Visit for AW vs No AW
(Until Age 3 Years) Crude OR  (Until Age 3 Years) Adjusted
(95% ClI) OR (95% CI) (n=4,079)*
Normal-High Serum IgA (1-2 Years) 1.24 (1.03, 1.49) 1.21 (1.00, 1.46)
Failure to Thrive 0.72 (0.55, 0.95) 0.98(0.71, 1.35)
Sex (Ref: Female) 1.48 (1.29, 1.69) 1.47 (1.22,1.79)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table 3.4. Odds of Emergency Department Visits for Asthma and/or Wheeze

(Until Age 3 Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages

2-3)
Ref: Lowest Tertile Serum IgA (2-3 Years) ED Visit for AW vs No AW ED Visit for AW vs No AW
(Until Age 3 Years) Crude OR  (Until Age 3 Years) Adjusted
(95% ClI) OR (95% CI) (n=3,819)*
Normal-High Serum IgA (2-3 Years) 1.16(0.93, 1.44) 1.14(0.92,1.42)
Failure to Thrive 0.72 (0.55, 0.95) 0.75(0.49, 1.14)
Sex (Ref: Female) 1.48 (1.29, 1.69) 1.35(1.12, 1.62)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive
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3.4.5 Serum IgA and ED Visits for Atopic/Non-Atopic AW

Atopic and non-atopic AW were compared to those without AW in separate
models. The same exposures were used to determine the odds of ED visits for atopic
AW until age 3 and normal-high serum IgA was associated with increased odds of
atopic AW. The crude OR for risk of an ED visit for atopic AW for those with normal-
high serum IgA when compared to low serum IgA (Ages 2-3) was 1.85 (95% ClI: 1.07,
3.21; Table 3.9), and this association was significant. After adjusting for covariates,
the final regression model for atopic AW showed a 1.79 (95% CI: 1.03, 3.09) times
increase in the odds of having an ED visit for atopic AW with exposure to normal-
high serum IgA (ages 2-3) when compared to those with low serum IgA (Table 3.9).
The directions of the associations were similar but the associations were non-
significant when considering serum IgA from 0-1 and 1-2 years of age, and atopic
AW (Tables 3.5 and 3.7). In comparison, adjusted ORs for ED visits for non-atopic
AW with normal-high serum IgA compared to those with low serum IgA, were
decreased compared to atopic AW outcomes (Tables 3.6, 3.8, and 3.10).
Associations for atopic and non-atopic AW from ages 4-5 were also in a similar
direction with exposure to normal-high serum IgA from 0-1, 1-2 and 2-3 years of
age, compared to those with low serum IgA, but were not statistically significant

(Appendix C; Tables C2, C16).

105



Table 3.5. Odds of Emergency Department Visits for Atopic AW (Until Age 3

Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages 0-1)

Ref: Lowest Tertile Serum IgA (0-1 Years) ED Visit for Atopic AW vs No

Normal-High Serum IgA (0-1 Years)
Failure to Thrive

Sex (Ref: Female)

AW (Until Age 3 Years) Crude
OR (95% ClI)

ED Visit for Atopic AW vs No
AW (Until Age 3 Years)
Adjusted OR (95% Cl)

(n=1,872)*

1.53(0.68, 3.42)
0.63(0.32, 1.23)
2.49(1.76, 3.53)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive

1.53(0.68, 3.42)
1.45(0.55, 3.80)
2.42(1.08,5.42)

Table 3.6. Odds of Emergency Department Visits for Non-Atopic AW (Until Age 3

Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages 0-1)

Ref: Lowest Tertile Serum IgA (0-1 Years) ED Visit for Non-Atopic AW vs ED Visit for Non-Atopic AW vs

Normal-High Serum IgA (0-1 Years)
Failure to Thrive

Sex (Ref: Female)

No AW (Until Age 3 Years)
Crude OR (95% CI)

1.21(0.70, 2.08)
0.70(0.41, 1.18)
1.22 (0.95, 1.57)

No AW (Until Age 3 Years)
Adjusted OR (95% CI)
(n=1,900)*

1.20(0.70, 2.08)
0.81(0.35, 1.90)
1.18(0.71, 1.96)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table 3.7. Odds of Emergency Department Visits for Atopic AW (Until Age 3

Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages 1-2)

Ref: Lowest Tertile Serum IgA (1-2 Years) ED Visit for Atopic AW vs No

Normal-High Serum IgA (1-2 Years)
Failure to Thrive

Sex (Ref: Female)

AW (Until Age 3 Years) Crude
OR (95% Cl)

1.30(0.78, 2.16)

0.63(0.32, 1.23)
2.49(1.76, 3.53)

ED Visit for Atopic AW vs No
AW (Until Age 3 Years)
Adjusted OR (95% Cl)
(n=3,671)*

1.22(0.73, 2.03)
1.25 (0.56, 2.77)
2.46(1.39,4.37)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive
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Table 3.8. Odds of Emergency Department Visits for Non-Atopic AW (Until Age 3

Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages 1-2)

Ref: Lowest Tertile Serum IgA (1-2 Years) ED Visit for Non-Atopic AW vs ED Visit for Non-Atopic AW vs

Normal-High Serum IgA (1-2 Years)
Failure to Thrive

Sex (Ref: Female)

No AW (Until Age 3 Years)
Crude OR (95% CI)

1.22(0.87,1.71)
0.70(0.41, 1.18)
1.22 (0.95, 1.57)

No AW (Until Age 3 Years)

Adjusted OR (95% Cl)
(n=3,746)*
1.21(0.86, 1.70)
1.15(0.67, 1.99)
1.10(0.78, 1.54)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table 3.9. Odds of Emergency Department Visits for Atopic AW (Until Age 3

Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages 2-3)

Ref: Lowest Tertile Serum IgA (2-3 Years) ED Visit for Atopic AW vs No

Normal-High Serum IgA (2-3 Years)
Failure to Thrive

Sex (Ref: Female)

AW (Until Age 3 Years) Crude
OR (95% ClI)

1.85(1.07, 3.21)

0.63(0.32, 1.23)
2.49(1.76, 3.53)

ED Visit for Atopic AW vs No
AW (Until Age 3 Years)
Adjusted OR (95% Cl)
(n=3,453)*

1.79 (1.03, 3.09)
0.62(0.23, 1.70)
2.60(1.66, 4.09)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table 3.10. Odds of Emergency Department Visits for Non-Atopic AW (Until Age

3 Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages 2-3)

Ref: Lowest Tertile Serum IgA (2-3 Years) ED Visit for Non-Atopic AW vs ED Visit for Non-Atopic AW vs

Normal-High Serum IgA (2-3 Years)
Failure to Thrive

Sex (Ref: Female)

No AW (Until Age 3 Years)

No AW (Until Age 3 Years)

Crude OR (95% CI) Adjusted OR (95% ClI)
(n=3,453)*
0.99(0.64, 1.54) 0.98(0.64, 1.52)
0.70(0.41, 1.18) 0.56 (0.21, 1.54)
1.22 (0.95, 1.57) 1.18(0.81, 1.72)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive
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3.4.5 Serum IgA and ED Visits for Atopic/Non-Atopic Asthma

Serum IgA and ED visits were studied in atopic and non-atopic asthma (not
wheeze), and compared to those without AW in separate models. After adjusting for
FTT and sex, the final regression models showed only a marginally significant
increase in the odds of having an ED visit for atopic asthma with exposure to normal-
high serum IgA, compared to those in the lowest tertile of serum IgA from ages 0-1,
1-2 or 2-3 (Tables 3.11, 3.13, 3.15). When considering those with exposure to
normal-high serum IgA compared to those with low levels of serum IgA, the odds
ratios were reduced in most models for an outcome of an ED visit for non-atopic
asthma compared to ED visits for atopic asthma (Tables 3.11-16). In the crude
associations, being male was significantly associated with increased odds of atopic
asthma (OR: 2.89; 95% Cl: 1.88, 4.44) but not non-atopic asthma (OR: 1.04; 95% Cl:
0.77, 1.19) compared to females (Tables 3.11-16). Associations for atopic and non-
atopic asthma from 4-5 years of age were also in a similar direction with exposure to
normal-high serum IgA from 0-1, 1-2 and 2-3 years of age, compared to those with
low serum IgA, but were not statistically significant (Appendix C; Tables C2-C16).
Summary forest plots of the adjusted ORs of each of the AW outcomes (until age 3)

are shown below (Figure 3.5-7) and in Appendix C for ages 4-5.
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Table 3.11. Odds of Emergency Department Visits for Atopic Asthma (Until Age

3 Years) After Exposure to the Highest Tertile of Serum IgA (Ages 0-1)

Ref: Lowest Tertile Serum IgA (0-1 Years) ED Visit for Atopic Asthmavs ED Visit for Atopic Asthma vs

Normal-High Serum IgA (0-1 Years)
Failure to Thrive

Sex (Ref: Female)

No AW (Until Age 3 Years) No AW (Until Age 3 Years)
Crude OR (95% CI) Adjusted OR (95% Cl)
(n=1,929)*

1.73(0.63, 4.70) 1.71(0.63, 4.67)
0.48(0.20, 1.19) 0.79(0.18, 3.40)
2.89(1.88, 4.44) 3.57 (1.20, 10.58)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table 3.12. Odds of Emergency Department Visits for Non-Atopic Asthma (Until

Age 3 Years) After Exposure to the Highest Tertile of Serum IgA (Ages 0-1)

Ref: Lowest Tertile Serum IgA (0-1 Years) ED Visit for Non-Atopic

Normal-High Serum IgA (0-1 Years)
Failure to Thrive

Sex (Ref: Female)

ED Visit for Non-Atopic
Asthma vs No AW (Until Age 3 Asthma vs No AW (Until Age 3
Years) Crude OR (95% CI) Years) Crude OR (95% CI)

(n=1,947)*
1.97(0.94, 4.13) 1.97(0.94, 4.13)
0.67 (0.77, 1.40) 1.02 (0.40, 2.61)
1.04(0.77, 1.40) 1.04 (0.57, 1.90)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table 3.13. Odds of Emergency Department Visits for Atopic Asthma (Until Age

3 Years) After Exposure to the Highest Tertile of Serum IgA (Ages 1-2)

Ref: Lowest Tertile Serum IgA (1-2 Years) ED Visit for Atopic Asthmavs ED Visit for Atopic Asthma vs

Normal-High Serum IgA (1-2 Years)
Failure to Thrive

Sex (Ref: Female)

No AW (Until Age 3 Years) No AW (Until Age 3 Years)
Crude OR (95% CI) Adjusted OR (95% Cl)
(n=3,800)*

1.29(0.72, 2.32) 1.21(0.67, 2.16)
0.48(0.20, 1.19) 0.89(0.32, 2.49)
2.89(1.88, 4.44) 2.79 (1.42, 5.49)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive
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Table 3.14. Odds of Emergency Department Visits for Non-Atopic Asthma (Until
Age 3 Years) After Exposure to the Highest Tertile of Serum IgA (Ages 1-2)

Ref: Lowest Tertile Serum IgA (1-2 Years) ED Visit for Non-Atopic ED Visit for Non-Atopic
Asthma vs No AW (Until Age 3 Asthma vs No AW (Until Age 3

Years) Crude OR (95% CI) Years) Crude OR (95% CI)
(n=3,846)*
Normal-High Serum IgA (1-2 Years) 1.13(0.75, 1.69) 1.14(0.76, 1.71)
Failure to Thrive 0.67 (0.77, 1.40) 1.09(0.56, 2.12)
1.04(0.77, 1.40) 0.94(0.63, 1.41)

Sex (Ref: Female)
Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table 3.15. Odds of Emergency Department Visits for Atopic Asthma (Until Age
3 Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages 2-3)

Ref: Lowest Tertile Serum IgA (2-3 Years) ED Visit for Atopic Asthmavs ED Visit for Atopic Asthma vs
No AW (Until Age 3 Years) No AW (Until Age 3 Years)

Crude OR (95% CI) Adjusted OR (95% CI)
(n=3,569)*
Normal-High Serum IgA (2-3 Years) 1.58 (0.85, 2.95) 1.53(0.82, 2.84)
Failure to Thrive 0.48(0.20, 1.19) 0.66 (0.21,2.12)
2.89(1.88,4.44) 2.74 (1.59,4.72)

Sex (Ref: Female)
Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table 3.16. Odds of Emergency Department Visits for Non-Atopic Asthma (Until
Age 3 Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages 2-3)

Ref: Lowest Tertile Serum IgA (2-3 Years) ED Visit for Non-Atopic ED Visit for Non-Atopic
Asthma vs No AW (Until Age 3 Asthma vs No AW (Until Age 3

Years) Crude OR (95% CI) Years) Crude OR (95% CI)
(n=3,570)*
Normal-High Serum IgA (2-3 Years) 0.88(0.53, 1.44) 0.87(0.52, 1.43)
Failure to Thrive 0.67(0.77,1.40) 0.60(0.19, 1.90)
1.04(0.77, 1.40) 1.21(0.78, 1.89)

Sex (Ref: Female)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive
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Normal to High Serum IgA (Ages 0-1) and Adjusted ORs of AW Outcomes

ED Visit for AW vs No AW (Until Age 3 Years)= |——.—|

ED Visit for Atopic AW vs No AW (Until Age 3 Years)==

ED Visit for Non-Atopic AW vs No AW (Until Age 3 Years)= e —

ED Visit for Atopic Asthma vs No AW (Until Age 3 Years)= | O |

ED Visit for Non-Atopic Asthma vs No AW (Until Age 3 Years) = : 1

0 1 2 3 4 5
OR (95%Cl)

Figure 3.5. Forest plot of adjusted ORs for AW outcomes until age 3 in children

with normal to high serum IgA levels (g/L) compared to those with low serum IgA

levels from ages 0-1, adjusted for failure to thrive and sex.
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Normal to High Serum IgA (Ages 1-2) and Adjusted ORs of AW Outcomes

ED Visit for AW vs No AW (Until Age 3 Years)= |—.—|

ED Visit for Atopic AW vs No AW (Until Age 3 Years)=

ED Visit for Non-Atopic AW vs No AW (Until Age 3 Years)= : = :

ED Visit for Atopic Asthma vs No AW (Until Age 3 Years)= : ' :

ED Visit for Non-Atopic Asthma vs No AW (Until Age 3 Years) = : :

1 1
0.0 0.5 1.0 1.5 2.0 25
OR (95%Cl)

Figure 3.6. Forest plot of adjusted ORs for AW outcomes until age 3 in children
with normal to high serum IgA levels (g/L) compared to those with low serum IgA

levels from ages 1-2, adjusted for failure to thrive and sex.
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Normal to High Serum IgA (Ages 2-3) and Adjusted ORs of AW Outcomes
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Figure 3.7. Forest plot of adjusted ORs for AW outcomes until age 3 in children

with normal to high serum IgA levels (g/L) compared to those with low serum IgA

levels from ages 2-3, adjusted for failure to thrive and sex.

3.5 Discussion

In this large, population-based cohort of 9,938 Albertan children, we found
some significant associations between being in the top two tertiles of serum IgA and
ED visits for AW. Being in the top two tertiles of serum IgA from ages 1-2 was
associated with increased odds of having an ED visit for asthma or wheeze until age
3, compared to those in the lowest IgA tertile (adjusted OR: 1.21; 95% CI: 1.00, 1.46).
A similar association was seen with normal to high serum IgA (ages 2-3) and atopic
AW until age 3 (adjusted OR: 1.79; 95% Cl: 1.03, 3.09). There was a corresponding
trend of associations observed between normal-high serum IgA from ages 0-1, 1-2,
and 2-3 and ED visits for AW, atopic AW and non-atopic AW until age 3, but the
majority of these associations did not reach statistical significance. Based on our

models, the trend suggested that being in the top two tertiles of serum IgA in the
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first 3 years of life was associated with increased odds of ED visits for AW, atopic AW
or atopic asthma until age 3, and from 4-5, compared to those in the lowest tertile
of serum IgA. This is the first-time serum immunoglobulin A levels in early childhood
have been studied in relation to ED visits for AW in early life in a large population-
based cohort. This is a key area of interest because of the high cost of healthcare
utilization for AW and need to characterize risk factors for childhood presentations
of AW to the ED.

In comparison to our findings, some previous studies have found that lower
serum IgA levels are associated with an increased risk for wheeze, asthma or allergic
disease. These studies include the findings of Ludviksson et al., (1992), which found
that low serum IgA in infancy was associated with increased risk for asthma at age 7,
though the diagnoses of asthma was heavily weighted towards atopic dermatitis or
sensitization, and was not based on ED visits [11]. As well, IgA and IgE levels were
determined from cord blood and may partially represent the mother [10]. A study
by Janzi et al., (2009) also reported that individuals with a complete absence of
serum IgA at 4 years of age had increased risk of atopic disease and infection,
though they did not report on asthma as an outcome [15]. Given this literature, we
expected that serum IgA would be inversely associated with AW. By contrast, we
found that normal-high concentrations of serum IgA were marginally associated with
increased odds of AW within the 15tthrough 3™ years of life. These findings raise the
question of why higher levels of serum IgA would be associated with increased risk
for ED visits for AW and with ED visits for atopic asthma/asthma. One explanation is
that undetectable serum IgA (IgA deficiency) is inherently different from having low
serum IgA. Completely undetectable levels may be a marker of immune system
dysfunction and genetic abnormality, whereas low levels of serum IgA may indicate

a properly functioning immune system with an absence of infection. Previous reports
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have shown that partial IgA deficiency (low but not absent levels) in childhood was
not associated with increased risk for atopic disease in comparison to complete IgA
deficiency [15].

More recently our findings of normal-high serum IgA being associated with
asthma have been supported. In particular, Pesonen et al., (2011) found that higher
serum IgA at 2 months of age was associated with development of atopic sensitization
at 5, 11 and 20 years of age [16]. These findings were independent of breastfeeding,
parental atopic disease, sex and tobacco smoke exposure, of which some may have
been confounders in our study, but these results support the associations we found.
Thus, having serum IgA levels that are within normal-high range may be an important
biomarker not only for the development of respiratory illness, but atopic respiratory
illness in early childhood. We addressed the temporality of relationships in our study
by limiting our analysis to individuals with serum IgA testing before any ED visits for
asthma or wheeze, but these individuals may have had various undetected respiratory
illnesses before the IgA testing happened, which could have been involved in this
association. For example, respiratory infections like respiratory syncytial virus (RSV),
which are common in infancy and can contribute to asthma exacerbations, are known
to increase serum IgA levels after infection, and this increase may last up to a few weeks
[17-19]. This relationship between RSV and production of IgA following infection might
also explain the stronger associations between normal-high serum IgA and atopic AW,
compared to the association between normal-high serum IgA and AW without
designation of atopic status. A previous study by Schauer et al., (2002) showed that
RSV infection in the 1t year of life was one of the most important risk factors for allergic
sensitization (determined by allergen specific IgE values) in children [20]. As well,
mouse models of RSV infection reveal that infection can promote airway

hyperresponsiveness and resultant increase in Th2-mediated cytokine production with

115



exposure to various allergens [21]. This relationship between normal-high serum IgA
and ED visits for atopic asthma/wheezing is an important finding. Previously published
trajectories reveal that presence of early atopic sensitization in addition to AW is one
of the best predictors of persistent asthma, though our associations were strongest
with AW until age 3, in comparison to ages 4-5 which is more highly associated with
persistence [22].

In comparison to serum IgA, slgA is the main mediator of mucosal
homeostasis and defence and serum IgA levels may not reflect the function of sIgA.
Indeed, different induction mechanisms have been elucidated and serum IgA arises
from B-cells in the bone marrow, whereas slgA arises from B-cell production in the
mucosal lamina propria, although there is clonal relatedness between the two forms
[23]. Although sIgA is not generally considered to be implicated in inflammatory
reactions, but serum IgA is capable of initiating inflammatory reactions, serum IgA
may act as a second line of defence when there is breach of the mucosal barrier by
infectious agents [8,24,25]. This functional distinction may explain why total fecal IgA
and salivary slgA were lower in children who developed subsequent atopic disease
[5,26]. Previous findings by Ladjemi et al., (2018) showed that there is down
regulation of the polymeric immunoglobulin receptor protein (plgR), the protein
responsible for transport of slgA into the mucosal surfaces, in the bronchial
epithelium of patients with asthma compared to healthy controls [27]. However,
asthma severity was not considered, and corticosteroid treatment may have
confounded these results. This reduction of plgR could result in reduced slgA-
mediated protection on the mucosal surfaces, increasing risk for infection and
inflammation in the airways, and increasing risk for development of asthma.

Knockout of plgR in murine models has revealed a significant increase in serum IgA
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in knockout mice compared to controls, which provides a potential explanation for
our results [28].

This AHS cohort study was designed to determine the preliminary associations
between immune system development in early life and the development of asthma in
childhood. The experimental design has both strengths and a number of weaknesses.
The strengths of this study include both its large sample size and standardized testing.
As well, we limited measurement of serum IgA to before AW presentations to the ED,
which increases our ability to draw temporal relationships, and the range and mean of
serum IgA values were comparable to a previous Iranian cohort[29]. However, despite
the standardization of tests, there is variability in the measurements of serum IgA, as
testing was done for varying indications, in various labs across the province, by
different technicians, and using different machines. Additionally, there are many
inherent limitations with studies based on administrative health care data, since the
records primarily represent an account of the illness experienced, and not a set of
standardized questionnaires validated for research. The records were also limited to
the individuals under study and no information was collected about parental history of
atopic disease, breastfeeding status, home environment, or birth mode, which are a
few of many factors related to IgA levels and asthma. Moreover, since serum IgA levels
are not routinely taken and are indicated for in the case of chronic infections or
suspected immunodeficiency, those who have serum IgA levels tested may already be
at increased risk for asthma or other atopic diseases. Although prevalence was higher
for ED visits during the ages of serum IgA used, likely indicating some confounding of
this nature, our results are similar to reported national averages (www.cihi.ca). Overall,
our data must be interpreted in light of these limitations. Nevertheless, this is an
important study that provides insight on early development of the immune system and

future risk for wheeze, atopy and asthma.
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In conclusion, normal-high levels of serum IgA in early life are associated with a
increased odds for ED visit for AW and atopic AW in childhood. Further studies are
needed to link these associations to see if they hold when controlling for various other
pre/postnatal influences on the development of the immune system and AW. Future
studies comparing the development of serum and secretory IgA, and risk of atopic
illness in a prospective, healthy birth cohort would provide key insights into the

developmental origins of these complex diseases.
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Chapter 4: Conclusions
4.1 Key Findings and General Conclusions

This thesis was conducted to help understand the relationship between IgA--
both serum and secretory—and asthma and wheeze in childhood. We completed two
separate cohort studies. Chapter 2 describes the associations between infant fecal
secretory IgAin the 15t year of life and childhood asthma and wheeze in the first 5 years
of life in a prospective, normal birth cohort. Chapter 3 evaluates the associations
between serum IgA and the first 3 years of life and ED visits for asthma and wheeze in
the first 5 years of life in a retrospective administrative health database cohort. The
major findings will be summarized firstin this chapter and then we will outline strengths
and limitations in relation to our CHILD study then our AHS study. The final sub-section
of this chapter will discuss the implications of this research and potential areas for

future research.

Key finding #1 Fecal slgA in formula fed infants in infancy is differentially related to
atopic and non-atopic AW in comparison to breastfed infants.

Asthma is one of the most common chronic childhood diseases and is a huge
burden on society. Research focusing on the developmental origins of asthma is being
pursued to elucidate areas for future strategies for prevention or to mitigate severity.
In the past 10 years, the development of the gut microbiome has been revealed as a
key influence on the etiology of asthma and atopic disease [1]. One of main mediators
of the effects of the development of the gut microbiota on asthma is sIgA [2-4]. This
study expands on our knowledge of the relationship between early life sigA and future
odds of developing childhood asthma.

We showed that lower fecal slgA in formula fed infants was associated with

increased risk for non-atopic AW, whereas normal-high fecal slgA was associated with
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increased risk for atopic AW in comparison to breastfed infants with any level of fecal
slgA. Previous research identified that low slgA is associated with increased risk for
asthma and atopic disease [5,6], whereas others have shown that high mucosal IgA is
associated with increased risk of allergic sensitization and asthma [7]. slgA may impact
the development of asthma in a number of ways. Variations in intestinal colonization
patterns implicated in allergic disease and asthma may be mediated through slgA
binding to microbes[4]. Although these studies add to the literature on the relationship
between fecal slgA in infancy and childhood atopic disease while controlling for
breastfeeding status to varying degrees, none report on how formula fed and
breastfed infants differ. Since the main source of slgA in infancy is through maternal
breastmilk, we hypothesized that in the case of formula feeding when an infant relies
on endogenous production of slgA, which matures throughout the 15t year of life, there
may be further differences in risk of atopic disease compared to breastfed infants who
receive supplementation of maternally derived, protective slgA. Since, formula feeding
is already strong predictor of childhood wheeze, differences in total slgA in formula
fed infants, may be an important biomarker for aberrant development of the infant
immune system.

We speculate that low fecal slgA may be a marker for low mucosal immune
response to microbes, resulting in reduced mucosal barrier function and increased
susceptibility to viral airway infections [8,9]. By contrast, higher fecal slgA in formula
fed infants may be a marker for inflammatory Proteobacteria and an over-
representation of Enterobacteriaceae, a gut microbe found in infants who develop
food sensitization in childhood [10,11].

This work leads to interesting questions on how infant feeding, mucosal immune
development and the microbiome coordinately impact the development of asthma

and atopic disease. There is potential, as with all epidemiological studies, that an
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unmeasured confounding variable could lead to these associations. In particular, we
were unable to measure what microbes were bound to fecal slgA in our population, a
potential key consideration [4]. This more basic association may be important in a
clinical context. Even after controlling for the effects of multiple co-variates, total fecal
slgA in formula fed infants was associated with early asthma and atopic AW.
Interventions such as promotion of breastfeeding or even partial breastfeeding may

serve as a useful tool for asthma prevention.

Key finding #2 Normal-high serum IgA is associated with increased risk for ED visits
for AW and atopic AW in childhood.

Varying levels of serum IgA have previously been associated with asthma, atopic
sensitization and infection [12,13]. Although previous results are conflicting, our results
support that normal-high levels are associated with ED visits for respiratory illness and
atopic disease in childhood. The most prominent studies linking low serum IgA to
atopic diseases are those on IgA deficiency, which increases the risk of atopic diseases
[14]. As well, when serum IgA levels are present, other studies have associated lower
serum IgA with increased risk of allergic disease at age 7 [15]. In comparison, higher
serum IgA has also been associated with later development of atopic diseases in
several studies[12,16,17]. As addressed in Chapter 3, this may be due to early infection
with RSV, which has been shown to raise serum IgA and IgE levels and increase risk for
later development of asthma, although research on this relationship is contentious [ 18-
21].

Although our study aids in establishing the relationship serum IgA and atopic
disease, it should be keptin mind that serum IgA levels likely do not accurately reflect
the function of sIgA at the mucosal surfaces. slgA has a larger role in immunological

tolerance to food antigens and commensal microbes, and as such is more functionally
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relevant than levels of serum IgA in development of various atopic diseases. The role
of serum IgA is less well understood, but it has been suggested to act as a second line
of defence against invasive bacterial infections with a mucosal surface origin [22]. It
follows that the relationship of higher serum IgA with atopy may reflect decreased slgA
at mucosal surfaces. A clearer understanding of the relationship between IgA, slgA and
atopy is needed to understand the relevance of IgA levels in development of immune
tolerance and their ability to predict clinical outcomes. Regardless, this research
highlights important findings for clinicians; although undetectable levels of serum IgA
is clearly linked with asthma risk, when serum IgA is present but low, the clinical
significance is unclear.

These findings reveal the intricate relationship between IgA in early life and the
etiology of childhood atopic disease. Importantly, we showed that fecal slgA levels may
be more predictive of development of childhood asthma than serum IgA levels. We
examined these two cohorts using similar outcomes and exposures, and we were
interested in particularin the comparison between serum IgA in the first year of life and
our fecal slgA sample. In this time frame, fecal sIgA was more highly associated with
childhood AW than serum IgA levels at one year. This interpretation should be taken
lightly though as serum IgA may have a similar or greater predictive value but was
confounded by the limitations in our dataset. Despite this, we showed similar trends
between serum and slgA, in particular on the association with atopic AW, though the
relationships between the two different isoforms and atopic disease may have
divergent functional explanations. Overall, both serum IgA and secretory IgA may be
important biomarkers for clinicians to aid in early identification and treatment of those

prone to develop atopic diseases like asthma.
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4.2 Strengths and Limitations

The strengths and limitations of this thesis will be mentioned briefly in this
section then outlined more extensively in the next sub-sections on bias and
confounding. Epidemiological research has intrinsic and inevitable sources of bias.
This thesis used two different cohort designs; each has different drawbacks. The CHILD
study is a prospective, normative birth cohort. The main objective was to determine
the relationship between early fecal slgA levels and AW in childhood. The AHS study
is a retrospective cohort study developed to determine the association between serum

IgA level and emergency department visits for asthma and wheeze in childhood.

4.2.1 General Strengths and Limitations of the CHILD Cohort

The CHILD cohort has multiple strengths. The cohort is representative of the
general Canadian population based on the variety of recruitment methods and high
rate of retention [23,24]. Because of the large sample size and extensive, accurately
documented data on covariates, the sample size was sufficient to adjust for many
important covariates when using multivariate regression analyses. The prospective
nature of this study allows us to comment on the temporality of the relationships and
verify that various pre and post-natal exposures came prior to the emergency
department visits or diagnoses of asthma and wheeze. Despite this, we cannot
comment fully on the causal relationships, as there are potentially unobserved sources
of bias in our study.

In the CHILD study (Chapter 2), many co-variates and outcomes of interest (ED
visits/physician diagnoses of AW) relied on data collected from standardized
questionnaires. While standardization improves accuracy, questionnaires relied on
completeness and correct reporting by mothers, which is an inherent limitation. More

objective measures of co-variates and AW would have helped to increase the reliability
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and validity of our findings. Regardless of these limitations, this is a rigorously
completed cohort study which contributes novelty to the literature on the relationship

between secretory slgA and AW in childhood.

4.2.1.1 Selection Bias in the CHILD Cohort

Prior to the initial recruitment period for CHILD, specific inclusion and exclusion
criteria were used to recruit participants from the general Canadian population using
multiple methods to control selection bias [23,24]. However, there are some discrete
differences in the recruited population that may limit generalizability, including more
individuals from the CHILD study are white, urban and from a higher socioeconomic
status than the rest of Canada [25]. The loss to follow up is low in the CHILD study, with
92% of mother-child pairs retained when infants reached 1 year of age [24,25].
Although this one year evaluation lacked information from the Toronto study site
(777/3,296 total participants), study bias was minimal because the same recruitment
and selection methods were used at all sites. One potential source of selection bias is
due to issues with stool collection from breastfeeding infants (harder to extract from

diapers), but this was controlled by adjustment for breastfeeding status.

4.2.1.2 Measurement Bias in the CHILD Cohort

Measurement bias is the systematic inconsistency in measurements between
groups of interest. The prospective, normal subject nature of the CHILD cohort
minimizes this type of bias. Standardized operating procedures for biological samples
and self-report questionnaires for study participants also serve to reduce systematic
inconsistencies between groups, though our study could have benefited further from
a formal physician diagnosis of AW instead of relying on a maternal report of physician

diagnoses. Despite this maternal-report of childhood asthma is a relatively well-
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validated method [24]. As well, although infant fecal samples were not all collected at
the same time, the SyMBIOTA research team had all fecal sIgA steps performed by the
same research technician which helps to minimize systematic differences between
samples. Further strengths of our study include the use of an ELISA kit to detect
specifically slgA in our 3-month stool collection. Despite this, the kit used for detection
of fecal slgA is unable to discriminate between slgA bound and unbound to bacteria
which may be more important than total levels of fecal slgA in relation to development

of asthma as reported by Dzidic et al., (2017) [4].

4.2.1.3 Confounding Bias in the CHILD Cohort

As with all epidemiological studies, we aimed to reduce the effects of
confounding between our exposure and an outcome. In chapter 2, using our Directed
Acyclic Graph (DAG), we mapped the relationship between various covariates in our
study and their effects on the relationship between the total effect of fecal sIgA on
asthma development. This visual representation of the relationships between variables
helped us understand relationships between covariates and control for potential
sources of bias in our exposure-outcome relationships [26]. Proponents of DAGs argue
that they are more robust in helping determine causal relationships than other model
building methods such as purposeful model building, because over- or under-
adjustment bias can be avoided by proper identification of a minimally sufficient
adjustment set. Despite our robust approach to model adjustment, there was limited
access to data on potentially important issues affecting our relationship of interest.
These include: timing of food introduction, probiotic supplementation, fiber intake and
types of formula used. Efforts to control for some of these measures included: tests of
confounding for duration of breastfeeding, and adjustment for age at fecal slgA

samples.
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Inherent to all representations of complex biological phenomena are over-
simplifications or misspecifications regarding the relationships of interest. As such,
there are some limitations of this approach in comparison to more conventional
approaches, but, since both slgA and respiratory illness have been well described, we
are confident our approach addresses a significant amount of the confounding present

in this cohort study.

4.2.2 General Strengths and Limitations of the AHS Cohort

The AHS cohort has both a number of strengths and limitations. Retrospective
cohort design with database linkage is a cost-effective and valid method to evaluate
the use of ED visits for asthma [27]. As well, our sample size was large and there was
continuity of data over a relatively long time period (5 years). Other strengths of the
study include validated methods used to determine serum immunoglobulin levels and
characterization of ED visits for both wheeze and asthma. Unfortunately, missing or
conflicting data within the records could result in bias and loss to follow up can result

in information bias.

4.2.2.1 Selection Bias in the AHS Cohort

Since the AHS cohort was based on patients with available serum
immunoglobulin A levels in the first 18 years of life between April 1%, 2013 to June 30,
2018, there is a large risk for selection bias. The opportunistic sampling method was
based on the availability of testing which precludes randomization. This healthcare
record data also only reflects children who sought healthcare for symptoms, increasing
the likelihood that asymptomatic children were excluded. As well, demographics other
than age and sex were not available, limiting our ability to account for many potential

confounders. Since immunoglobulin testing is not done routinely in the general
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population, it is likely that individuals in our cohort have a higher burden of diseases
associated with possible abnormal immunoglobulin levels. In particular, our group of
study reflects individuals that have increased risk of acute and chronic infections,
immunologic and autoimmune disorders, liver and renal dysfunction, metabolic
derangement, including malnutrition and diabetes, and certain cancers [13]. The
plausible higher disease burden in this study population over the general population

could have introduced significant bias.

4.2.2.2 Measurement Bias in the AHS Cohort

There are a number of factors that introduce potential measurement bias to the
AHS cohort. Due to the association of low immunoglobulin A levels with respiratory
infection, previous testing of these levels may influence health care providers to more
readily describe symptoms of asthma as bronchitis or bronchiolitis or vice versa. As
well, health care providers in the emergency department do not provide a formal
evaluation for asthma, resulting in the potential for a primary diagnosis that captures
the patient presentation (e.g. wheeze) but does not accurately reflect the long term
clinical picture. Resultantly, there is a large potential for heterogeneity in the diagnosis
of asthma/wheeze/bronchitis/bronchiolitis. We controlled for this by combining all
these common terms into a single AW variable. We also are aware that in spite of there
being a fairly standardized protocol for analysis of IgA levels, analyses were done at

different sites and times, potentially influencing results.

4.2.2.3 Confounding Bias in the AHS Cohort
Confoundingis a significant risk in this epidemiological study. As with our CHILD

study, to account for confounding bias in our AHS study we used DAGs to identify
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minimally sufficient adjustment sets while determining the effect of serum slgA on ED
visits for AW and this has the same strengths and limitations as above.

As mentioned previously, in contrast to the CHILD study, there were
substantially less demographic characteristics observed in this study that could bias
the relationship between IgA levels and asthma. These limitations stem from inherent
healthcare database issues that reflect opportunistic data collection; not an ideal study
design. This study design and lack of information likely contributed to bias in our
estimates, and this limitation is especially clear in the 1t year of life, when feeding
modes and smoke exposure significantly impact serum IgA levels, immune system
development and respiratory illness. Interpretation of study results should reflect an

understanding of these limitations.

4.3 Significance and Clinical Relevance

Although IgA, gut microbiome and immunity have been studied in animal
models and various cohort studies, this is the first study to combine two cohort studies
to report associations between serum IgA and fecal slgA and asthma and wheeze in
the first 5 years of life in humans. Since animal models are beneficial to determine
mechanisms but sometimes not applicable to humans, our study greatly adds to the
literature on the link between IgA and asthma in humans. Additionally, since there is a
difference between serum IgA and fecal slgA, being able to compare these two
exposures with similar outcomes of asthma and wheeze in children in two cohort
studies increases the novelty of this work.

Since a randomized control trial testing this association would be impossible,
the combined findings of the CHILD and AHS study provide some of the strongest
possible evidence for these associations. This study provides a significant addition to

the literature on the interrelation between IgA and asthma. In addition, the asthma
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model delineated in this thesis connected differences in infant gut IgA and serum IgA
to child atopy, in turn providing insight on potential infant biomarkers to predict
development of other common atopic chronic conditions in children. These findings
should also encourage interventions aimed at breastfeeding promotion as a potential

means to reduce the risk of developing asthma.

4.4 Implications for future research

Despite the large body of data on IgA and asthma, these findings reveal that
more studies on the relationships between IgA in early life and development of asthma,
wheeze and other atopic conditions are needed. In particular the differential influence
and mechanisms of IgA and slgA in relation to the development of asthma and atopic
disease need further exploration. It would be beneficial to know the optimal levels
and/or binding of slgA that promote a healthy infant gut microbiome composition, and

how serum IgA is related.

4.5 Concluding Remarks

This thesis investigated the association between serum and secretory IgA and
childhood respiratory disease in the first few years of life. We found that when a
formula-fed infant, low fecal slgA is significantly associated with childhood
asthma/wheeze, when controlling for various covariates. As well, we found that serum
IgA in the first three years of life is marginally associated with AW in the first 5 years of
life. With these population-level findings, this study highlights the importance of early
infant immune system development as it may contribute to the life-long health of

children.

134



References:

1. Sokolowska M, Frei R, Lunjani N, Akdis CA, O'Mahony L. Microbiome and asthma.

Asthma Research and Practice. 2018;4:1.

2. Donaldson G, Ladinsky M, Yu K, Sanders J, Yoo B, Chou W, Conner M, Earl A,
Knight R, Bjorkman P, Mazmanian S. Gut microbiota utilize immunoglobulin A for

mucosal colonization. Science. 2018;360(6390):eaaq0926.

3. Catanzaro JR, Strauss JD, Bielecka A, Porto AF, Lobo FM, Urban A, Schofield WB,
Palm NW. IgA-deficient humans exhibit gut microbiota dysbiosis despite secretion of

compensatory IgM. Sci Rep-uk. 2019;9(1):13574.

4. Dzidic M, Abrahamsson TR, Artacho A, Bjorksten B, Collado M, Mira A, Jenmalm
MC. Aberrant IgA responses to the gut microbiota during infancy precede asthma

and allergy development. Journal of Allergy and Clinical Immunology.

2017;139(3):1017-1025.e14.

5. Kukkonen K, Kuitunen M, Haahtela T, Korpela R, Poussa T, Savilahti E. High
intestinal IgA associates with reduced risk of IgE-associated allergic diseases.

Pediatric Allergy and Immunology. 2010;21(1 Pt 1):67-73.

6. Fageras M, Tomii S, Voor T, Bjorkstén B, Jenmalm MC. Slow Salivary Secretory IgA

Maturation May Relate to Low Microbial Pressure and Allergic Symptoms in

Sensitized Children. Pediatr Res. 2011;70(6):572-7.

135



7. Martino D, Currie H, Taylor A, Conway P, Prescott S. Relationship between early
intestinal colonization, mucosal immunoglobulin A production and systemic immune

development. Clin Exp Allergy. 2007;0(0):071101015606001-?7??

8. Mantis N, Rol N, Corthésy B. Secretory IgA’'s complex roles in immunity and

mucosal homeostasis in the gut. Mucosal Immunol. 2011;4(6):603-11.

9. Atkinson PT. Is asthma an infectious disease? New evidence. Curr Allergy Asthma

Rep. 2013;13(6):702-9.

10. Gopalakrishna KP, Macadangdang BR, Rogers MB, Tometich JT, Firek BA, Baker
R, Ji J, Burr AH, Ma C, Good M, Morowitz MJ, Hand TW. Maternal IgA protects against
the development of necrotizing enterocolitis in preterm infants. Nat Med.

2019;25(7):1110-5.

11. Azad, Konya T, Guttman D, Field C, Sears M, HayGlass K, Mandhane P, Turvey S,
Subbarao P, Becker A, Scott J, Kozyrskyj A. Infant gut microbiota and food

sensitization: associations in the first year of life. Clin Exp Allergy. 2015;45(3):632-43.

12. Kim W-J, Choi IS, Kim C, Lee J-H, Kang H-W. Relationship between serum IgA
level and allergy/asthma. The Korean Journal of Internal Medicine. 2017;32(1):137-
45.

13. Ludvigsson JF, Neovius M, Hammarstrom L. Risk of Infections Among 2100
Individuals with IgA Deficiency: a Nationwide Cohort Study. Journal of Clinical

Immunology. 2016;36(2):134-40.

136



14. Urm S-H, Yun H, Fenta YA, Yoo K, Abraham RS, Hagan J, Juhn YJ. Asthma and
Risk of Selective IgA Deficiency or Common Variable Immunodeficiency: A

Population-Based Case-Control Study. Mayo Clinic Proceedings. 2013;88(8):813-21.

15. Ludviksson B, Eiriksson T, Ardal B, Sigfusson A, Valdimarsson H. Correlation
between serum immunoglobulin A concentrations and allergic manifestations in

infants. J Pediatrics. 1992;121(1):23-7.

16. Mandi¢ Z, Marusi¢ M, Borani¢ M. Low levels of immunoglobulin A in children with
intrinsic asthma: a possible protection against atopy. Med Hypotheses.

2004;62(4):600-4.

17. Pesonen M, Kallio M, Siimes M, Savilahti E, Ranki A. Serum immunoglobulin A
concentration in infancy, but not human milk immunoglobulin A, is associated with
subsequent atopic manifestations in children and adolescents: a 20-year prospective

follow-up study. Clin Exp Allergy. 2011;41(5):688-96.

18. Russell CD, Unger SA, Walton M, Schwarze J. The Human Immune Response to

Respiratory Syncytial Virus Infection. Clin Microbiol Rev. 2017;30(2):481-502.

19. Simoes EA, Carbonell-Estrany X, Rieger CH, Mitchell |, Fredrick L, Groothuis JR.
The effect of respiratory syncytial virus on subsequent recurrent wheezing in atopic

and nonatopic children. Journal of Allergy and Clinical Immunology.

2010;126(2):256-62.

137



20. Schauer U, Hoffjan S, Bittscheidt J, Kochling A, Hemmis S, Bongartz S, Stephan V.
RSV bronchiolitis and risk of wheeze and allergic sensitisation in the first year of life.

Eur Respir J. 2002;20(5):1277-83.

21.de Alarcon A, Walsh EE, Carper HT, Russa JB, Evans BA, Rakes GP, Platts-Mills TA,
Heymann PW. Detection of IgA and IgG but not IgE antibody to respiratory syncytial

virus in nasal washes and sera from infants with wheezing. J Pediatrics.

2001;138(3):311-7.

22. Wilmore JR, Gaudette BT, Atria D, Hashemi T, Jones DD, Gardner CA, Cole SD,
Misic AM, Beiting DP, Allman D. Commensal Microbes Induce Serum IgA Responses

that Protect against Polymicrobial Sepsis. Cell Host Microbe. 2018;23(3):302-311.e3.

23. Takaro TK, Scott JA, Allen RW, Anand SS, Becker AB, Befus DA, Brauer M, Duncan
J, Lefebvre DL, Lou W, Mandhane PJ, McLean KE, Miller G, Sbihi H, Shu H, Subbarao
P, Turvey SE, Wheeler AJ, Zeng L, Sears MR, Brook JR. The Canadian Healthy Infant
Longitudinal Development (CHILD) birth cohort study: assessment of environmental

exposures. Journal of Exposure Science and Environmental Epidemiology.

2015;25(6):580-92.

24. Subbarao P, Anand SS, Becker AB, Befus DA, Brauer M, Brook JR, Denburg JA,
HayGlass KT, Kobor MS, Kollmann TR, Kozyrskyj AL, Lou WW, Mandhane PJ, Miller
GE, Moraes TJ, Pare PD, Scott JA, Takaro TK, Turvey SE, ncan J, Lefebvre DL, Sears
MR. The Canadian Healthy Infant Longitudinal Development (CHILD) Study:
examining developmental origins of allergy and asthma. Thorax. 2015;70(10):998-
1000.

138



25. Maghera A, Kahlke P, Lau A, Zeng Y, Hoskins C, Corbett T, Manca D, Lacaze-
Masmonteil T, Hemmings D, Mandhane P. You are how you recruit: a cohort and
randomized controlled trial of recruitment strategies. BMC medical research

methodology. 2014;14(1):111-8.

26. Shrier |, Platt RW. Reducing bias through directed acyclic graphs. BMC medical
research methodology. 2008;8(1):70-15.

27. Matt V, Matthew H. The retrospective chart review: important methodological

considerations. J Educ Evaluation Heal Prof. 2013;10:12.

139



Bibliography

Abt, M. C., Osborne, L. C., Monticelli, L. A., Doering, T. A., Alenghat, T., Sonnenberg,
G. F., Paley, M. A., Antenus, M., Williams, K. L., Erikson, J., Wherry, J. E., & Artis, D.
(2012). Commensal Bacteria Calibrate the Activation Threshold of Innate Antiviral

Immunity. Immunity, 37(1), 158-170. https://doi.org/10.1016/j.immuni.2012.04.011

Azad, Konya, T., Guttman, D., Field, C., Sears, M., HayGlass, K., Mandhane, P., Turvey,
S., Subbarao, P., Becker, A., Scott, J., & Kozyrskyj, A. (2015). Infant gut microbiota and
food sensitization: associations in the first year of life. Clin Exp Allergy, 45(3), 632-643.
https://doi.org/10.1111/cea.12487

Azad, Konya, T., Persaud, R., Guttman, D., Chari, R., Field, C., Sears, M., Mandhane, P.,
Turvey, S., Subbarao, P., Becker, A., Scott, J., Kozyrskyj, A., & Investigators, C. (2016).
Impact of maternal intrapartum antibiotics, method of birth and breastfeeding on gut
microbiota during the first year of life: a prospective cohort study. BJOG: An
International Journal of Obstetrics & Gynaecology, 123(6), 983-993.
https://doi.org/10.1111/1471-0528.13601

Azad, M., & Kozyrskyj, A. L. (2011). Perinatal programming of asthma: the role of gut
microbiota. Clinical & Developmental Immunology, 2012, 932072.
https://doi.org/10.1155/2012/932072

Azad, M., Vehling, L., Lu, Z., Dai, D., Subbarao, P., Becker, A. B., Mandhane, P. J,,

Turvey, S. E., Lefebvre, D. L., Sears, M. R., & and the Investigators, C. (2017).

Breastfeeding, maternal asthma and wheezing in the first year of life: a longitudinal

140



birth cohort study. The European Respiratory Journal, 49(5), 1602019.
https://doi.org/10.1183/13993003.02019-2016

Alwan, w., record, f., & openshaw, p. (2008). CD4+ T cells clear virus but augment
disease in mice infected with respiratory syncytial virus. Comparison with the effects
of CD8+ T cells. Clinical & Experimental Immunology, 88(3), 527-536.
https://doi.org/10.1111/j.1365-2249.1992.tb06482.x

Atkinson, P. T. (2013). Is asthma an infectious disease? New evidence. Curr Allergy

Asthma Rep, 13(6), 702-709. https://doi.org/10.1007/s11882-013-0390-8

Beck, J. M., Young, V. B., & Huffnagle, G. B. (2012). The microbiome of the lung.
Translational Research, 160(4), 258-266. https://doi.org/10.1016/j.trs|.2012.02.005

Ben-Gashir, M., Seed, P., & Hay, R. (2004). Quality of life and disease severity are
correlated in children with atopic dermatitis. British Journal of Dermatology, 150(2),

284-290. https://doi.org/10.1111/j.1365-2133.2004.05776.x

Berin, C. M. (2012). Mucosal antibodies in the regulation of tolerance and allergy to
foods. Seminars in Immunopathology, 34(5), 633-642.
https://doi.org/10.1007/s00281-012-0325-9

Biedermann, L., Zeitz, J., Mwinyi, J., Sutter-Minder, E., Rehman, A., Ott, S. J., Steurer-
Stey, C., Frei, A., Frei, P., Scharl, M., Loessner, M. J., Vavricka, S. R., Fried, M.,
Schreiber, S., Schuppler, M., & Rogler, G. (2013). Smoking Cessation Induces

Profound Changes in the Composition of the Intestinal Microbiota in Humans. PLoS

141



One, 8(3), €59260. https://doi.org/10.1371/journal.pone.0059260

Bisgaard, H., Li, N., Bonnelykke, K., Chawes, B., Skov, T., Paludan-Mdiller, G.,
Stokholm, J., Smith, B., & Krogfelt, K. (2011). Reduced diversity of the intestinal
microbiota during infancy is associated with increased risk of allergic disease at

school age. Journal of Allergy and Clinical Immunology, 128(3), 646-652.e5.

Booth, C. K., Dwyer, D. B., Pacque, P. F., & Ball, M. J. (2009). Measurement of
immunoglobulin A in saliva by particle-enhanced nephelometric immunoassay:
sample collection, limits of quantitation, precision, stability and reference range.
Annals of Clinical Biochemistry, 46(5), 401-406.
https://doi.org/10.1258/acb.2009.008248

Boulet, L. -P. (2013). Asthma and obesity. Clinical & Experimental Allergy, 43(1), 8-21.
https://doi.org/10.1111/].1365-2222.2012.04040.x

Boutin, R. C., Dwyer, Z., Farmer, K., Rudyk, C., Forbes, M. R., & Hayley, S. (2018).
Perinatal antibiotic exposure alters composition of murine gut microbiota and may

influence later responses to peanut antigen. Allergy, Asthma & Clinical Imnmunology,

14(1), 42. https://doi.org/10.1186/s13223-018-0263-8

Bouvet, J., & Fischetti, V. (1999). Diversity of antibody-mediated immunity at the

mucosal barrier. Infection and Immunity, 67(6), 2687-2691.

Brandtzaeg, P. (2003). Mucosal immunity: integration between mother and the

breast-fed infant. Vaccine, 21(24), 3382-3388. https://doi.org/10.1016/s0264-

142



410x(03)00338-4

Brandtzaeg, P, Nilssen, D., Rognum, T., & Thrane, P. (1991). Ontogeny of the mucosal
immune system and IgA deficiency. Gastroenterology Clinics of North America, 20(3),

397-439.

Brandtzaeg, Per. (2010). The mucosal immune system and its integration with the
mammary glands. J Pediatr, 156(2 Suppl), S8-15.
https://doi.org/10.1016/.jpeds.2009.11.014

Bridgman, S., Konya, T., ad, Sears, M., Becker, A., Turvey, S., Mandhane, P., Subbarao,
P., Scott, J., Field, C., & Kozyrskyj, A. (2016). Infant gut immunity: a preliminary study
of IgA associations with breastfeeding. Journal of Developmental Origins of Health

and Disease, 7(1), 68-72. https://doi.org/10.1017/s2040174415007862

Bridgman, S. L., Konya, T., ad, M., Guttman, D. S., Sears, M. R., Becker, A. B, Turvey, S.
E., Mandhane, P. J., Subbarao, P., Investigators, C., Scott, J. A, Field, C. J., &
Kozyrskyj, A. L. (2016). High fecal IgA is associated with reduced Clostridium difficile
colonization in infants. Microbes and Infection, 18(9), 543-549.

https://doi.org/10.1016/j.micinf.2016.05.001
Bridgman, S. L., Kozyrskyj, A. L., Scott, J. A., Becker, A. B., & ad, M. (2016). Gut
microbiota and allergic disease in children. Annals of Allergy, Asthma & Immunology,

116(2), 99-105. https://doi.org/10.1016/j.anai.2015.10.001

Brown, R. L., Sequeira, R. P., & Clarke, T. B. (2017). The microbiota protects against

143



respiratory infection via GM-CSF signaling. Nature Communications, 8(1), 1512.

https://doi.org/10.1038/s41467-017-01803-x

Capurso, G., & Lahner, E. (2017). The interaction between smoking, alcohol and the
gut microbiome. Best Practice & Research Clinical Gastroenterology, 31(5), 579-588.
https://doi.org/10.1016/j.bpg.2017.10.006

Caramori, G., Papadopoulos, N., Contoli, M., Marku, B., Forini, G., Pauletti, A.,
Johnston, S. L., & Papi, A. (2012). Asthma: a chronic infectious disease? Clinics in

Chest Medicine, 33(3), 473-484. https://doi.org/10.1016/j.ccm.2012.06.009

Carroll, C. L., Balkrishnan, R., Feldman, S. R., Fleischer, A. B., & Manuel, J. C. (2005).
The burden of atopic dermatitis: impact on the patient, family, and society. Pediatric

Dermatology, 22(3), 192-199. https://doi.org/10.1111/j.1525-1470.2005.22303.x

Carroll, K. N., Gebretsadik, T., Griffin, M. R., Dupont, W. D., Mitchel, E. F., Wu, P.,
Enriquez, R., & Hartert, T. V. (2007). Maternal Asthma and Maternal Smoking Are

Associated With Increased Risk of Bronchiolitis During Infancy. Pediatrics, 119(6),
1104-1112. https://doi.org/10.1542/peds.2006-2837

Castro-Rodriguez, J. A. (2010). The Asthma Predictive Index: A very useful tool for
predicting asthma in young children. Journal of Allergy and Clinical Immunology,

126(2), 212-216. https://doi.org/10.1016/j.jaci.2010.06.032

Catanzaro, J. R., Strauss, J. D., Bielecka, A., Porto, A. F., Lobo, F. M., Urban, A.,
Schofield, W. B., & Palm, N. W. (2019). IgA-deficient humans exhibit gut microbiota

144



dysbiosis despite secretion of compensatory IgM. Scientific Reports, 9(1), 13574.
https://doi.org/10.1038/s41598-019-49923-2

Celani, C., Zicari, A., Lollobrigida, V., Marcelli, A., Carbone, M., Vittori, V., & Duse, M.
(2013). Selective IgA deficiency and the risk of asthma. Eur Respir J, 42(Suppl 57),
P3146.

Chen, L.-W., Chen, P.-H., & Hsu, C.-M. (2011). Commensal Microflora Contribute to
Host Defense Against Escherichia Coli Pneumonia Through Toll-Like Receptors.

Shock, 36(1), 67-75. https://doi.org/10.1097/shk.0b013e3182184ee7

Cheng, M.-M., Huang, C.-F., Yang, L.-Y., Lin, Y.-G., Peng, H.-J., Chang, C.-Y., Sheng,
C.-C., & Wu, T.-C. (2012). Development of serum IgA and IgM levels in breast-fed and
formula-fed infants during the first week of life. Early Human Development, 88(9),

743-745. https://doi.org/10.1016/j.earlhumdev.2012.03.005

Cho, I., & Blaser, M. J. (2012). The human microbiome: at the interface of health and

disease. Nature Reviews Genetics, 13(4), 260-270. https://doi.org/10.1038/nrg3182

Cockceroft, D. W., & Davis, B. E. (2006). Mechanisms of airway hyperresponsiveness.
Journal of Allergy and Clinical Immunology, 118(3), 551-559.
https://doi.org/10.1016/.jaci.2006.07.012

Collado, M., Isolauri, E., Laitinen, K., & Salminen, S. (2010). Effect of mother’s weight

on infant’s microbiota acquisition, composition, and activity during early infancy: a

prospective follow-up study initiated in early pregnancy. Am J Clin Nutr, 92(5), 1023-

145



1030. https://doi.org/10.3945/ajcn.2010.29877

Consortium, T., Huttenhower, C., Gevers, D., Knight, R., Abubucker, S., Badger, J. H.,
Chinwalla, A. T., Creasy, H. H., Earl, A. M., FitzGerald, M. G., Fulton, R. S., Giglio, M. G,
Hallsworth-Pepin, K., Lobos, E. A., Madupu, R., Magrini, V., Martin, J. C., Mitreva, M.,
Muzny, D. M., ... White, O. (2012). Structure, function and diversity of the healthy
human microbiome. Nature, 486(7402), 207-214.
https://doi.org/10.1038/nature11234

Cryan, J., & O'Mahony, S. (2011). The microbiome-gut-brain axis: from bowel to
behavior. Neurogastroenterology & Motility, 23(3), 187-192.
https://doi.org/10.1111/].1365-2982.2010.01664 .x

da Pereira, J., Rea, K., Nolan, Y. M., O’Leary, O. F., Dinan, T. G., & Cryan, J. F. (2017).
Depression’s Unholy Trinity: Dysregulated Stress, Immunity, and the Microbiome.
Annu. Rev. Psychol., 71(1), annurev-psych-122216-011613.
https://doi.org/10.1146/annurev-psych-122216-011613

Dash, S., Clarke, G., Berk, M., & Jacka, F. N. (2015). The gut microbiome and diet in

psychiatry: focus on depression. Current Opinion in Psychiatry, 28(1).

de Alarcon, A., Walsh, E. E., Carper, H. T., Russa, J. B, Evans, B. A., Rakes, G. P., Platts-
Mills, T. A., & Heymann, P. W. (2001). Detection of IgA and IgG but not IgE antibody
to respiratory syncytial virus in nasal washes and sera from infants with wheezing. The

Journal of Pediatrics, 138(3), 311-317. https://doi.org/10.1067/mpd.2001.111277

146



Demers-Mathieu, V., Huston, R. K., Markell, A. M., McCulley, E. A., Martin, R. L.,
Spooner, M., & Dallas, D. C. (2019). Differences in Maternal Immunoglobulins within

Mother’'s Own Breast Milk and Donor Breast Milk and across Digestion in Preterm

Infants. Nutrients, 11(4), 920. https://doi.org/10.3390/nu11040920

Depner, M., Ege, M. J., Cox, M. J., Dwyer, S., Walker, A. W., Birzele, L. T., Genuneit, J.,
Horak, E., Braun-Fahrlander, C., Danielewicz, H., Maier, R. M., Moffatt, M. F., Cookson,
W. O., Heederik, D., von Mutius, E., & Legatzki, A. (2017). Bacterial microbiota of the
upper respiratory tract and childhood asthma. Journal of Allergy and Clinical

Immunology, 139(3), 826-834.e13. https://doi.org/10.1016/j.jaci.2016.05.050

Dixon, D.-L. (2015). The Role of Human Milk Immunomodulators in Protecting Against
Viral Bronchiolitis and Development of Chronic Wheezing lliness. Children (Basel,

Switzerland), 2(3), 289-304. https://doi.org/10.3390/children2030289

Donaldson, G., Ladinsky, M., Yu, K., Sanders, J., Yoo, B., Chou, W., Conner, M., Earl,
A., Knight, R., Bjorkman, P., & Mazmanian, S. (2018). Gut microbiota utilize
immunoglobulin A for mucosal colonization. Science, 360(6390), eaaq0926.

https://doi.org/10.1126/science.aaq0926
Dtzaeg, P. (2010). Review article: Homing of mucosal immune cells-a possible
connection between intestinal and articular inflammation. Alimentary Pharmacology &

Therapeutics, 11(s3), 24-39. https://doi.org/10.1111/j.1365-2036.1997.tb00806.x

Dzidic, M., Abrahamsson, T. R., Artacho, A., Bjorksten, B., Collado, M., Mira, A., &

Jenmalm, M. C. (2017). Aberrant IgA responses to the gut microbiota during infancy

147



precede asthma and allergy development. Journal of Allergy and Clinical

Immunology, 139(3), 1017-1025.e14. https://doi.org/10.1016/j.jaci.2016.06.047

Entz, R., Rai, U., Rycroft, J., Chari, R. S., & Kozyrskyj, A. L. (2018). Regional Caesarean
Delivery Practices, the Maternal-Infant Microbiome, and Risk for Asthma. Journal of

Obstetrics and Gynaecology Canada. https://doi.org/10.1016/j.jogc.2018.01.025

Erb-Downward, J. R., Thompson, D. L., Han, M. K., Freeman, C. M., McCloskey, L.,
Schmidt, L. A, Young, V. B., Toews, G. B., Curtis, J. L., Sundaram, B., Martinez, F. J., &
Huffnagle, G. B. (2011). Analysis of the Lung Microbiome in the “Healthy” Smoker and
in COPD. PLoS ONE, 6(2), e16384. https://doi.org/10.1371/journal.pone.0016384

Fadlallah, J., Kafsi, H., Sterlin, D., Juste, C., Parizot, C., Dorgham, K., Autaa, G., Gouas,
D., Almeida, M., Lepage, P., Pons, N., Chatelier, E., Levenez, F., Kennedy, S., Galleron,
N., de Barros, J.-P., Malphettes, M., Galicier, L., Boutboul, D., ... Gorochov, G. (2018).
Microbial ecology perturbation in human IgA deficiency. Sci Transl Med, 10(439),
eaan1217. https://doi.org/10.1126/scitransImed.aan1217

Fageras, m., Tomii, s., Voor, t., Bjorkstén, b., & Jenmalm, M. C. (2011). Slow Salivary
Secretory IgA Maturation May Relate to Low Microbial Pressure and Allergic
Symptoms in Sensitized Children. Pediatric Research, 70(6), 572-577.
https://doi.org/10.1203/pdr.0b013e318232169%e

Foster, J. A., Rinaman, L., & Cryan, J. F. (2017). Stress & the gut-brain axis: Regulation

by the microbiome. Neurobiology of Stress, 7, 124-136.
https://doi.org/10.1016/j.ynstr.2017.03.001

148



Frank, D. N., Feazel, L. M., Bessesen, M. T., Price, C. S., Janoff, E. N., & Pace, N. R.
(2010). The Human Nasal Microbiota and Staphylococcus aureus Carriage. PLoS
ONE, 5(5), e10598. https://doi.org/10.1371/journal.pone.0010598

Gloudemans, A. K., Lambrecht, B. N., & Smits, H. H. (2013). Potential of
Immunoglobulin A to Prevent Allergic Asthma. Clinical and Developmental

Immunology, 2013, 542091. https://doi.org/10.1155/2013/542091

Goksér, E., Amark, M., Alm, B., Gustafsson, P. M., & Wennergren, G. (2007). The
impact of pre- and post-natal smoke exposure on future asthma and bronchial hyper-
responsiveness. Acta Paediatrica, ?6(7), 1030-1035. https://doi.org/10.1111/j.1651-
2227.2007.00296.x

Gopalakrishna, K. P., Macadangdang, B. R., Rogers, M. B., Tometich, J. T., Firek, B. A,,
Baker, R., Ji, J., Burr, A. H., Ma, C., Good, M., Morowitz, M. J., & Hand, T. W. (2019).
Maternal IgA protects against the development of necrotizing enterocolitis in preterm
infants. Nature Medicine, 25(7), 1110-1115. https://doi.org/10.1038/s41591-019-
0480-9

Grad, R., & Morgan, W. J. (2012). Long-term outcomes of early-onset wheeze and
asthma. The Journal of Allergy and Clinical Immunology, 130(2), 299-307.

https://doi.org/10.1016/j.jaci.2012.05.022

Grice, E. A., & Segre, J. A. (2011). The skin microbiome. Nature Reviews Microbiology,
9(4), 244-253. https://doi.org/10.1038/nrmicro2537

149



Hagh, G. L., Zakavi, F., Ansarifar, S., Ghasemzadeh, O., & Solgi, G. (2013). Association
of dental caries and salivary slgA with tobacco smoking. Australian Dental Journal,

58(2), 219-223. https://doi.org/10.1111/adj.12059

Hahn, D., Anttila, T., & Saikku, P. (1996). Association of Chlamydia pneumoniae IgA
antibodies with recently symptomatic asthma. Epidemiology and Infection, 117(3),

513-517.

Hansen, I. S., Baeten, D. L., & den Dunnen, J. (2019). The inflammatory function of
human IgA. Cellular and Molecular Life Sciences, 76(6), 1041-1055.
https://doi.org/10.1007/s00018-018-2976-8

Henderson, J., Granell, R., Heron, J., Sherriff, A., Simpson, A., Woodcock, A,,
Strachan, D., Shaheen, S., & Sterne, J. (2008). Associations of wheezing phenotypes in

the first 6 years of life with atopy, lung function and airway responsiveness in mid-

childhood. Thorax, 63(11), 974-980. https://doi.org/10.1136/thx.2007.093187

Heul, A., Planer, J., & Kau, A. L. (2018). The Human Microbiota and Asthma. Clinical
Reviews in Allergy & Immunology, 100(94-103), 1-14.
https://doi.org/10.1007/s12016-018-8719-7

Hilty, M., Burke, C., Pedro, H., Cardenas, P., Bush, A., Bossley, C., Davies, J., Ervine, A,,
Poulter, L., Pachter, L., Moffatt, M. F., & Cookson, W. O. (2010). Disordered microbial

communities in asthmatic airways. PLoS One, 5(1), e8578.

https://doi.org/10.1371/journal.pone.0008578

150



Hua, M.-C., Yao, T.-C., Chen, C.-C., Tsai, M.-H., Liao, S.-L., Lai, S.-H., Chiu, C.-Y., Su, K.-
W., Yeh, K.-W., & Huang, J.-L. (2017). Introduction of various allergenic foods during
infancy reduces risk of IgE sensitization at 12 months of age: a birth cohort study.

Pediatr Res, 82(5), 733-740. https://doi.org/10.1038/pr.2017.174

Huang, Y. J., Nelson, C. E., Brodie, E. L., DeSantis, T. Z., Baek, M. S., Liu, J., Woyke, T,
Allgaier, M., Bristow, J., Wiener-Kronish, J. P., Sutherland, R. E., King, T. S., Icitovic, N.,
Martin, R. J., Calhoun, W. J., Castro, M., Denlinger, L. C., DiMango, E., Kraft, M., ...
and Heart, B. (2011). Airway microbiota and bronchial hyperresponsiveness in
patients with suboptimally controlled asthma. Journal of Allergy and Clinical

Immunology, 127(2), 372-381.e3. https://doi.org/10.1016/j.jaci.2010.10.048

Ichinohe, T., Pang, I. K., Kumamoto, Y., Peaper, D. R., Ho, J. H., Murray, T. S., &
lwasaki, A. (2011). Microbiota regulates immune defense against respiratory tract
influenza A virus infection. Proceedings of the National Academy of Sciences, 108(13),

5354-5359. https://doi.org/10.1073/pnas. 1019378108

Ismaila, A. S., Sayani, A. P., Marin, M., & Su, Z. (2013). Clinical, economic, and
humanistic burden of asthma in Canada: a systematic review. BMC Pulmonary

Medicine, 13, 70-70.

lversen, R., Snir, O., Stensland, M., Kroll, J. E., Steinsbo, O., Korponay-Szabo, I. R,
Lundin, K. E., de Souza, G. A., & llid, L. (2017). Strong Clonal Relatedness between
Serum and Gut IgA despite Different Plasma Cell Origins. Cell Reports, 20(10), 2357-
2367. https://doi.org/10.1016/j.celrep.2017.08.036

151



Janzi, M., Kull, I, Sjoberg, R., Wan, J., Melen, E., Bayat, N., Ostblom, E., Pan-
Hammarstrom, Q., Nilsson, P., & Hammarstrom, L. (2009). Selective IgA deficiency in
early life: association to infections and allergic diseases during childhood. Clinical
Immunology (Orlando, Fla.), 133(1), 78-85.
https://doi.org/10.1016/j.clim.2009.05.014

Kaetzel, C. S.(2014). Cooperativity among secretory IgA, the polymeric
immunoglobulin receptor, and the gut microbiota promotes host-microbial

mutualism. Immunology Letters, 162(2 Pt A), 10-21.

Kalliomaki, M., Salminen, S., Arvilommi, H., Kero, P., Koskinen, P., & Isolauri, E. (2001).
Probiotics in primary prevention of atopic disease: a randomised placebo-controlled

trial. Lancet, 357(9262), 1076-1079. https://doi.org/10.1016/s0140-6736(00)04259-8

Kandasamy, S., Chattha, K. S., Vlasova, A. N., Rajashekara, G., & Saif, L. J. (2014).
Lactobacilli and Bifidobacteria enhance mucosal B cell responses and differentially
modulate systemic antibody responses to an oral human rotavirus vaccine in a
neonatal gnotobiotic pig disease model. Gut Microbes, 5(5), 639-651.

https://doi.org/10.4161/19490976.2014.969972

Kang, L. J., Koleva, P. T., Field, C. J., Giesbrecht, G. F., Wine, E., Becker, A. B.,
Mandhane, P. J., Turvey, S. E., Subbarao, P., Sears, M. R, Scott, J. A., & Kozyrskyj, A. L.
(2018). Maternal depressive symptoms linked to reduced fecal Immunoglobulin A

concentrations in infants. Brain, Behavior, and Immunity, 68, 123-131.

https://doi.org/10.1016/j.bbi.2017.10.007

152



Kang, Y., Cai, Y., & Zhang, H. (2017). Gut microbiota and allergy/asthma: From

pathogenesis to new therapeutic strategies. Allergologia et Inmunopathologia, 45(3),

305-309. https://doi.org/10.1016/j.aller.2016.08.004

Kardar, G., Oraei, M., ahsavani, Namdar, Z., Kazemisefat, G., Ashtiani, M., Shams, S.,
Pourpak, Z., & Moin, M. (2012). Reference Intervals for Serum Immunoglobulins IgG,
IgA, IgM and Complements C3 and C4 in Iranian Healthy Children. Iranian Journal of
Public Health, 41(7), 59-63.

Kett, K., Baklien, K., Bakken, A., Kral, J. G., Fausa, O., & Brandtzaeg, P. (1995).
Intestinal B-cell isotype response in relation to local bacterial load: Evidence for
immunoglobulin A subclass adaptation. Gastroenterology, 109(3), 819-825.
https://doi.org/10.1016/0016-5085(95)90389-5

Kim, H., Sitarik, A. R., Woodcroft, K., Johnson, C., & Zoratti, E. (2019). Birth Mode,
Breastfeeding, Pet Exposure, and Antibiotic Use: Associations With the Gut
Microbiome and Sensitization in Children. Curr Allergy Asthma Rep, 19(4), 22.
https://doi.org/10.1007/s11882-019-0851-9

Kim, T., Thomas, S. M., Ho, M., Sharma, S., Reich, C. I., Frank, J. A., Yeater, K. M.,
Biggs, D. R., Nakamura, N., Stumpf, R., Leigh, S. R., Tapping, R. ., Blanke, S. R., Slauch,
J. M., Gaskins, R. H., Weisbaum, J. S., Olsen, G. J., Hoyer, L. L., & Wilson, B. A. (2009).
Heterogeneity of Vaginal Microbial Communities within Individuals v #. Journal of

Clinical Microbiology, 47(4), 1181-1189. https://doi.org/10.1128/jcm.00854-08

153



Kim, W.-J., Choi, I. S, Kim, C., Lee, J.-H., & Kang, H.-W. (2017). Relationship between
serum IgA level and allergy/asthma. The Korean Journal of Internal Medicine, 32(1),

137-145. https://doi.org/10.3904/kjim.2014.160

Koenig, J., Spor, A., Scalfone, N., Fricker, A., Stombaugh, J., Knight, R., Angenent, L.,
& Ley, R.(2011). Succession of microbial consortia in the developing infant gut
microbiome. Proceedings of the National Academy of Sciences, 108(Supplement_1),

4578-4585. https://doi.org/10.1073/pnas. 1000081107

Koleva, P., Meng, X., Elahi, S., Chen, H., Dunsmore, G., Madsen, K. L., Dieleman, L. A,
Ambrosio, L., Hotte, N., Sutton, R., Nguyen, V., Elloumi, Y., Huang, V., & Wu, R. (2018).
The Profile of Human Milk Metabolome, Cytokines, and Antibodies in Inflammatory
Bowel Diseases Versus Healthy Mothers, and Potential Impact on the Newborn.

https://doi.org/10.1093/ecco-jcc/jjy186

Korpela, K., Salonen, A., Vepsaladinen, O., Suomalainen, M., Kolmeder, C., Varjosalo,
M., Miettinen, S., Kukkonen, K., Savilahti, E., Kuitunen, M., & de Vos, W. M. (2018).
Probiotic supplementation restores normal microbiota composition and function in
antibiotic-treated and in caesarean-born infants. Microbiome, 6(1), 182.

https://doi.org/10.1186/s40168-018-0567-4
Kozyrskyj, A., Letourneau, N., Kang, L., & Imani. (2016). Associations between
postpartum depressive symptoms and childhood asthma diminish with child age. Clin

Exp Allergy, 47(3), 324-330. https://doi.org/10.1111/cea.12837

Kristensen, K., Fisker, N., Haerskjold, A., Ravn, H., Simdes, E. A., & Stensballe, L.

154



(2015). Caesarean section and hospitalization for respiratory syncytial virus infection:
a population-based study. The Pediatric Infectious Disease Journal, 34(2), 145-148.
https://doi.org/10.1097/inf.0000000000000552

Kukkonen, K., Kuitunen, M., Haahtela, T., Korpela, R., Poussa, T., & Savilahti, E. (2010).
High intestinal IgA associates with reduced risk of IgE-associated allergic diseases.
Pediatric Allergy and Immunology, 21(1 Pt 1), 67-73. https://doi.org/10.1111/j.1399-
3038.2009.00907 .x

Ladjemi, M., Gras, D., Dupasquier, S., Detry, B., Lecocq, M., Garulli, C., Fregimilicka,
C., Bouzin, C., Gohy, S., Chanez, P., & Pilette, C. (2018). Bronchial Epithelial IgA
Secretion Is Impaired in Asthma. Role of IL-4/IL-13. American Journal of Respiratory
and Critical Care Medicine, 197(11), 1396-1409.
https://doi.org/10.1164/rccm.201703-05610c

Lagier, J.-C., Dubourg, G., Million, M., Cadoret, F., Bilen, M., Fenollar, F., Levasseur,
A., Rolain, J.-M., Fournier, P.-E., & Raoult, D. (2018). Culturing the human microbiota
and culturomics. Nature Reviews Microbiology, 16(9), 540-550.
https://doi.org/10.1038/s41579-018-0041-0

Lannerd, E., Wickman, M., Pershagen, G., & Nordvall, L. (2006). Maternal smoking
during pregnancy increases the risk of recurrent wheezing during the first years of life

(BAMSE). Respiratory Research, 7(1), 3-3.

Lee, K., Gordon, A., Shedden, K., Kuan, G., Ng, S., Balmaseda, A., & Foxman, B.

(2019). The respiratory microbiome and susceptibility to influenza virus infection.

155



PLOS ONE, 14(1), e0207898. https://doi.org/10.1371/journal.pone.0207898

Lewis-Jones, S. (2006). Quality of life and childhood atopic dermatitis: the misery of
living with childhood eczema. International Journal of Clinical Practice, 60(8), 984-

992. https://doi.org/10.1111/j.1742-1241.2006.01047 .x

Lodge, C. J., & Dharmage, S. C. (2016). Breastfeeding and perinatal exposure, and
the risk of asthma and allergies. Current Opinion in Allergy and Clinical Imnmunology,

16(3), 231-236. https://doi.org/10.1097/aci.0000000000000266

Loewen, K., Monchka, B., Mahmud, S. M., Jong, G., & ad, M. (2018). Prenatal
antibiotic exposure and childhood asthma: a population-based study. The European

Respiratory Journal, 52(1), 1702070. https://doi.org/10.1183/13993003.02070-2017

Ludvigsson, J. F., Neovius, M., & Hammarstrom, L. (2016). Risk of Infections Among
2100 Individuals with IgA Deficiency: a Nationwide Cohort Study. Journal of Clinical
Immunology, 36(2), 134-140. https://doi.org/10.1007/s10875-015-0230-9

Ladviksson, B., Eiriksson, T., Ardal, B., Sigfasson, A., & Valdimarsson, H. (1992).
Correlation between serum immunoglobulin A concentrations and allergic
manifestations in infants. The Journal of Pediatrics, 121(1), 23-27.

https://doi.org/10.1016/s0022-3476(05)82535-1

Macpherson, A. J., & Harris, N. L. (2004). Interactions between commensal intestinal
bacteria and the immune system. Nature Reviews Immunology, 4(6), 478-485.

https://doi.org/10.1038/nri1373

156



Macpherson, A. J., & McCoy, K. D. (2015). Independence Day for IgA. Immunity,
43(3), 416-418.

Madan, J., Koestler, D., Stanton, B., Davidson, L., Moulton, L., Housman, M., Moore, J.,
Guill, M., Morrison, H., Sogin, M., Hampton, T., Karagas, M., Palumbo, P., Foster, J.,
Hibberd, P., & O'Toole, G. (2012). Serial Analysis of the Gut and Respiratory
Microbiome in Cystic Fibrosis in Infancy: Interaction between Intestinal and
Respiratory Tracts and Impact of Nutritional Exposures. MBio, 3(4), e00251-12.
https://doi.org/10.1128/mbio.00251-12

Maghera, A., Kahlke, P., Lau, A., Zeng, Y., Hoskins, C., Corbett, T., Manca, D., Lacaze-
Masmonteil, T., Hemmings, D., & Mandhane, P. (2014). You are how you recruit: a

cohort and randomized controlled trial of recruitment strategies. BMC Medical

Research Methodology, 14(1), 111-118. https://doi.org/10.1186/1471-2288-14-111

Magri, G., Comerma, L., Pybus, M., Sintes, J., Llige, D., Segura-Garzon, D., Bascones,
S., Yeste, A., Grasset, E. K., Gutzeit, C., Uzzan, M., Ramanujam, M., van Zelm, M. C,,
Albero-Gonzalez, R., Vazquez, ., Iglesias, M., Serrano, S., Marquez, L., Mercade, E,, ...
Cerutti, A. (2017). Human Secretory IgM Emerges from Plasma Cells Clonally Related
to Gut Memory B Cells and Targets Highly Diverse Commensals. Immunity, 47(1),
118-134.e8. https://doi.org/10.1016/j.immuni.2017.06.013

Mandi¢, Z., Marusi¢, M., & Boranié, M. (2004). Low levels of immunoglobulin Ain

children with intrinsic asthma: a possible protection against atopy. Medical

Hypotheses, 62(4), 600-604. https://doi.org/10.1016/j.mehy.2003.10.011

157



Mantis, N., Rol, N., & Corthésy, B. (2011). Secretory IgA’s complex roles in immunity
and mucosal homeostasis in the gut. Mucosal Immunology, 4(6), 603-611.

https://doi.org/10.1038/mi.2011.41

Martino, D., Currie, H., Taylor, A., Conway, P., & Prescott, S. (2007). Relationship
between early intestinal colonization, mucosal immunoglobulin A production and

systemic immune development. Clinical & Experimental Allergy, 0(0),

071101015606001-??? https://doi.org/10.1111/j.1365-2222.2007.02856.x

Matamoros, S., Gras-Leguen, C., Vacon, F., Potel, G., & de Cochetiere, M.-F. (2013).
Development of intestinal microbiota in infants and its impact on health. Trends in

Microbiology, 21(4), 167-173.

Matt, V., & Matthew, H. (2013). The retrospective chart review: important

methodological considerations. Journal of Educational Evaluation for Health

Professions, 10, 12. https://doi.org/10.3352/jeehp.2013.10.12

Mirpuri J, Raetz M, Sturge CR, Wilhelm CL, Benson A, Savani RC, Hooper LV,
Yarovinsky F. Proteobacteria-specific IgA regulates maturation of the intestinal

microbiota. Gut Microbes. 2013;5(1):28-39.

Molnar, D. S., Granger, D. A., Shisler, S., & Eiden, R. D. (2018). Prenatal and postnatal
cigarette and cannabis exposure: Effects on Secretory Immunoglobulin A in early

childhood. Neurotoxicology and Teratology, 67, 31-36.
https://doi.org/10.1016/j.ntt.2018.03.003

158



Moraes, T., Lefebvre, D., Chooniedass, R., Becker, A., Brook, J., Denburg, J.,
HayGlass, K., Hegele, R., Kollmann, T., Macri, J., Mandhane, P., Scott, J., Subbarao, P.,
Takaro, T., Turvey, S., Duncan, J., Sears, M., Befus, A., & Investigators, C. (2014). The
Canadian healthy infant longitudinal development birth cohort study: biological
samples and biobanking. Paediatric and Perinatal Epidemiology, 29(1), 84-92.
https://doi.org/10.1111/ppe.12161

Murthy, A. K., Sharma, J., Coalson, J. J., Zhong, G., & Arulanandam, B. P. (2004).
Chlamydia trachomatis pulmonary infection induces greater inflammatory pathology

in immunoglobulin A deficient mice. Cellular Inmunology, 230(1), 56-64.

Narkowicz, S., Polkowska, Z., Kielbratowska, B., & Namiesnik, J. (2015). Meconium
samples used to assess infant exposure to the components of ETS during pregnancy.

International Journal of Occupational Medicine and Environmental Health, 28(6), 955-

970. https://doi.org/10.13075/ijomeh.1896.00365

Noakes, Paul, Taylor, A., Hale, J., Breckler, L., Richmond, P., Devadason, S. G., &
Prescott, S. L. (2007). The effects of maternal smoking on early mucosal immunity and

sensitization at 12 months of age. Pediatric Allergy and Immunology, 18(2), 118-127.
https://doi.org/10.1111/].1399-3038.2006.00490.x

Noakes, PS. (2006). Maternal smoking is associated with impaired neonatal toll-like-
receptor-mediated immune responses. European Respiratory Journal, 28(4), 721-729.

https://doi.org/10.1183/09031936.06.00050206

159



Pabst, O.(2012). New concepts in the generation and functions of IgA. Nat Rev

Immunol, 12(12), 821-832. https://doi.org/10.1038/nri3322

Pabst, O., & Slack, E. (2019). IgA and the intestinal microbiota: the importance of
being specific. Mucosal Immunology, 1-10. https://doi.org/10.1038/s41385-019-
0227-4

Penders, J., Kummeling, I., & Thijs, C. (2011). Infant antibiotic use and wheeze and
asthma risk: a systematic review and meta-analysis. European Respiratory Journal,

38(2), 295-302. https://doi.org/10.1183/09031936.00105010

Perry, R., Braileanu, G., Palmer, T., & Stevens, P. (2018). The Economic Burden of
Pediatric Asthma in the United States: Literature Review of Current Evidence.

PharmacoEconomics, 37(2), 155-167. https://doi.org/10.1007/s40273-018-0726-2

Pesonen, M., Kallio, M., Siimes, M., Savilahti, E., & Ranki, A. (2011). Serum
immunoglobulin A concentration in infancy, but not human milk immunoglobulin A,
is associated with subsequent atopic manifestations in children and adolescents: a
20-year prospective follow-up study. Clinical & Experimental Allergy, 41(5), 688-696.
https://doi.org/10.1111/].1365-2222.2011.03707 .x

Possin, M. E., Morgan, S., DaSilva, D. F., Tisler, C., Pappas, T. E., Roberg, K. A,,
Anderson, E., Evans, M. D., Gangnon, R., Lemanske, R. F., & Gern, J. E. (2010). The
relationships among immunoglobulin levels, allergic sensitization, and viral

respiratory illnesses in early childhood. Pediatric Allergy and Immunology, 21(6), 990-
996. https://doi.org/10.1111/j.1399-3038.2010.01041.x

160



Quin, C., Estaki, M., Vollman, D., Barnett, J., Gill, S., & Gibson, D. (2018). Probiotic
supplementation and associated infant gut microbiome and health: a cautionary
retrospective clinical comparison. Sci Rep, 8(1), 8283.

https://doi.org/10.1038/s41598-018-26423-3

Rautava, S., Ruuskanen, O., Ouwehand, A., Salminen, S., & Isolauri, E. (2004). The
hygiene hypothesis of atopic disease--an extended version. Journal of Pediatric

Gastroenterology and Nutrition, 38(4), 378-388.

Renegar, K., Small, P., Boykins, L., & Wright, P. (2004). Role of IgA versus IgG in the
Control of Influenza Viral Infection in the Murine Respiratory Tract. The Journal of

Immunology, 173(3), 1978-1986. https://doi.org/10.4049/jimmunol.173.3.1978

Roduit, C., Scholtens, S., de Jongste, J., Wijga, A., Gerritsen, J., Postma, D.,
Brunekreef, B., Hoekstra, M., Aalberse, R., & Smit, H. (2009). Asthma at 8 years of age
in children born by caesarean section. Thorax, 64(2), 107-113.

https://doi.org/10.1136/thx.2008.100875

Rogers, G. B., van der Gast, C. J., & Serisier, D. J. (2015). Predominant pathogen
competition and core microbiota divergence in chronic airway infection. The ISME

Journal, 9(1), 217-225. https://doi.org/10.1038/ismej.2014.124
Rogier, E. W., Frantz, A. L., Bruno, M. E., Wedlund, L., Cohen, D. A., Stromberg, A. J.,

& Kaetzel, C. S.(2014). Secretory antibodies in breast milk promote long-term

intestinal homeostasis by regulating the gut microbiota and host gene expression.

161



Proceedings of the National Academy of Sciences, 111(8), 3074-3079.
https://doi.org/10.1073/pnas. 1315792111

Rol, N., Favre, L., Benyacoub, J., & Corthésy, B. (2012). The role of secretory
immunoglobulin A in the natural sensing of commensal bacteria by mouse Peyer's
patch dendritic cells. The Journal of Biological Chemistry, 287(47), 40074-40082.
https://doi.org/10.1074/jbc.m112.405001

Rolle-Kampczyk, U. E., Krumsiek, J., Otto, W., Réder, S. W., Kohajda, T., Borte, M.,
Theis, F., Lehmann, ., & von Bergen, M. (2016). Metabolomics reveals effects of

maternal smoking on endogenous metabolites from lipid metabolism in cord blood

of newborns. Metabolomics, 12(4), 76. https://doi.org/10.1007/s11306-016-0983-z

Rosychuk, R. J., Ospina, M., Zhang, J., Leigh, R., Cave, A., & Rowe, B. H. (2017). Sex
differences in outcomes after discharge from Alberta emergency departments for
asthma: A large population-based study. Journal of Asthma, 55(8), 817-825.
https://doi.org/10.1080/02770903.2017.1373805

Rudolf, M., & Logan, S. (2005). What is the long term outcome for children who fail to
thrive? A systematic review. Arch Dis Child, 90(9), 925.
https://doi.org/10.1136/adc.2004.050179

Ruiz, V., Teitler, I, Ou, A., Weber, L., Chess, E., Battaglia, T., Cadwell, K., & Blaser, M.

(2015). Dynamics of intestinal IgA expression after early-life antibiotic treatment.

(MUC9P.738). J. Immunol., 194(1 Supplement), 205.2.

162



Russell, C. D., Unger, S. A., Walton, M., & Schwarze, J. (2017). The Human Immune
Response to Respiratory Syncytial Virus Infection. Clinical Microbiology Reviews,

30(2), 481-502. https://doi.org/10.1128/cmr.00090-16

Russell, M. W., Mestecky, J., Strober, W., Lambrecht, B. N., Kelsall, B. L., & Cheroutre,
H. (2015). Chapter 1 - Overview: The Mucosal Immune System. Mucosal Immunology

(Fourth Edition), 3-8.

Sandin, A., Bjorkstén, B., Bottcher, M. F., Englund, E., Jenmalm, M. C., & Braback, L.
(2011). High salivary secretory IgA antibody levels are associated with less late-onset
wheezing in IgE-sensitized infants. Pediatric Allergy and Immunology, 22(5), 477-481.
https://doi.org/10.1111/j.1399-3038.2010.01106.x

Schauer, U., Hoffjan, S., Bittscheidt, J., Kochling, A., Hemmis, S., Bongartz, S., &
Stephan, V. (2002). RSV bronchiolitis and risk of wheeze and allergic sensitisation in
the first year of life. European Respiratory Journal, 20(5), 1277-1283.
https://doi.org/10.1183/09031936.02.00019902

Schmidt, T. S., Raes, J., & Bork, P. (2018). The Human Gut Microbiome: From
Association to Modulation. Cell, 172(6), 1198-1215.

https://doi.org/10.1016/j.cell.2018.02.044

Sears, M. R. (2015). Predicting asthma outcomes. Journal of Allergy and Clinical
Immunology, 136(4), 829-836. https://doi.org/10.1016/j.jaci.2015.04.048

Segal, L. N., Alekseyenko, A. V., Clemente, J. C., Kulkarni, R., Wu, B., Gao, Z., Chen,

163



H., Berger, K. I., Goldring, R. M., Rom, W. N., Blaser, M. J., & Weiden, M. D. (2013).
Enrichment of lung microbiome with supraglottic taxa is associated with increased
pulmonary inflammation. Microbiome, 1(1), 19. https://doi.org/10.1186/2049-2618-1-
19

Shalowitz, M., Berry, C., Quinn, K., & Wolf, R. (2001). The relationship of life stressors
and maternal depression to pediatric asthma morbidity in a subspecialty practice.
Ambulatory Pediatrics : The Official Journal of the Ambulatory Pediatric Association,

1(4), 185-193.

Shrier, 1., & Platt, R. W. (2008). Reducing bias through directed acyclic graphs. BMC
Medical Research Methodology, 8(1), 70-15. https://doi.org/10.1186/1471-2288-8-70

Shukla, S., Budden, K., Neal, R., & Hansbro, P. (2017). Microbiome effects on

immunity, health and disease in the lung. Clin Transl Immunol., 6.

Simoes, E. A., Carbonell-Estrany, X., Rieger, C. H., Mitchell, I., Fredrick, L., &
Groothuis, J. R. (2010). The effect of respiratory syncytial virus on subsequent
recurrent wheezing in atopic and nonatopic children. Journal of Allergy and Clinical

Immunology, 126(2), 256-262. https://doi.org/10.1016/].jaci.2010.05.026

Singanayagam, A., Ritchie, A., & Johnston, S. (2017). Role of microbiome in the
pathophysiology and disease course of asthma. Curr Opin Pulm Med, 23.

Singh, S., Karagas, M. R., & Mueller, N. T. (2017). Charting the Maternal and Infant

Microbiome: What Is the Role of Diabetes and Obesity in Pregnancy? Current

164



Diabetes Reports, 17(2), 11. https://doi.org/10.1007/s11892-017-0836-9

Slack, E., Balmer, M., Fritz, J. H., & Hapfelmeier, S. (2012). Functional Flexibility of
Intestinal IgA - Broadening the Fine Line. Frontiers in Immunology, 3, 100.

https://doi.org/10.3389/fimmu.2012.00100

Sokolowska, M., Frei, R., Lunjani, N., Akdis, C. A., & O’'Mahony, L. (2018a).
Microbiome and asthma. Asthma Research and Practice, 4(1), 1.

https://doi.org/10.1186/s40733-017-0037-y

Sokolowska, M., Frei, R., Lunjani, N., Akdis, C. A., & O’'Mahony, L. (2018b).

Microbiome and asthma. Asthma Research and Practice, 4, 1.

Strannegard, O., Cello, J., Bjarnason, R., Sigurbergsson, F., & Sigurs, N. (1997).
Association between pronounced IgA response in RSV bronchiolitis and
development of allergic sensitization. Pediatric Allergy and Immunology, 8(1), 1-6.

https://doi.org/10.1111/j.1399-3038.1997.tb00134.x

Subbarao, P., Anand, S. S., Becker, A. B., Befus, D. A., Brauer, M., Brook, J. R.,
Denburg, J. A., HayGlass, K. T., Kobor, M. S., Kollmann, T. R., Kozyrskyj, A. L., Lou, W.
W., Mandhane, P. J., Miller, G. E., Moraes, T. J., Pare, P. D., Scott, J. A., Takaro, T. K,
Turvey, S. E., ... Sears, M. R. (2015). The Canadian Healthy Infant Longitudinal
Development (CHILD) Study: examining developmental origins of allergy and

asthma. Thorax, 70(10), 998-1000. https://doi.org/10.1136/thoraxjnl-2015-207246

Takaro, T. K., Scott, J. A, Allen, R. W., Anand, S. S., Becker, A. B., Befus, D. A., Brauer,

165



M., Duncan, J., Lefebvre, D. L., Lou, W., Mandhane, P. J., McLean, K. E., Miller, G.,
Sbihi, H., Shu, H., Subbarao, P., Turvey, S. E., Wheeler, A. J., Zeng, L., ... Brook, J. R.
(2015). The Canadian Healthy Infant Longitudinal Development (CHILD) birth cohort
study: assessment of environmental exposures. Journal of Exposure Science and

Environmental Epidemiology, 25(6), 580-592. https://doi.org/10.1038/jes.2015.7

Tapiainen, T., Koivusaari, P., Brinkac, L., Lorenzi, H. A., Salo, J., Renko, M., Pruikkonen,
H., Pokka, T., Li, W., Nelson, K., Pirttila, A., & Tejesvi, M. V. (2019). Impact of
intrapartum and postnatal antibiotics on the gut microbiome and emergence of
antimicrobial resistance in infants. Scientific Reports, 9(1), 10635.

https://doi.org/10.1038/s41598-019-46964-5

Tjarnlund, A., Rodriguez, A., Cardona, P.-J., Guirado, E., lvanyi, J., Singh, M., Troye-
Blomberg, M., & Fernandez, C. (2006). Polymeric IgR knockout mice are more
susceptible to mycobacterial infections in the respiratory tract than wild-type mice.

International Immunology, 18(5), 807-816. https://doi.org/10.1093/intimm/dxI017

Trompette, A., Gollwitzer, E. S., Yadava, K., Sichelstiel, A. K., Sprenger, N., Ngom-Bru,
C., Blanchard, C., Junt, T., Nicod, L. P, Harris, N. L., & Marsland, B. J. (2014). Gut
microbiota metabolism of dietary fiber influences allergic airway disease and

hematopoiesis. Nature Medicine, 20(2), 159-166. https://doi.org/10.1038/nm.3444

Tsay, T.-B., Yang, M.-C., Chen, P.-H., Hsu, C.-M., & Chen, L.-W. (2011). Gut flora

enhance bacterial clearance in lung through toll-like receptors 4. Journal of

Biomedical Science, 18(1), 68. https://doi.org/10.1186/1423-0127-18-68

166



Turnbaugh, P. J., Hamady, M., Yatsunenko, T., Cantarel, B. L., Duncan, A., Sogin, M. L.,
Jones, W. J., Roe, B. A, Affourtit, J. P., Egholm, M., Henrissat, B., Heath, A. C., &
Knight, R. (2008). A core gut microbiome in obese and lean twins. Nature, 457(7228),
480-484. https://doi.org/10.1038/nature07540

Urm, S.-H., Yun, H., Fenta, Y. A,, Yoo, K., Abraham, R. S., Hagan, J., & Juhn, Y. J.
(2013). Asthma and Risk of Selective IgA Deficiency or Common Variable
Immunodeficiency: A Population-Based Case-Control Study. Mayo Clinic

Proceedings, 88(8), 813-821. https://doi.org/10.1016/j.mayocp.2013.05.021

Urwin, H. J., Miles, E. A., Noakes, P. S., Kremmyda, L.-S., Vlachava, M., Diaper, N. D.,
Godfrey, K. M., Calder, P. C., Vulevic, J., & Yagoob, P. (2014). Effect of salmon
consumption during pregnancy on maternal and infant faecal microbiota, secretory
IgA and calprotectin. British Journal of Nutrition, 111(5), 773-784.
https://doi.org/10.1017/s0007114513003097

van Egmond, M., Damen, C. A., van Spriel, A. B., Vidarsson, G., van Garderen, E., &
van de Winkel, J. G. (2001). IgA and the IgA Fc receptor. Trends in Immunology,
22(4), 205-211. https://doi.org/10.1016/s1471-4906(01)01873-7

Victora, C. G., Bahl, R,, Barros, A. J., Franca, G. V., Horton, S., Krasevec, J., Murch, S.,
Sankar, M., Walker, N., & Rollins, N. C. (2016). Breastfeeding in the 21st century:
epidemiology, mechanisms, and lifelong effect. The Lancet, 387(10017), 475-490.

https://doi.org/10.1016/s0140-6736(15)01024-7

Vlasova, A. N., Kandasamy, S., Chattha, K. S., Rajashekara, G., & Saif, L. J. (2016).

167



Comparison of probiotic lactobacilli and bifidobacteria effects, immune responses
and rotavirus vaccines and infection in different host species. Veterinary Immunology

and Immunopathology, 172, 72-84. https://doi.org/10.1016/j.vetimm.2016.01.003

Walker, A. W., & lyengar, R. (2014). Breast milk, microbiota, and intestinal immune
homeostasis. Pediatric Research, 77(1-2), 220-228.
https://doi.org/10.1038/pr.2014.160

Wark, P., Johnston, S., Simpson, J., Hensley, M., & Gibson, P. (2002). Chlamydia
pneumoniae immunoglobulin A reactivation and airway inflammation in acute
asthma. The European Respiratory Journal, 20(4), 834-840.
https://doi.org/10.1183/09031936.02.00192002

Wegienka, G., Zoratti, E., & Johnson, C. (2014). The role of the early-life environment
in the development of allergic disease. Immunology and Allergy Clinics of North

America, 35(1), 1-17. https://doi.org/10.1016/j.iac.2014.09.002

Wilmore, J. R., Gaudette, B. T., Atria, D., Hashemi, T., Jones, D. D., Gardner, C. A,
Cole, S. D., Misic, A. M., Beiting, D. P., & Allman, D. (2018). Commensal Microbes
Induce Serum IgA Responses that Protect against Polymicrobial Sepsis. Cell Host &

Microbe, 23(3), 302-311.e3. https://doi.org/10.1016/j.chom.2018.01.005
Wright, C., & Birks, E. (2000). Risk factors for failure to thrive: a population-based

survey. Child: Care, Health and Development, 26(1), 5-16.
https://doi.org/10.1046/j.1365-2214.2000.00135.x

168



Wou, J., Peters, B. A., Dominianni, C., Zhang, Y., Pei, Z., Yang, L., Ma, Y., Purdue, M. P.,
Jacobs, E. J., Gapstur, S. M., Li, H., Alekseyenko, A. V., Hayes, R. B., & Ahn, J. (2016).
Cigarette smoking and the oral microbiome in a large study of American adults. The

ISME Journal, 10(10), 2435-2446. https://doi.org/10.1038/ismej.2016.37

Yazdani, R., Azizi, G., Abolhassani, H., & Aghamohammadi, A. (2017). Selective IgA
Deficiency: Epidemiology, Pathogenesis, Clinical Phenotype, Diagnosis, Prognosis
and Management. Scandinavian Journal of Immunology, 85(1), 3-12.

https://doi.org/10.1111/sji.12499

Yel, L. (2010). Selective IgA Deficiency. Journal of Clinical Inmunology, 30(1), 10-16.

Yi, H., Yong, D., Lee, K., Cho, Y.-J., & Chun, J. (2014). Profiling bacterial community in

upper respiratory tracts. BMC Infectious Diseases, 14(1), 583.

https://doi.org/10.1186/s12879-014-0583-3

169



Appendix A:

Approval Form
Date: October 24,2018
Study ID: Pro00083778
Principal Investigator: Elizabeth Hicks
Study Title: Characterizing IgA deficiency: associated diseases
Approval Expiry Date: Wednesday, October 23,2019

Thank you for submitting the above study to the Health Research Ethics Board - Health Panel. Your
application, including the following, has been reviewed and approved on behalf of the committee;

¢ Protocol (10/9/2018)
¢ Health Data Variables Requested for IgA Characterization (10/14/2018)

The Health Research Ethics Board assessed all matters required by section 50(1)(a) of the Health Information
Act. It has been determined that the research described in the ethics application is a secondary analysis of
anonymized administrative health data for which subject consent for access to personally identifiable health
information would not be reasonable, feasible or practical. Subject consent therefore is not required for access
to personally identifiable health information described in the ethics application.

In order to comply with the Health Information Act, a copy of the approval form is being sent to the Office of
the Information and Privacy Commissioner.

A renewal report must be submitted next year prior to the expiry of this approval if your study still requires
ethics approval. If you do not renew on or before the renewal expiry date (Monday, October 14,2019), you
will have to re-submit an ethics application.

Approval by the Health Research Ethics Board does not encompass authorization to access the patients, staff
or resources of Alberta Health Services or other local health care institutions for the purposes of the research.
Enquiries regarding Alberta Health approvals should be directed to (780) 407-6041. Enquiries regarding
Covenant Health approvals should be directed to (780) 735-2274.

Sincerely,

Anthony S. Joyce, PhD.
Chair, Health Research Ethics Board - Health Panel

Note: This correspondence includes an electronic signature (validation and approval via an online system).

170



Notification of Approval (Renewal)

Date: October 11, 2019

Amendment ID: Pro00083778_REN1

Principal Investigator: Elizabeth Hicks

Study ID: MS2_Pro00083778

Study Title: Characterizing IgA deficiency: associated diseases
Approval Expiry Date: Friday, October 9, 2020

Thank you for submitting this renewal application. Your application has been reviewed and approved.
This re-approval is valid for another year. If your study continues past the expiration date as noted above, you will be
required to complete another renewal request. Beginning at 30 days prior to the expiration date, you will receive notices

that the study is about to expire. If you do not renew on or before the renewal expiry date, you will have to re-submit an
ethics application.

All study-related documents should be retained so as to be available to the Health REB upon request. They should be
kept for the duration of the project and for at least 5 years following study completion.

Sincerely,

Anthony S. Joyce, PhD.
Chair, Health Research Ethics Board - Health Panel

Note: This correspondence includes an electronic signature (validation and approval via an online system).

171



Appendix B:

Table B1
Comparison between the general CHILD cohort and the 1071 infant CHILD sub-Cohort with

available Fecal slgA Samples

CHILD Cohort slgA Sample Chix?"
(Three Sites*) % N Available % (95% ClI)
— 2,502 N = 1071
Co-Variates Row % (N) Row % (N) p-
value(X?)
Asthma Diagnoses from No 56.64 (1,322) 43.36(1,012) 0.253
Ages 1-3
Yes 50(52) 50(52)
Asthma Diagnoses from No 55.23(612) 44.77 (496) 0.094
Ages 4-5
Yes 62.88(83) 37.12 (49)
UV for AW from Ages 1-3 No 53.18 (535) 46.82(471) 0.165
Yes 57.08 (262) 42.92 (197)
UV for AW from Ages 4-5 No 54.65 (605) 45.35 (502) 0.157
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Sex

Mode of Delivery

Breastfeeding Status

Infant Antibiotics

Depression

Smoke Exposure (Prenatal)

Smoke Exposure (Postnatal)

Multigravida

Yes

Male

Female

Vaginal

Elective
Cesarean
Emergency
Cesarean

Exclusive

Partial
None

No

Yes

None

Antenatal
Persistent
Postnatal

No

Yes

No

Yes

No

Yes

CHILD Cohort
(Three Sites*) %

N = 2,502
60 (123)

56.63 (722)
57.85(678)

57.61(1,079)
56.65 (132)

55.19 (186)

25.28 (91)

45.06 (292)
62.42 (431)

56.97 (1,238)
52.59(71)

57.12(1,200)
54.23(77)

54.02 (94)
59.65 (34)

57.19(1,281)
48.26 (89)

55.12(1,072)
49.58 (178)

56.01 (489)
57.83(942)

40 (82)

43.37 (553)
42.15(494)

42.39 (794)
43.35(101)

44.81(151)

74.72 (269)

54.94 (356)
37.58 (431)

43.03 (935)
47.41 (64)

42.88 (901)
45.77 (65)

45.98 (80)
40.35(23)

42.81(959)
51.74 (89)

44.88 (873)
50.42 (181)

43.99 (384)
42.17 (687)

slgA Sample ChiX?"*
Available % (95%
CI)N= 1071

0.542

0.701

<0.001

0.319

0.752

0.023

0.053

0.382



Maternal
Overweight/Obesity
(During Pregnancy)

Maternal Allergy/Asthma
During Pregnancy

Maternal Age (Greater or
less than median)

Normal
Overweight
Obese

No

Yes

No

Yes

CHILD Cohort
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(Three Sites*) %
N =2,502

57.55 (804)

56.5(300)
56.97 (327)
56.63 (517)
56.48 (845)
56.55 (814)

55.5(290)

42.45 (593)

43.5(231)
43.03 (247)
43.37 (396)
43.52 (651)
43.45 (603)

44.5(221)

slgA Sample ChiX?"*
Available % (95%
ClI)N= 1071

0.909

0.945

0.955



Table B2. Distribution lowest fecal sigA, atopic and non-atopic asthma/wheeze

according to demographic and epidemiological factors (n=1071)

Lowest
tertile
slgA (%
yes)
n=314/9
51

Co-Variates Row % (N)

Male 32.06

(160)
34.62
(152)

Sex

Female

Mode of
Delivery

32.15
(227)

Elective 31.52(29)
Cesarean

Vaginal

Emergenc 40.29 (56)

y
Cesarean

Breastfeedin Non 68.33 (163

g Status
Partial 31.48 (96)
Exclusive 14.29 (58)
Infant No 34.09
Antibiotics (284)
Yes 31.67 (19)
Depression None 31.4 (254)

Antenatal 50.88 (29)

Persistent 33.80 (24)

ChiX*" Atopic ChiX*" Atopic ChiX*" Non-
AW vs AW vs Atopic
no AW no AW AW vs no

(Ages 1- (Ages 4- AW (Ages

3) 5) 1-3)

n=26/45 n=23/46 n=175/6

5 3 04

p-value Row % p-value Row % p-value Row % (N)
(X? exact) (N) (X? exact) (N) (X? exact)

0.406 7.47 (18)  0.087 6.33(15)  0.167 30.31(97)

3.74(8) 3.54(8) 27.46(78)

0.165 4.82(17)  0.204 3.87(14) 0.046 27.27

(126)

11.76 (4) 11.90(5) 45.45 (25)

7.35(5) 6.78 (4) 27.59 (24)

<0.001 7.22(7) 0.434 5.41(6) 0.953 36.62(52)

6.75(11) 4.58(7) 28.97 (62)

4.10(8) 5.03(10) 24.60(61)

0.701 5.73(24)  0.619 4.82(20) 1.00 27.52

(150)

0.00 (0) 4.35(1) 40.00 (14)

<0.001 5.22(21) 0.053 4.83(20) 0.243 27.01

(141)

5.56 (1) 6.25(1) 41.38(12)

6.67 (2) 3.45(1) 40.43(19)
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Chix®" Non-
Atopic
AW vs
no AW

(Ages 4-

S)
n=78/51
8
p-value  Row %

(X? exact)

0.441 1559
(41)
14.51

(37)

0.018 12.56
(50)
24.49

(12)

22.54
(16)

0.042 18.60

(24)

15.12
(26)

12.90
(28)

0.112 15.24

(71)
15.35(4)

0.059 14.16

(65)
28.57 (6)

17.65 (6)

Chix*"

p-value

(N) (X? exact)

0.731

0.015

0.358

0.984

0.287



Furry Pets in
the Home

Smoke
Exposure
(Prenatal)

Smoke
Exposure
(Postnatal)

Multigravida

Maternal
Overweight

Maternal
Allergy/Asth
ma During
Pregnancy

Maternal Age
(Greater than
Median)

Postnatal 61.90(13)

No 37.84
(165)

Yes 29.5(149)
No 31.7 (272)
Yes 47.56 (39)
No 31.96
(249)

Yes 39.76 (66)
No 34.44
(125)

Yes 32.77
(195)

Normal 28.24
(148)

Obese 33.17 (69)
Overweig 45.58
ht (103)

No 32.87
(118)

Yes 33.1(192)
No 36.48
(174)

Yes 29.93
(138)

Lowest ChiXx?"™

tertile
slgA (%
yes)
n=314/9
51

40.0(2)

0.007 5.53(12)

5.15(12)

0.004 5.62(24)

8.00(2)

0.053 5.74 (23)

3.85(2)

0.597 7.26 (13)

4.71(13)

<0.001 5.71(16)

6.48 (7)

4.48 (3)

0.941 5.65(10)

5.82(16)

0.033 5.50(12)

5.91 (26)

Atopic Chix*™
AW vs
no AW
(Ages 1-
3)
n=26/45
5

25.00 (1)

0.858 5.50(11)

4.65(12)

0.647 4.64(20)

11.54 (3)

0.755 5.37 (21)

2.94(2)

0.252 4.05(7)

5.52(16)

0.857 6.27 (18)

1.92(2)

4.17 (3)

0.940 3.89(7)

5.78(16)

0.853 4.72(10)

5.18(13)
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Atopic
AW vs
no AW
(Ages 4-
5)
n=23/46
3

0.674

0.135

0.554

0.481

0.203

0.367

0.820

Chix*"

50.00(3)

26.79(75)

30.94 (99)

28.16
(158)

37.84(14)

26.32
(135)

43.82(39)

29.66(70)

28.53

(105)

27.07 (98)

27.34(38)

37.86(39)

25.78 (58)

30.56

(114)

31.79(96)

26.16(79)

Non-
Atopic
AW vs no
AW (Ages
1-3)
n=175/6
04

0.264

0.208

<0.001

0.765

0.092

0.210

0.127

Chix*"

25.00 (1)

18.88
(44)

12.14
(34)

14.37
(69)
25.81(8)

15.14
(66)
15.38
(12)

15.74
(31)
14.64
(47)

14.33
(45)

14.29
(17)

18.82
(16)

11.73
(23)

17.41
(54)

16.18
(39)

14.08
(39)

Non-
Atopic
AW vs
no AW

(Ages 4-
5)
n=78/51
8

0.034

0.085

0.955

0.735

0.569

0.097

0.504



Table B3. Test of Interaction between Fecal slgA (2-5.5 months) and
breastfeeding status at stool collection

UV for AW at 1-3 Years (95%

Cl)

Model 1: Crude OR (Low Fecal silgA (2-5.5 Months)) 1.54 (1.07, 2.22)
Model 2: Adjusted for Breastfeeding 1.36(0.92,2.01)

Model 3: Breastfeeding * Low Fecal slgA (2-5.5 Months) (Reference: Breastfed, Normal-High

Fecal sigA)

Breastfed*Low Fecal slgA (2-5.5 Months) 1.69(0.77,3.71)
Formula Fed*Normal-High Fecal slgA (2-5.5 Months) 1.48(0.96, 2.29)
Formula Fed*Low Fecal silgA (2-5.5 Months) 1.89 (1.21, 2.94)

Table B4. Test of Interaction between Fecal slgA (2-5.5 months) and
breastfeeding status at stool collection

Variable Interactions with fecal sigA

Breastfeeding status at stool collection 0.036

Note: Interactions between a covariate and fecal slgA variable were tested. When interaction

terms with p<0.05 were found, the interaction term for each was reported.
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Figure B1. Fecal slgA levels (mg/gfeces) by feeding mode and infant age at time

of stool collection.
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Figure B2. Fecal slgA levels (mg/gfeces) by feeding mode at time of stool
collection. BF = Breastfed; MF = Mixed Fed; FF = Formula Fed. P-values indicate

significant differences between groups based on Kruskal-Wallis Test.
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Figure B3. slgA levels among AW groups from ages 4-5. UVs for AW, atopic AW
and non-atopic AW had significantly lower fecal slgA levels compared to the

reference group of those without AW.
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Figure C1. Serum IgA levels (g/L) by age in years from ages 0-3. Red line indicates
median serum IgA level (g/L) by time of serum IgA collection (years). 5 data points

were outside the scale of the graph.
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Table C1. Proportion of ED Visits for AW (Ages 4-5) and Potential Covariates in the 9,938 n AHS sub-Cohort
with Serum IgA Samples from Ages 0-3

Co-
variates
Sex Fem
ale
Male

Two ChiX

Highest 2™
Tertiles of
Serum
IgA (0-1
Years)
n=1,360/
2,040

Row % (N) p-

value

(x?

exact)

66.40 0.82

(585) 5
66.87
(775)

Two ChiX Two ChiX ED Visit ChiX ED Visit ChiX ED Visit ChiX ED Visit ChiX ED Visit Chi

Highest 2 Highest 2 for AW
Tertiles of Tertiles (Age 4-5
Serum of Years) vs
IgA (1-2 Serum No AW
Years) IgA (2- n=219/8
n=2,655/ 3 Years) ,937
4,079 N=
2,506/3
,819
Row % (N) p- Row % (N) p- Row % (N)
value value
(x? (x?
exact) exact)
61.50<0.0 63.690.02 2.08(82)
(1,131) 01 (1,054) 8
68.04 67.10 2.74
(1,524) (1,452) (137)
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2**

p-
value

(x?
exact)

0.04
4

for 2™
Atopic
AW
(Age 4-
5 Years)
vs No
AW
n=46/8,
764

Row % p-
(N) value
(x?

exact)

0.41 0.19
(16) 5

0.61
(30)

for 2

Non-
Atopic
AW
(Age 4-
5 Years)
vs No
AW
n=32/8,
750

Row%  p-

(N) value

(x?

exact)

0.36 0.95
(14) 1

0.37
(18)

for 2™
Atopic
Asthma
(Age 4-
5 Years)
vs No
AW
n=41/8,
791

Row % p-
(N) value
(x?

exact)

0.33 0.10
(13) 5

0.57
(28)

for X2*
Non-
Atopic
Asthma
(Age 4-
5 Years)
vs No
AW
n=25/8,
775

Row % p-

(N) value

(x?

exact)

0.26 0.66
(10) 5

0.31
(15)



Diagno
ses of
Failure
to
Thrive

Age at
Serum
IgA
Level
(Years)

Two ChiX Two ChiX Two ChiX ED Visit ChiX ED Visit ChiX ED Visit ChiX ED Visit ChiX ED Visit ChiX

Highest 2" Highest 2" Highest 2 forAW 2" for 2¢

Tertiles of Tertiles of Tertiles (Age 4-5 Atopic
Serum Serum of Years) vs AW
IgA (0-1 IgA (1-2 Serum No AW (Age 4-
Years) Years) IgA (2- n=219/8 5 Years)
n=1,360/ n=2,655/ 3 Years) ,937 vs No
2,040 4,079 N = AW
2,506/3 n=46/8,

,819 764

No 66.67 1.00 65.54 0.05 65.94 0.08 2.52 0.1 0.48 0.76

(1,214) (2,433) 3 (2,379) 8 (208) 8 (39) 9
Yes 66.76 60.49 60.19 1.57 (11) 0.29 (2)
(146) (222) (127)
0-1
01 2
1-2 2.03(75) 0.33
(12)
2-3 3.31 0.86
(114) (29)

for 2™ for 2™ for 2
Non- Atopic Non-
Atopic Asthma Atopic
AW (Age 4- Asthma
(Age 4- 5 Years) (Age 4-
5 Years) vs No 5 Years)
vs No AW vs No
AW n=41/8, AW
n=32/8, 791 n=25/8,
750 775

0.40 0.17 0.48 0.76 0.31 0.25

(32) 5 (39) 9 (25) 7
0.00(0) 0.29(2) 0.00(0)

0.38
(14)

0.36
(12)

3

0.30
(11)
0.74
(25)

1

0.30
(11)
0.30
(10)

**Chi(X2) comparison used to investigate whether distributions of categorical variables differ from one another.

Fishers exact test was used when expected frequencies were <5 in >20% of cells. Bold indicates a significant

difference between the two populations.
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1.67 (30) <0.0 0.28 (5)0.00 0.34 (6) 0.96 0.28 (5)0.01 0.23 (4) 0.87
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Serum IgA Levels (Ages 0-1)
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AW Outcomes (Ages 3-5)
Figure C2. Serum IgA levels (g/L) from ages 0-1 among AW groups from ages 4-
5 years. AW groups compared to the reference group of those without AW

based on Mann-Whitney U.
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Serum IgA Levels (Ages 1-2)
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AW Outcomes (Ages 3-5)
Figure C3. Serum IgA levels (g/L) from ages 1-2 among AW groups from ages 4-
5 years. AW groups compared to the reference group of those without AW

based on Mann-Whitney U.
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Serum IgA Levels (Ages 2-3)
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AW Outcomes (Ages 3-5)
Figure C4. Serum IgA levels (g/L) from ages 2-3 among AW groups from ages 4-
5 years. AW groups compared to the reference group of those without AW

based on Mann-Whitney U.
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Normal to High Serum IgA (Ages 0-1) and Adjusted ORs of AW Outcomes

ED Visit for AW vs No AW (Age 4-5 Years)={ HllH
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1 1 1
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Figure C5. Forest plot of adjusted ORs for AW outcomes ages 4-5 years in children

with normal to high serum IgA levels (g/L) compared to those with low serum IgA

levels from ages 0-1, adjusted for failure to thrive and sex.
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Table C2. Odds of Emergency Department Visits for Asthma and/or Wheeze (Age 4-5
Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages 0-1)

Ref: Lowest Tertile Serum IgA (0-1 Years) ED Visit for AW vs No AW ED Visit for AW vs No AW
(Age 4-5 Years) Crude OR (Age 4-5 Years) Adjusted OR
(95% ClI) (95% ClI) (n=2,040)*
Normal-High Serum IgA (0-1 Years) 1.00(0.52, 1.98) 1.00(0.52, 1.98)
Failure to Thrive 0.62(0.33, 1.14) 0.67 (0.20, 2.19)
Sex (Ref: Female) 1.33(1.00, 1.75) 1.12(0.59, 2.13)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table C3. Odds of Emergency Department Visits for Atopic Asthma and/or Wheeze (Age
4-5 Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages 0-1)

Ref: Lowest Tertile Serum IgA (0-1 Years) ED Visit for Atopic AW vs No  ED Visit for Atopic AW vs No
AW (Age 4-5 Years) Crude OR AW (Age 4-5 Years) Adjusted

(95% CI) OR (95% CI) (n=2,010)*
Normal-High Serum IgA (0-1 Years) 2.02(0.23,18.1) 1.97 (0.22,17.70)
Failure to Thrive 0.53(0.13, 2.20) 1 (Omitted)
Sex (Ref: Female) 1.49(0.81,2.74) 3.10(0.35, 27.8)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table C4. Odds of Emergency Department Visits for Atopic Asthma (Age 4-5 Years) After
Exposure to the Two Highest Tertiles of Serum IgA (Ages 0-1)

Ref: Lowest Tertile Serum IgA (0-1 Years) ED Visit for Non-Atopic AW vs ED Visit for Non-Atopic AW vs
No AW (Age 4-5 Years) Crude No AW (Age 4-5 Years) Crude

OR (95% CI) OR (95% CI) (n=2,013)*
Normal-High Serum IgA (0-1 Years) 1.51(0.30, 7.52) 1.57 (0.31, 7.80)
Failure to Thrive 1 (Omitted) 1 (Omitted)
Sex (Ref: Female) 1.02(0.51, 2.06) 0.11(0.01, 0.90)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive
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Table C5. Odds of Emergency Department Visits for Atopic Asthma (Age 4-5 Years)

After Exposure to the Highest Tertile of Serum IgA (Ages 0-1)

Ref: Lowest Tertile Serum IgA (0-1 Years) ED Visit for Atopic Asthmavs ED Visit for Atopic Asthma vs
No AW (Age 4-5 Years) Crude No AW (Age 4-5 Years)

OR (95% CI) Adjusted OR (95% CI)
(n=2,012)*
Normal-High Serum IgA (0-1 Years) 2.02(0.22,18.1) 1.97 (0.22,17.70)
Failure to Thrive 0.60(0.14, 2.49) 1 (Omitted)
1.71(0.89, 3.31) 3.10(0.35, 27.8)

Sex (Ref: Female)
Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table C6. Odds of Emergency Department Visits for Non-Atopic Asthma (Age 4-5 Years)
After Exposure to the Highest Tertile of Serum IgA (Ages 0-1)

Ref: Lowest Tertile Serum IgA (0-1 Years) ED Visit for Non-Atopic ED Visit for Non-Atopic
Asthma vs No AW (Age 4-5 Asthma vs No AW (Age 4-5

Years) Crude OR (95% CI) Years) Crude OR (95% CI)
(n=2,013)*
Normal-High Serum IgA (0-1 Years) 2.53(0.29, 21.7) 2.64(0.31,22.72)
Failure to Thrive 1 (Omitted) 1 (Omitted)
1.19(0.54, 2.66) 1 (Omitted)

Sex (Ref: Female)
Bold indicates p<0.05. *Adjusted for sex and failure to thrive
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Normal to High Serum IgA (Ages 1-2) and Adjusted ORs of AW Outcomes

ED Visit for AW vs No AW (Age 3-5 Years)=] —a—
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OR (95%Cl)

Figure C6. Forest plot of adjusted ORs for AW outcomes ages 4-5 years in children
with normal to high serum IgA levels (g/L) compared to those with low serum IgA

levels from ages 1-2, adjusted for failure to thrive and sex.
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Table C7. Odds of Emergency Department Visits for Asthma and/or Wheeze (Age 4-5
Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages 1-2)

Ref: Lowest Tertile Serum IgA (1-2 Years) ED Visit for AW vs No AW ED Visit for AW vs No AW
(Age 4-5 Years) Crude OR (Age 4-5 Years) Adjusted OR
(95% ClI) (95% Cl) (n=4,079)*
Normal-High Serum IgA (1-2 Years) 0.90(0.61, 1.35) 0.88(0.59, 1.32)
Failure to Thrive 0.62(0.33, 1.14) 0.87 (0.42, 1.80)
Sex (Ref: Female) 1.33(1.00, 1.75) 1.42(0.94, 2.16)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table C8. Odds of Emergency Department Visits for Atopic Asthma and/or Wheeze (Age
4-5 Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages 1-2)

Ref: Lowest Tertile Serum IgA (1-2 Years) ED Visit for Atopic AW vs No  ED Visit for Atopic AW vs No
AW (Age 4-5 Years) Crude OR AW (Age 4-5 Years) Adjusted

(95% ClI) OR (95% CI) (n=4,011)*
Normal-High Serum IgA (1-2 Years) 1.67 (0.50, 5.54) 1.56(0.47,5.20)
Failure to Thrive 0.53(0.13, 2.20) 1 (Omitted)
Sex (Ref: Female) 1.49(0.81, 2.74) 2.38(0.64, 8.84)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table C9. Odds of Emergency Department Visits for Atopic Asthma (Age 4-5 Years) After
Exposure to the Two Highest Tertiles of Serum IgA (Ages 1-2)

Ref: Lowest Tertile Serum IgA (1-2 Years) ED Visit for Non-Atopic AW vs ED Visit for Non-Atopic AW vs
No AW (Age 4-5 Years) Crude No AW (Age 4-5 Years) Crude

OR (95% CI) OR (95% CI) (n=4,013)*
Normal-High Serum IgA (1-2 Years) 1.19(0.45, 3.13) 1.13(0.43, 2.97)
Failure to Thrive 1 (Omitted) 1 (Omitted)
Sex (Ref: Female) 1.02(0.51, 2.06) 1.94(0.68, 5.54)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive
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Table C10. Odds of Emergency Department Visits for Atopic Asthma (Age 4-5 Years)

After Exposure to the Highest Tertile of Serum IgA (Ages 1-2)

Ref: Lowest Tertile Serum IgA (1-2 Years) ED Visit for Atopic Asthmavs ED Visit for Atopic Asthma vs
No AW (Age 4-5 Years) Crude No AW (Age 4-5 Years)

OR (95% CI) Adjusted OR (95% CI)
(n=4,020)*
Normal-High Serum IgA (1-2 Years) 1.46 (0.43, 4.98) 1.37(0.40, 4.70)
Failure to Thrive 0.60(0.14, 2.49) 1 (Omitted)
1.71(0.89, 3.31) 2.15(0.57,8.11)

Sex (Ref: Female)
Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table C11. Odds of Emergency Department Visits for Non-Atopic Asthma (Age 4-5 Years)

After Exposure to the Highest Tertile of Serum IgA (Ages 1-2)

Ref: Lowest Tertile Serum IgA (1-2 Years) ED Visit for Non-Atopic ED Visit for Non-Atopic
Asthma vs No AW (Age 4-5 Asthma vs No AW (Age 4-5

Years) Crude OR (95% CI) Years) Crude OR (95% CI)
(n=4,020)*
Normal-High Serum IgA (1-2 Years) 0.97(0.33, 2.89) 0.89(0.30, 2.67)
Failure to Thrive 1 (Omitted) 1 (Omitted)
1.19(0.54, 2.66) 4.56 (1.00, 20.62)

Sex (Ref: Female)
Bold indicates p<0.05. *Adjusted for sex and failure to thrive
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Normal to High Serum IgA (Ages 2-3) and Adjusted ORs of AW Outcomes

ED Visit for AW vs No AW (Age 4-5 Years)=
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Figure C7. Forest plot of adjusted ORs for AW outcomes ages 4-5 years in children

with normal to high serum IgA levels (g/L) compared to those with low serum IgA

levels from ages 2-3, adjusted for failure to thrive and sex.
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Table C12. Odds of Emergency Department Visits for Asthma and/or Wheeze (Age 4-5
Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages 2-3)

Ref: Lowest Tertile Serum IgA (2-3 Years) ED Visit for AW vs No AW (Age ED Visit for AW vs No AW (Age
4-5 Years) Crude OR (95% CI) 4-5 Years) Adjusted OR (95%
Cl) (n=3,819)*

Normal-High Serum IgA (2-3 Years) 1.10 (0.75, 1.60) 1.09 (0.74, 1.59)
Failure to Thrive 0.62 (0.33, 1.14) 0.95 (0.48, 1.87)
Sex (Ref: Female) 1.33 (1.00, 1.75) 1.25(0.91,1.72)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table C13. Odds of Emergency Department Visits for Atopic Asthma and/or Wheeze (Age
4-5 Years) After Exposure to the Two Highest Tertiles of Serum IgA (Ages 2-3)

Ref: Lowest Tertile Serum IgA (2-3 Years) ED Visit for Atopic AW vs No ED Visit for Atopic AW vs No
AW (Age 4-5 Years) Crude OR AW (Age 4-5 Years) Adjusted

(95% Cl) OR (95% CI) (n=3,723)*
Normal-High Serum IgA (2-3 Years) 2.53 (0.58, 10.95) 2.52 (0.58, 10.9)
Failure to Thrive 0.53 (0.13, 2.20) 1.59 (0.48, 5.23)
Sex (Ref: Female) 1.49 (0.81, 2.74) 1.25(0.63, 2.51)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table C14. Odds of Emergency Department Visits for Atopic Asthma (Age 4-5 Years) After
Exposure to the Two Highest Tertiles of Serum IgA (Ages 2-3)

Ref: Lowest Tertile Serum IgA (2-3 Years) ED Visit for Non-Atopic AW vs ED Visit for Non-Atopic AW vs
No AW (Age 4-5 Years) Crude No AW (Age 4-5 Years) Crude

OR (95% CI) OR (95% CI) (n=3,709)*
Normal-High Serum IgA (2-3 Years) 1.48 (0.57, 3.88) 1.38 (0.57, 3.33)
Failure to Thrive 1 (Omitted) 1 (Omitted)
Sex (Ref: Female) 1.02 (0.51, 2.06) 1.05(0.42, 2.63)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive

Table C15. Odds of Emergency Department Visits for Atopic Asthma (Age 4-5 Years) After
Exposure to the Two Highest Tertiles of Serum IgA (Ages 2-3)

Ref: Lowest Tertile Serum IgA (2-3 Years) ED Visit for Atopic Asthmavs  ED Visit for Atopic Asthma vs
No AW (Age 4-5 Years) Crude No AW (Age 4-5 Years)

OR (95% CI) Adjusted OR (95% CI)
(n=8,741)*
Normal-High Serum IgA (2-3 Years) 1.48 (0.57, 3.88) 1.48 (0.56, 3.87)
Failure to Thrive 0.60 (0.14, 2.49) 1.82 (0.55, 6.06)
Sex (Ref: Female) 1.71(0.89, 3.31) 1.55(0.73, 3.33)

Bold indicates p<0.05. *Adjusted for sex and failure to thrive
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Table C16. Odds of Emergency Department Visits for Non-Atopic Asthma (Age 4-5 Years)
After Exposure to the Two Highest Tertiles of Serum IgA (Ages 2-3)

Ref: Lowest Tertile Serum IgA (2-3 Years) ED Visit for Non-Atopic ED Visit for Non-Atopic
Asthma vs No AW (Age 4-5 Asthma vs No AW (Age 4-5

Years) Crude OR (95% CI) Years) Crude OR (95% CI)
(n=8,728)*
Normal-High Serum IgA (2-3 Years) 2.08 (0.47,9.15) 2.06 (0.47, 9.07)
Failure to Thrive 1 (Omitted) 1 (Omitted)
1.19 (0.54, 2.66) 1.29 (0.47, 3.55)

Sex (Ref: Female)
Bold indicates p<0.05. *Adjusted for sex and failure to thrive
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