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Abstract

Baked milk challenges and milk ladders have recently become a well-recognized part of cow’s
milk allergy management, used to determine the development of tolerance to baked milk.
However, there is relatively limited research regarding current and appropriate practice in
this area. Hence, the aims of this research were (i) to explore attitudes and practice of
healthcare professional’s use of baked milk challenges and milk ladders in a clinical setting
(ii) to explore mothers’ experiences of introducing baked milk into their child’s diet and (iii)
to evaluate if immune markers can identify IgE-mediated cow’s milk allergic children able to

pass milk challenges.

This research consisted of three separate studies: (i) a multi-national survey explored the
current clinical practice of healthcare professionals using baked milk challenges and the milk
ladder (i) a qualitative study explored mothers’ perspectives. (iii) a quantitative study
explored if immune markers such as SPT and milk sIgE can predict milk challenge outcomes
in Igt mediated CMA. This research found that while healthcare professionals largely
considered the potential for severe reactions when making decisions about the appropriate
venue for baked milk reintroduction there were inconsistencies regarding this, and the
guidelines that were followed. Increased parental anxiety was reported for both baked milk
challenges and milk ladders. Furthermore, mothers experienced confusion about the
different versions of milk ladders and their practical implementation, and disappointment
with healthcare support. They also expressed concerns regarding the lack of healthy and
alternative food options in each stage of the milk ladder. Regarding the appropriate time of
baked milk reintroduction, this research found that skin prick test and milk sIgé had poor

value as predictive tools in the identification of milk challenge outcomes.

In the first in-depth exploration of this new area of practice in the management of cow’s milk
allergy, this research has provided novel results, which have important implications for
healthcare professionals and researchers working with cow’s milk allergy. Any changes to
practice arising from these will benefit cow’s milk allergic children and their families in the

future.
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Chapter 1. General Introduction

1.1 Background

Cow’s milk allergy (CMA) is one of the most common food allergies in early childhood. It
generally has a good prognosis and cow’s milk (CM) is usually successfully re-introduced in
the child’s diet within the first 1- 5 years of life following a milk elimination diet (Fiocchi,
Brozek, et al., 2010). Current research indicates that foods containing baked milk (BM) such
as biscuits/cookies, cakes, muffins, waffles, could be introduced before uncooked CM re-
introduction in children with CMA (Nowak-Wegrzyn et al., 2008). Re-introduction of BM
utilises two different methods/protocols: baked milk challenge (BMC), in which a full portion
of BM-product is introduced in increasing amounts over a day in a hospital/office, or a milk
ladder (ML), in which case baked milk containing foods are re-introduced gradually (typically
at home) over a period of days, weeks, months or years (+Venter, Brown, Shah, Walsh, &
Fox, 2013). Successful re-introduction of BM-containing foods may accelerate milk allergy
resolution and assist in establishing a normal diet, by avoiding unnecessary elimination diets
which impair proper nutrient intake and affect socialisation (Meyer et al., 2017). This
provides benefit not only to children’s health status, but also to the quality of life of both
children and parents (Dupont, 2013). However, in many cases children are following a strict

milk free diet unnecessarily as they are unaware that they are baked milk tolerant.

CMA has an adverse nutritional impact on the children and negative psychosocial impact on
the child and their families. The potential for re-introduction of baked milk and eventual
tolerance of fresh milk is high. It is surprising therefore that so little is understood about the
practice and impact of BMC and milk ladders from either a health care professional or parent
perspective. Additionally, while immune markers such as Skin Prick Test (SPT) and milk
specific Immunoglobulins E (slgE) may provide some useful prognostic information for the
appropriate timing for introduction of BM-containing food in IgE-mediated CMA (Bartnikas,
Sheehan, Hoffman, et al., 2012), there are currently no clear clinical or laboratory criteria
established that can predict which patients are likely to pass a BMC or certain steps on the
milk ladder. Hence, this important field urgently needs further research to provide answers
not only to healthcare professionals (HCPs) but also to parents on how to properly use these

foods for the management of CMA.



1.2 Thesis layout

To inform the current thesis, Chapter 2 reviews literature relevant to the use of BM-
containing foods in the management of CMA. It first sets out to define CMA and discuss its
prevalence, natural history, diagnosis, and management, in children with this allergic
disorder. The second section discusses the current research regarding the re-introduction of
BM into children’s diets and introduces the use of BMCs and gradual re-introduction of BM
(milk ladder) in IgE-mediated CMA and mild to moderate non-IgE-mediated CMA. This thesis
does not include milk challenge/reintroduction for Eosinophilic Esophagitis (EoE) and Food
Protein Induced Enterocolitis (FPIES). Current guidelines in the treatment and management
of CMA are discussed. The final part defines immune markers such as SPT and milk sIgE and

discusses their role in the management of IgE-mediated CMA.

Current studies are reviewed examining whether immune markers can predict the outcome
of re-introducing-BMC and the timing of tolerance development. Chapter 2 reviews the
literature in order to provide the background and rationale to this thesis. The literature
review suggests that for many reasons the re-introduction of BM-containing foods into the
diet of milk allergic children before reintroducing “raw” milk is of interest not only to the
United Kingdom (UK) but also internationally. Currently, the theory and practice of “how” to
re-introduce BM-containing foods has not been well-described in literature. The overall aim
of this research therefore is to understand current clinical practice in BM-reintroduction, the
impact of BM-reintroduction on parents of children with CMA, and the extent to which

biomarkers might be able to identify potential candidates for BM- reintroduction.

In line with the overall aim, Chapter 3 presents a survey that explores what guidelines and
approaches are currently being used by HCPs across the world and what their experiences
have been in introducing BM-containing foods in IgE-mediated CMA and mild to moderate
non-lgE-mediated-CMA. This is the first published study that provides systematically
collected clinical data on the use of BM-containing foods from HCPs’ perspectives across the

world.

Moving on from understanding HCPs’ use and experience of BM re-introduction, Chapter 4
presents a qualitative study that explores mothers’ experiences in using a milk ladder

approach at home (gradual reintroduction of BM-containing foods) and the impact of these
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foods in the management of their child’s CMA. This is the first study that has investigated
(using semi-structured individualised phone interviews) mothers’ attitudes regarding the re-
introduction of BM-containing foods at home and the outcomes of this approach in the
management of IgE and mild to moderate non-IgE-mediated CMA. Thus, it has provided
important information regarding the usefulness, appropriateness, acceptability,
practicability, and safety of BM-reintroduction from mothers’ perspectives. This valuable
data could be used to improve the BM-reintroduction approach providing not only better
patient care but also to help parents to feel less anxious and more confident during this

process.

Moving on from understanding parents’ use and experience of BM re-introduction, Chapter
5 presents a quantitative study that analyses a retrospective subset of data from a larger
research project being coordinated by the Cincinnati Children’s Hospital Medical Centre
(CCHMC) in the USA to determine if immune markers such as SPTs and milk sIgE are
appropriate tools in predicting oral milk challenge outcomes and hence help HCPs to identify
children who will be optimal cow’s milk allergic patients for baked milk or raw milk-
reintroduction. ldentifying valuable tools could provide useful information for the milk
tolerant status of the patient and contribute to the avoidance of unnecessary exposure to
the milk allergen through the challenge and thus reduce the risk of any reactions. In addition,
milk challenges have a long waiting list for patients, are time consuming and expensive and
if they can be replaced by other validated predictive tools this could benefit not only patients

and parents but also allergy services.

Finally, Chapter 6 discusses the overall findings of the research, by collating the results of the
three studies together. The implications for the gradual re-introduction of BM-containing
foods in the management of IgE and mild to moderate non-IgE-mediated CMA are discussed.
Strengths and limitations of the research are addressed and further research needs are

outlined.

In summary, this PhD research represents the first in-depth exploration of the reintroduction
of BM-containing foods into cow’s milk allergic children’s diets; a new area of practice in the
management of cow’s milk allergy. This research has provided novel results, which have
important implications for healthcare professionals and researchers working with cow’s milk

allergy. Understanding HCPs and parents’ perceptions and establishing reliable cut off values

3



for immune markers that can predict milk tolerance are of the utmost importance in terms
of the validity of any future guidelines, and it could contribute to an effective CMA dietary

management. Any changes to practice arising from these will therefore benefit cow’s milk

allergic children and their families in the future.



Chapter 2. Literature review of Cow’s Milk Allergy & Immune
Markers

2.1 Overview of chapter

This chapter reviews the current research related to the management of cow’s milk allergy
in children and the use of baked milk containing foods in the development of tolerance to
cow’s milk. The first section introduces the prevalence, prognosis, symptoms, diagnosis, and
management, of CMA. Understanding of CMA treatment with the use of baked milk
containing foods into the diet of children with IgE and mild to moderate non-IgE-mediated
CMA is related to the worldwide survey (presented in Chapter 3) that provides information
on the use of baked milk challenges and gradual reintroduction of milk in IgE and non-IgE-
mediated CMA from healthcare professionals’ perspectives. The second section discusses
the role of baked milk containing foods in terms of their appropriateness and safety. It also
presents the guidelines followed by HCPs before they decide to introduce baked milk
containing foods into the diet of children with CMA. This section is related to the qualitative
research study (presented in Chapter 4) that discusses data on the impact of introducing
baked milk containing foods into children’s diet from mothers’ perspectives. The final section
discusses the role of immune markers (SPT, milk specific IgE levels) for identifying potential
IgE-mediated CM allergic patients able to tolerate milk containing foods. Understanding the
role of immune markers in predicting milk challenges is related to the study presented in
Chapter 5, which evaluates whether immune markers can predict oral milk challenges in
children with Ige-mediated CMA. The protocol of the search strategy and methodology of

this review is summarised in appendix 5.

2.2 Cow’s Milk Allergy

2.2.1 Definition

Milk allergy is defined as a reproducible adverse immune reaction to one or more proteins
of milk (Fiocchi, Schunemann, et al., 2010). Cow’s milk is the usual cause of such an allergic
reaction, but other kind of milk such as sheep, goat, buffalo or other mammals can also cause
an abnormal immune response in human’s (Host & Halken, 2014). Casein and whey are the

major milk proteins that can cause an allergic reaction. Of the total milk protein, 80% is casein
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protein fraction (alphaS1, alphaS2, beta and kappa-caseins) and 20% is whey (alpha-
lactalbumin, beta lactoglobulin, bovine serum albumin) (Wal, 2002). It has been reported
that casein is heat resistant and is responsible for persistent milk allergy i.e. milk allergy that
is not outgrown during childhood (Jarvinen et al., 2002). Whey proteins are heat labile and
are commonly implicated in transient milk allergy i.e. milk allergy that is outgrown (Bloom et
al., 2014). Based on the National Institute of Allergy and Infectious Disease (NIAID) guideline

(Burks et al., 2011), cow’s milk allergy is classified as:

1. IgE-mediated CMA that occurs immediately and up to 2 hours after exposure to
cow’s milk proteins and causes the rapid release of mediators from effector cells
(mast cells, basophils), resulting in acute skin, airway and gastro-intestinal (Gl)

symptoms.

2.  Non-lgE-mediated CMA that can take place up to 4 to 72 hours after ingestion of the
offending food. Clinical symptoms are subacute or chronic in nature and usually
present with isolated Gl symptoms. There are different forms of non-Ige-mediated
food allergies such as mild to moderate non-Ige-mediated CMA, eosinophilic
esophagitis, eosinophilic gastritis and gastroenteritis, food protein-induced
enterocolitis syndrome (FPIES), and allergic proctocolitis. Figure 2.1 shows the

different types of CMA.



Cow’s Milk Allergy (CMA)

T~

IgE-mediated CMA Non-IgE mediated ~ Mild to moderate

CMA non-lIgE-mediated

Food Protein

induced
Eosinophilic
Esophagitis

Other forms of non-

IgE-mediated CMA

e.g. cow’s milk

Figure 2.1: Different types of Cow’s Milk Allergy

This PhD research project is focused on IgE mediated CMA and mild to moderate non-IgE

mediated CMA.

2.2.2 Epidemiology and prognosis

The prevalence of CMA ranges from 1.9 to 4.9% in children, making this type of allergy the
most common food allergy in the paediatric population (Fiocchi, et al., 2010). In the
developed world, it is approximately 2 to 3% and these percentages are mainly referring to
IgE-mediated CMA (Sicherer, 2011). The prevalence of non-IgE-mediated CMA is still not well
known. UK data from 2008 estimated that the prevalence of CMA is 2-3% in young children
aged 1-3 years old and that the majority of these children suffer from non-Ig mediated CMA
(Venter et al., 2008). Further evidence from the UK showed that the majority of non-IgE-
mediated CMA cases present with mild to moderate allergic reactions to cow’s milk (Venter
et al., 2013). However, conclusions from a 2015 systematic review meta-analysis indicate

that it is difficult to estimate the actual prevalence of cow’s milk allergy in children due to
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the heterogeneity of paediatric population between the studies and the lack of uniformity of

CMA diagnostic criteria (Schoemaker et al., 2015).

Cow’s milk allergy prognosis is usually considered to be good and the majority of children
outgrow their CMA by 3 years old (Venter et al.,, 2008). However, the actual time of
resolution varies in infants and children, hence they are re-evaluated at 6 to 12 monthly
intervals for the development of tolerance (Luyt, Ball, et al., 2014). In 2002, Host et al
followed a cohort of 1740 new-borns and found a good prognosis of CMA with a total
recovery of 56% at 1 year, 77% at 2 years, 87% at 3 years, 92% at age five years and 97% at
age 15 years (Host et al., 2002). They reported that children with non-IgE-mediated-CMA
had a better prognosis compared with young children with IgE-mediated CMA, who had a
higher risk of persistent allergy, and of suffering from other food allergies and conditions
such as asthma and rhinoconjunctivitis (Host et al., 2002). In 2014, Host et al reported that
45-50% of children tolerated milk by one year of age, 60-75% by two years, and 85-90% of
participants by three years of age. Other studies reported that 15% of children with IgE-
mediated CMA had persisting milk allergy at the age of eight, while those children with non-
IgE mediated CMA had outgrown their allergy at age of five (Saarinen, Pelkonen, Makelad, &
Savilahti, 2005). A United States study in IgE-mediated CMA children reported that the rates
of acquired tolerance were 19% by 4 years, 42% by 8 years, 64% by 12 years, and 79% by 16
years (Skripak, Matsui, Mudd, & Wood, 2007). Hence, published data regarding the age at
which children outgrow their milk allergy is inconclusive, due to different study populations,
diagnostic criteria, and types of CMA. The exact mechanism of tolerance development is still
unclear and depends on several factors including the type of CMA (IgE or non-IgE-mediated
CMA), genetic predisposition, nature and dose of the allergen, age at first antigen exposure,

and frequency of delivery of the food allergen (Nowak-Wegrzyn & Sampson, 2011).

2.2.3 Pathogenesis and symptoms

Cow’s milk allergy usually presents in infancy and the most affected children develop
symptoms before 6 months of age. The onset of symptoms starts rare after the 1% year of
life (Sampson & Anderson, 2000). The lack of microbial exposure during the first year of life
has been associated with risk of allergic sensitisation (Burbank, Sood, Kesic, Peden, &
Hernandez, 2017). Most infants manifest CMA symptoms within 1 week after ingestion of

milk-formula ( Host & Halken, 2014). Cow’s milk allergy may be developed in both breastfed
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and cow’s milk formula fed infants, and it usually involves two or more symptoms in two or
more organ systems. The main systems that are affected are the skin (50-70% of individuals)
gastrointestinal (50-60%) and respiratory systems (20-30%) (Host et al., 2014). The
pathogenesis of CMA is complicated and depends on the genetic predisposition,
environmental factors, conditions of exposure to milk allergen and the features of the

causative allergen (Lee et al., 2017).

The immunological mechanism regarding the development of CMA is not very clear. It is
known that CMA is caused by both IgE and non-IgE-mediated mechanisms and it results from
either the failure to develop normal tolerogenic processes or their later breakdown (Vitaliti
et al., 2012). Different factors may affect the development of IgE and non-IgE-mediated
reactions to food in infancy and early childhood. In a large cohort of 1140 infants, eczema,
rhinitis and dietary pattern were identified as risk factors in Ige-mediated-CMA, whilst in
non-IgE-mediated CMA the risk factors were pets in the home, dietary pattern, maternal
consumption of probiotics during breastfeeding and age at first solid food introduction
(Grimshaw et al., 2015). The underlying mechanism of CMA also results in different symptom

presentation between IgE and non-IgE-mediated CMA as follows:

IgE-mediated-reactions and symptoms

In IgE-mediated CMA, milk specific T helper cells type-2 (Th2) are activated and lead to the
production of milk specific IgE. Patients release IgE antibodies (Abs) from B cells when milk
proteins or peptides pass through the skin and penetrate the gastrointestinal or respiratory
lining. The allergic response to antigen (e.g. milk protein) entrance takes place in two stages

(Nakanishi, 2010):

1%t stage - Sensitisation or antibody induction:

Mast cells are found on mucosal epithelia and their number is increased at sites of Th2 during
the allergic response. IgE immunoglobulins are bound to mast cells, blanketing the plasma
membranes of these immune cells. Half a million IgE molecules coat the surface of mast cells

and bind to the high-affinity IgE receptors (Hong et al., 2016).

2" stage: Elicitation or effector phase



An exposure to the same allergen cross-links the cell-bound IgE complex and leads to
degranulation of mast cells within 5 to 16 minutes. The degranulation of mast cells
induces the release and synthesis of important inflammatory mediators (vasodilation,
bronchoconstriction, cellular localisation, eosinophil attraction) which are responsible for

the characteristic symptoms of Type 1 hypersensitivity (Forsythe, 2016; Hong et al., 2016).

IgE-mediated-CMA presents with early onset symptoms that occur within minutes to 2 hours
after ingestion of milk proteins. Histamine that is released in the circulation may cause
oedema of the mouth and throat, rhinitis, red skin, angioedema, breathing difficulties, or an
asthma attack (Fiocchi et al., 2010; Forsythe, 2016). Gastrointestinal symptoms such as
diarrhoea, nausea, vomiting, and abdominal pain may be accompanied by symptoms of
other organs (Eigenmann, 2007). IgE-mediated reactions are responsible for severe
symptoms such as hypotension, vascular collapse, cardiac dysrhythmia and anaphylactic
shock. Anaphylaxis is a life-threating reaction and its treatment is based on early
administration of adrenaline. An untreated anaphylactic reaction may be fatal for the patient
(Eigenmann, 2002). The severity of reactions cannot be predicted by the degree of past
reactions and allergy tests such as the size of the SPT wheal and levels of milk specific IgE,
due to their poor predictive value as a screening tool (Luyt, Ball, et al., 2014). The coexistence
of other atopic conditions such as asthma, atopic eczema, the patient’s age, and the degree
of sensitisation may also influence the severity of the reaction (Burks et al., 2011). The
symptoms of IgE-mediated CMA are usually manifested after the offending food intake and

can be identified quite easily (Table 2.1).

Mild to moderate non-lgE-mediated reactions and symptoms

The exact mechanism of non-IgE-mediated CMA is unknown. Non-IgE-mediated CMA
reactions are thought to be due to Thl-mediated inflammation. The Th1- cells secrete the
cytokine interferon-y and activate inflammatory pathways mainly via macrophage activation.
Sensitisation of T-cells and production of cytokines may cause inflammation, tissue damage
and formation of epithelial and giant cells (Vitaliti, 2012). T-cell mediated response to milk
proteins may exacerbate conditions such as eczema, asthma, and rhinitis in children with
CMA (Host et al.,, 2002). Non-IgE-mediated responses are characterised by delayed
hypersensitivity reactions where the clinical symptoms may be manifested 2-48 hours after

consumption of cow’s milk. However, in some cases, non-IgE-mediated CMA symptoms may
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occur within days/weeks after ingesting milk or milk products. These types of symptoms are
usually accompanied by other conditions such as eczema or respiratory disorders (Sicherer
& Leung, 2013). Clinical symptoms are subacute or chronic in nature and usually present with
isolated Gl symptoms. The severity of a reaction to a food allergen varies according to the
form of the food (raw, cooked or processed), amount ingested, and the co-ingestion of other

foods (Burks et al., 2011). The clinical features of IgE and mild to moderate non-IgE-mediated

CMA are summarised in Table 2.1.

Table 2.1: Clinical features of CMA

Skin

Gastrointestinal

Respiratory

333

Pruritus
Erythema

Acute urticaria

Angioedema (lips,
tongue, palate)
Oral pruritus
Diarrhoea
Nausea

Vomiting

Nasal itching
Rhinorrhoea
Sneezing
Congestion

Chest tightness

11

Pruritus
Erythema

Atopic eczema

Gastro oesophageal reflux
Food reflux/aversion
Abdominal pain/infantile colic
Pallor and tiredness
Loose/frequent stools
Constipation

Perianal redness

Faltering growth in conjunction
with at least one or more
gastrointestinal symptoms
above (with or without

significant atopic eczema)



e Wheezing

Other e Signs or symptoms
of anaphylaxis or
other systemic

allergic reactions

Differentiating CMA from lactose intolerance

In routine clinical practice, lactose intolerance may be confused with milk allergy, not only
from a carer’s point of view but also from that of GPs. However, the management of these
conditions are completely different and an inappropriate recognition may lead to
unnecessary dietary restriction. Lactose intolerance is a non-immunological response and it
is caused by enzyme deficiencies, pharmacological agents or other substances (Fiocchi et al.,

2010). This PhD research is not focused on lactose intolerance.

2.2.4. Diagnosis

There is a worldwide debate in the diagnosis and management of CMA, due to the lack of
specific symptoms and reliable indicators and tests. Cow’s milk allergy may be over-
diagnosed or under-diagnosed in many cases by healthcare professionals, due to the
confusion of presented symptoms. In 2015, Lozinsky et al published a study regarding the
experience of GPs and parents on recognition and management of CMA. They reported a

lack of awareness of guidelines and training of GPs in the diagnosis of CMA, whereas parents
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had different perceptions from GPs on the presentation and improvement of CMA symptoms
(Lozinsky et al., 2015). The findings above are supported by other studies that found CMA
diagnosis was often delayed, taking four to nine weeks (Sladkevicius & Guest, 2010;
Sladkevicius, Nagy, Lack, & Guest, 2010). A further study found that parents may incorrectly
perceive their children to have experienced an allergic reaction to milk (Elizur, Cohen,
Goldberg, Rajuan, & Katz, 2013). An early and correct diagnosis of CMA is important to
prevent ongoing symptoms and avoid unnecessary dietary restrictions from the diet of
infants or children. In clinical practice the patient’s history and clinical examination is

important to evaluate the different form of cow’s milk allergy.

IgE-mediated CMA

The clinical diagnosis in IgE-mediated CMA is based on a combination of typical presenting
symptoms and evidence of sensitisation by the results of immune markers such as SPT and

sIgE levels:

- Skin Prick Test (SPT)

Is used to identify sensitisation to an allergen(s) by measuring the specific IgE bound to the
mast cell. The location of each allergen is marked with a pen on the forearm. The distance
between two tests should be >2cm to avoid contamination which may result in a false-
positive reaction. A drop of either commercial or natural food solution is placed on the skin
in identical order and it is immediately pricked. The wheal response is measured after
transfer to paper from the skin with translucent tape. Measurement is undertaken in
standard fashion, measuring the largest wheal diameter and the diameter orthogonal to it.
The mean wheal diameter is calculated. Results are classified as positive if the mean diameter
is 3 mm or more in the presence of a negative control (0.9% saline, Soluprick SQ allergens)
and a positive histamine (10 mg/mL, Soluprick SQ allergens) reaction after 15 minutes

(Bartnikas, Sheehan, Schneider, & Phipatanakul, 2012).

- Milk Specific IgE immunoassay blood testing

It has been used in CMA diagnosis for many years. It is a blood test that measures the amount

of the circulating IgE antibody in the serum produced when the individual is exposed to a
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specific food protein. Like SPT, blood testing can detect the presence of IgE, but a positive
result does not in itself make a food allergy diagnosis. SPT and specific IgE testing can be used
as a single test or in combination. A blood allergy test is used in cases of severe atopic
dermatitis (eczema), extreme sensitivity, or the need to continue antihistamine therapy as
SPT is not indicated. Blood samples are collected for measurement of specific IgE antibody
levels to milk, casein and B-lactoglobulin. Serum specific IgE levels are considered positive at
levels of 20.35 kUA/I. Clinical performance is expressed as sensitivity, ranging from 85-95%
and specificity, ranging from 86%-94%. Sensitivity and specificity have been reported from
multi-center studies including several hundred patients tested for a range of different
allergens. Commercially available tests and reagents are used according to the instructions

of the manufacturer (Bartnikas, Sheehan, Schneider, et al., 2012).

The individualised clinical assessment may include the patient’s history, physical
examination, trial elimination diet, diet diaries, oral food challenges, SPT with fresh milk or
commercial reagents, and IgE measurements for determining milk-specific serum IgE against

milk proteins such as casein, a-lactalbumin and B-lactoglobulin (Boyce et al., 2010).

- Food challenges

The double-blind placebo-controlled challenge is the gold standard in CMA diagnosis, but in
practice this process cannot be used because it is expensive and time-consuming. Currently,
in clinical practice a medically supervised oral (open) food challenge is conducted for the milk
allergy diagnosis and it is often required to confirm the diagnosis of CMA because of the
limitation in the diagnostic accuracy of the SPT and specific IgE testing, even in combination
with the clinical history (Dambacher, de Kort, Blom, Houben, & de Vries, 2013). In oral food
challenge fresh milk is usually used rather than baked milk for the CMA diagnosis. Oral milk
challenges are carried out according to a hospital protocol in a well-equipped place in the
clinic and supervised by a clinician (Fiocchi et al., 2010). A small and incremental amount of
challenge food is administered within a period of 2-3 hours, followed by 2 hours of
observation. In case of allergic reaction, the process is usually interrupted and necessary
treatment is provided. Oral food challenge is called “positive” when the patient has an
allergic reaction to food and “negative” when the milk challenge is completed without an
allergic reaction. Oral milk challenges are used to determine if a patient has outgrown an

existing milk allergy or to confirm CMA when the history or the allergy tests are unclear (Luyt,
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et al., 2014). However, oral food challenges are time consuming and include the risk of
anaphylaxis. SPT and slIgE cut-off values are being explored as they are cheaper, easier and
less invasive (Hill, Heine, & Hosking, 2004; Sporik, Hill, & Hosking, 2000). A positive SPT or
specific serum IgE test is not used to confirm the diagnosis because they indicate
sensitisation to allergens (Calvani et al., 2007; Celik-Bilgili et al., 2005; Verstege et al., 2005).
These tests should be combined with a clear history of an allergic reaction to confirm the

diagnosis (Costa-Pinto & Basso, 2011).

Mild to moderate non-lgE-mediated CMA

The clinical diagnosis in non-Ige-mediated CMA considers the development of delayed
gastrointestinal or cutaneous symptoms that improve or resolve with exclusion and reappear
with reintroduction of cow’s milk (Koletzko et al., 2012). Home milk-containing food
reintroduction challenges are used to confirm the diagnosis and determine the tolerance to
milk in mild to moderate non-IgE-mediated CMA (Venter, Laitinen, & Vlieg-Boerstra, 2012).
In severe forms of non-IgE-mediated CMA, food challenges are not recommended at home
and these patients are referred to secondary/tertiary care (Venter et al., 2013). Currently,
the elimination and reintroduction of the milk/milk containing food is the only reliable
diagnostic tool, due to the absence of validated diagnostic skin or blood tests (Luyt et al.,

2014). Table 2.2 summarises the main characteristics of IgE and non IgE—mediated CMA.

Table 2.2: Main characteristics of IgE and non-IgE-mediated CMA

Diagnosis Allergy tests (IgE, SPT, Clinical history and Food
food challenge taken in challenge
combination with clinical

history)
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Time of exposure to From minutes to 2 hours  From several hours to days

reaction
Severity of symptoms Mild to anaphylaxis Mild to moderate
Duration of CMA May persist beyond 1 Usually resolved by 1 year

year of age

2.2.5. Management and treatment

The mainstay of CMA management is based on individualised avoidance of cow’s milk and
foods containing cow’s milk from the patient’s diet. The allergen avoidance helps in resolving
the symptoms within approximately 2 weeks (Ludman, Shah, & Fox, 2013). Nutritional
counselling and education regarding the management of allergic reactions are essential
during CMA treatment (Venter et al., 2012). Children on prolonged milk free diets may be at
risk of protein and energy malnutrition if specialised dietetic input is not provided (Meyer et
al., 2013). Specialised allergy or paediatric dietitians play an important role in choosing milk
formulas; monitoring of nutritional status; suggesting nutritional supplements; providing
dietary advice for the breast-feeding mothers and infants; providing appropriate weaning
advice; and recommending which foods should be omitted and which foods could be added
to/tolerated in the diet of children with CMA (Groetch & Nowak-Wegrzyn, 2013; Mehta,
Groetch, & Wang, 2013). Leaflets with written advice regarding suitable substitutes and
recipes, online information and education regarding the food labels and lifestyle adjustment
is an additional part of dietetic support (Venter et al., 2012). Children, who usually remain
on the elimination diet for at least six months or one year, are individually assessed by the
medical team for reintroduction of Cow’s Milk (Burks et al., 2011). In formula-fed infants an
extensively hydrolysed formula (EHF) and amino acid formula (AAF) are available for the
management of CMA because they are less likely to trigger an allergic reaction. EHF consists
of cow’s milk proteins (casein or whey) that are broken down in smaller peptides while AAF

are composed of pure synthetic amino acids (Host & Halken, 2004). Studies have shown that
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AAF and EHF may provide a balanced nutrition with normal growth and development of
infants suffering from CMA (Agostoni, Terracciano, Varin, & Fiocchi, 2016; Dupont, Hol,

Nieuwenhuis, & group, 2015; Vandenplas, De Greef, Hauser, & Group, 2014).

Oral immunotherapy treatment (OIT) or oral tolerance induction is a possible option for IgE-
mediated CMA treatment in the future. OIT involves the ingestion of increasing amounts of
milk allergen on a regular basis to desensitize and help patients to develop tolerance. Some
studies have used OIT and found that it provided effective sensitisation in young children
with CMA (Chen & Land, 2017; Longo et al., 2008; Staden et al., 2007; Tripodi et al., 2013).
However, immunotherapy for cow’s milk is still under investigation and not considered as
part of routine clinical practice because severe allergic events occur during oral
immunotherapy (Pajno et al., 2017; Taniuchi, Takahashi, Soejima, Hatano, & Minami, 2017).
Prospective control studies are required to investigate and compare the effectiveness of the
development of tolerance to milk via introducing of natural baked milk containing foods or

as a form of OIT.

2.2.6 Effects of CMA on patients and family - Impact of food challenges

Patients with a food allergy experience social and food restrictions and the constant
vigilance required to manage their disease may impair their health-related quality of life.
Research indicates that parents/caregivers of children with food allergies report that they
and their children have a low quality of life compared with parents of healthy children or
children with chronic diseases such as diabetes mellitus type 1, asthma, rheumatoid arthritis
or other long-term conditions (Flokstra-de Blok et al., 2010). Another study demonstrated
that parents or caregivers avoided including their child in social events, parties or any other
family activities due to their concerns about any potential allergy food trigger exposure for
their child (Bollinger et al., 2006). Having a child with food allergy can also impact the well-
being of parents. Having a child who experiences unpredictable severe reactions and
anaphylaxis has been associated with increased anxiety and stress in parents/caregivers (Lau
et al, 2014). Additionally, there is evidence to suggest that parents of children with food
allergy report increased anxiety, stress and depression compared with parents of children
with no food allergy. Some parents have higher stress and anxiety due to the uncertainty of
not having a medical diagnosis of their children’s food allergy or lack of information related

to the food allergy management from healthcare professionals (Birdi et al., 2016). Family
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quality of life may be influenced by different factors such as age of the child, severity of
reactions, food allergy trigger, previous life threatening reactions, having other concomitant
allergy (eczema, asthma, other food allergy or multiple food allergy) (Antolin-Amérigo et al.,

2016).

A well-conducted study has found that limited (or lack of) access to appropriate national
health service primary and specialist care and inadequate support for effective long-term
management of food allergy is associated with increased anxiety and stress for parents and
their children (Akeson et al, 2011). Another study found that providing newly-diagnosed food
allergic patients, and their families, with accurate and easily accessible (via a website) food
allergy management information written by specialised healthcare professionals improved
parents’/caregivers’ and patients’ quality of life (Vagras et al 2007). Family quality of life may
be influenced by environmental factors such as lack of allergy awareness or lack of access to
appropriate healthcare (Antolin-Amérigo et al., 2016). Hence, based on the evidence above,
effective  communication between parents/caregivers/patients and healthcare
professionals, and access to accurate and comprehensive information related to health-
decisions could benefit parents and patients to improve their quality of life and reduce stress

and anxiety.

Interestingly, food challenge outcomes (both positive and negative) seem to have a
beneficial role in the psychological condition of parents and children. Recent studies report
that food challenge outcomes in peanut/egg allergic children reduced parental concerns and
anxiety and improved their quality of life even when the outcome of a food challenge was
positive (Howe, Franxman, Teich, & Greenhawt, 2014; Kemp, Allen, & Campbell, 2009;
Zijlstra et al., 2010). Knibb et al (2012) observed that allergy patients who undertook a food
challenge had improved health- related quality of life and reduced parental anxiety
compared to food allergic children that did not undergo a food challenge. A recent meta-
analysis assessed seven studies related to the effects of food challenges on food allergy
health-related quality of life and found that food challenges are associated with improved
food health-related quality of life of patients and reduced parental concerns and burden

regarding the food allergy management of their children (Kansen et al., 2018).
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Looking specifically at the impact of milk allergy on patient and family quality of life, there
is limited evidence regarding its impact. However, one study has found that milk or egg
allergy is associated with worse total and domain-specific caregiver QoL scores versus peanut
or tree nut allergy (Howe et al., 2014). This is understandable given that food allergy triggers
like milk and egg are hidden in a variety of foods and are mainly associated with severe
reactions and anaphylaxis in children (Anagnostou, 2018). In children, most deaths that have
been reported were caused by hidden food ingredients to which the patient was highly
allergic. Interestingly, a recent review of studies demonstrates that cow’s milk and

seafood/fish are the main allergy food triggers that provoke fatal

reactions in many countries (Pouessel et al., 2018). The very severe nature of IgE- mediated
milk allergy means that there is likely a great impact on Qol, although a limited number of

studies have explicitly explored this.

Hence, parents’ and children’s quality of life is affected by the constant threat of exposure
to food allergy triggers and the vigilance required to avoid any undesirable exposure or food
contamination during daily social or family activities such as family and school meals, parties,
eating out. Also, the potential difficulties regarding access to resources and information
regarding how to cope with stress during CMA management, and uncertainty regarding
reliability of the given information may add further stress for caregivers and patients. Despite
the increased use of gradual allergen introduction as a potential treatment for patients with
food allergy there is however a lack of studies that demonstrate the effects of long-term

gradual allergy food introduction on children’s and their parents’ quality of life.

In particular, there is no data regarding the impact of home baked milk introduction on
children and their families despite this being a staple of milk allergy management and
treatment. Due to the research gap in this field, one of the purposes of this research is to
listen carefully to parents that gradually introduce baked milk products into the diet of their
milk allergic children and understand their experience, fears, concerns and needs during this
process. Understanding of parents’ concerns and needs can contribute to the improvement
of resources such as clear and concise leaflets or a design of a comprehensive milk ladder
plan, and any other educational materials that would likely reduce parental stress during the

management and treatment of their children milk allergy.
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2.3. Use of baked milk in the management of IgE and mild to moderate

non- IgE-mediated CMA

The milk-free diet may help CM allergic children to prevent milk allergic reactions and
inflammation, but may have a negative impact in the adequate intake of essential nutrients.
Undernutrition may not only have consequences in children’s development and growth, but
also impair proper socialisation and family quality of life (Meyer et al., 2017). Children usually
remain on the elimination diet for at least six months or one year and are individually
assessed by the medical team for reintroduction of cow’s milk at regular intervals (Burks et
al., 2011). Current research indicates that tolerance to cow’s milk is developed with time and
this process can be helped with the gradual re-introduction of small amounts of baked milk
or baked milk containing foods into the diet of children who are still allergic to milk (Dupont,
2013). However, the appropriate timing of baked milk reintroduction and place
(hospital/clinical setting or home/outside the clinical setting) to conduct the first
reintroduction of cow’s milk are challenging questions for healthcare professionals and
carers/patients. The process of assessment of the suitability of candidates for baked milk re-

introduction depends on the type of CMA.

For IgE-mediated-CMA, clinically supervised oral food challenge (Jarvinen & Sicherer, 2012)
and immune markers assessment including SPT and milk specific IgE (Boyce et al., 2010) in
combination with the medical history are used to identify candidates’ potential to tolerate
CM. In IgE-mediated-CMA there is a risk of anaphylaxis and oral food challenges must be
carried out under medical supervision in a well-equipped area suitable for treating severe
reactions, close to an intensive care unit (Fiocchi et al., 2010). Hospitals follow a specifically
designed protocol which includes criteria for determining allergic reactions, parental
informed consent forms and information regarding the challenge food and process (e.g.
dose). Milk challenges usually form the first step of a gradual re-introduction of milk or milk-
containing foods. In recent years, CM allergic children are challenged using baked milk
products (which are less allergenic) before moving on to challenges using fresh milk-
containing products where appropriate. Baked milk challenge is a process of using baked milk
or a milk-containing food (biscuits/muffin/pizza) in increasing doses over a period of one day
(e.g. eating the same cake in increasing amounts) to perform a food challenge (Venter et al.,
2013). Research is increasingly informing us that food processing such as baking or cooking

at high temperatures, exposure to low pH or enzymatic digestion may destroy specific milk
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proteins and help many children to tolerate baked milk-containing foods such as biscuits,
breads, cakes, waffles and macaroni cheese (Nowak-Wegrzyn et al., 2008). However, there
are children who may react to baked milk and an initial challenge to very small amounts of
baked milk should be undertaken with support from a child’s doctor or dietitian. Table 2.3
summarises the dietary management differences between Ig and mild to moderate non-

IgE-mediated CMA.

Table 2.3: Differences between dietary management in IgE and non-IgE-mediated

CMA

Initial elimination/avoidance of cow’s
milk and milk containing foods in a
period of 2- 4 weeks — In long: 6 months

to 1 year

Maternal avoidance of milk and milk
products may be required in breastfed

infants

Complete avoidance including “traces”

Potential tolerance to small amounts of

milk/milk containing foods

Potential tolerance to baked milk/baked

milk foods

Initial elimination of cow’s milk and milk
containing foods in a period of 6 months

to 1 year

Maternal avoidance of milk and milk
products may be required in exclusively

breastfed infants

No need to avoid “traces”

Potential tolerance to small amounts of

milk/milk containing foods

Potential tolerance to baked milk/baked

milk foods
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2.3.1 Guidelines in the use of baked milk

This section will discuss what guidelines have been developed to aid healthcare professionals to
decide who CMA patients are optimal candidates for baked milk introduction in the
management of IgE and non- IgE mediated CMA. This section is not a part of the systematic

review.

Guidelines in IgE-mediated CMA
Currently, the only guidelines that are focused on IgE-mediated cow’s milk allergic patients
and help healthcare professionals to select, monitor, and prepare appropriately, potential
candidates for baked milk reintroduction are published by the British Society of Allergy &
Clinical Immunology (BSACI) (Luyt et al., 2014). The BSACI guidelines for the diagnosis and
management of CMA state that baked milk challenges could be used before fresh milk
introduction because the reaction to baked milk is less likely to be severe during food
challenges (Luyt et al., 2014). They suggest that baked milk reintroduction might be
attempted in hospital or at home for children with IgE-mediated CMA according to the

clinical criteria outlined in Table 2.4.

Table 2.4: Criteria taken into consideration in the baked milk reintroduction

e Children that had only cutaneous e Poorly controlled asthma and regular
symptoms on a mouthful milk allergen asthma preventative inhaler treatment
exposure e Multiple or complex allergy

e Reduction of milk specific IgE and Skin ® Parents/carers who find it difficult to
Prick Test comprehend and comply with the

® No reaction to milk in the past 6 protocol
months e Less severe reaction with trace of milk

allergen exposure
e Previous CMA symptoms affecting
breathing, gut or circulation
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Guidelines in mild to moderate non-IgE-mediated CMA
Currently, the only published guidelines related to baked milk introduction in mild and
moderate non-IgE-mediated CMA have been introduced by the “ MAP Guidelines (2013)”
and its updated version “the iIMAP Guidelines (2017)” (Venter et al., 2017; Venter et al.,
2013). These guidelines not only enhance the knowledge of healthcare professionals in
primary care and provide more help in recognising and differentiating between potential IgE-
mediated CMA and non-IgE-mediated CMA but also confirm that all those remaining children
diagnosed as mild to moderate non-Igé mediated CMA are suitable for home baked milk
introduction (Venter et al.,, 2017). For the management of mild to moderate non IgE -
mediated CMA the MAP and iMAP guidelines have suggested a baked milk food protocol that
is also called a milk ladder (appendix 6) for gradual reintroduction of milk containing foods
into the diet of non-IgE mediated CMA children at home. There are a variety of milk ladders
that are distributed to patients or their caregivers by hospitals. However, none of these milk
ladders have been validated by a clinical trial. A rationale for a milk ladder classification is
presented in Figure 2.2. The scale starts in the first stage with less allergenic foods (lower
dose of protein and more denatured) and completes gradually with more allergenic foods

(higher protein dose and less denatured).

Stage 4

y | Stage 3 Fresh milk products
Stage 2 Larger quantity Less  e.g uncooked cheese
Stage 1 Larger quantity heating AND Less Uncooked non-yogurt
Baked AND Matrix matrix OR All with desserts e.g. ice-cream or
Small quantity effect OR Traces some degree of mousse Cow’s milk UHT
Baked AND without matrix or protein change with ~ milk followed by
Matrix effect with minimal heating or pasteurised milk and then
e.g small crumb heating manufacturing unpasteurised milk (if
of biscuit <1g of e.g other baked e.g.products preferred)
CMP per biscuit. products containing cooked
Build up to whole containing CMP cheese or whole
biscuit over 5 e.g. biscuits, cakes, cow’s milk as heated
weeks muffins, waffles, ingredient e.g. pizza,
scotch pancakes. cheese sauce,
Butter, margarine. custard, rice
Cheese powder pudding. Chocolate;
flavouring chocolate coated

items Fermented
desserts Yogurt
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Figure 2.2: Classification of a milk ladder (Luyt, Ball, et al., 2014)

However, there are a variety of milk ladder versions available that are distributed by
hospitals and there is not any milk ladder that has been validated by a clinical trial. In
addition, hospitals follow their own baked milk challenge protocols based on different
methods and guidelines (there is a lack of standardisation in the practice, process and dose
regimes), and these different approaches may have different immunological effects (Upton
& Nowak-Wegrzyn, 2018). In particular, baked milk tolerant children may react to milk and
their reactivity could be unpredictable and severe (Bartnikas, Sheehan, Hoffman, et al., 2012;
Nowak-Wegrzyn et al., 2008; Upton & Nowak-Wegrzyn, 2018). For this reason, many
researchers suggest medical supervision for the initial baked milk introduction in children
with IgE mediated CMA. The MAP guidelines (2013) suggest that no child with IgE-mediated
food allergy should have a challenge in primary care or community settings (Venter et al.,

2013).

European Society for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN)
guidelines (2012) recommend to not prolong unnecessary dietary restrictions and suggest
supervised CMP challenges (Koletzko et al., 2012). WAO Guidelines (2010) recommend that
all interventions and avoidance strategies be re-evaluated on a yearly basis and oral food
challenges should be carried out under medical supervision (Fiocchi et al., 2010). However,
in contrast to these guidelines, as mentioned above, the BSACI milk allergy guidelines suggest
home introduction of milk using a “milk ladder” in IgE-mediated CMA (Luyt et al., 2014; Luyt,
Krishnan, Huber, & Clark, 2016). Hence, the lack of a national or international agreement
regarding the baked milk containing food introduction could lead to different advice that
could confuse caregivers and expose IgE-mediated cow’s milk allergic children to the risk of

an accidental reaction.

- Mild to moderate non-IgE-mediated CMA

The only guidelines related to BMC and ML in mild and moderate non-IgE-mediated CMA are

the MAP Guidelines (2013) and its updated version “the iMAP Guidelines” (2017) (appendix
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8) that suggest that all those remaining children diagnosed as mild-moderate non-IgE
mediated CMA are suitable for home baked milk introduction (Venter et al., 2017; Venter et
al., 2013). The international iMAP recommendations enhances the knowledge of healthcare
professionals in primary care and provides more help in recognising and differentiating

between potential IgE-mediated CMA and non-IgE-mediated CMA (Venter et al., 2017).

2.4. Role of baked milk in the development of milk tolerance in CMA

A literature review taking a systematic approach has been conducted to identify and critically
evaluate studies that have investigated the effects of baked milk challenges on the
development of milk tolerance in children with IgE and non-IgE mediated CMA and the role
of immune markers (SPT and milk sIgE) in predicting oral milk challenge outcomes in IgE-
mediated CMA. The purpose of this review is to explore what is known about the
introduction of baked milk in milk allergic patients specifically regarding the usefulness and
safety of this procedure, and which immune markers are currently used to identify the

development of tolerance to milk containing foods in IgE-mediated CMA.

2.4.1 Methods of the systematic review

Data source - Search Strategy for identification of relevant studies

Published studies were identified by using Web of Science, PubMed (U.S National Library
of Medicine & National Institutes of Health), CINAHL Heading and also Cochrane Central
Register of Control Trial (CENTRAL) databases from 1995 until 2018. The search was
performed by a combination of Medical Subject Heading (MeSH) algorithms (appendix 5)
and the following keywords: Cow’s milk allergy, baked milk challenges, heated milk foods,
baked milk tolerance, milk ladder. Citation searching was also carried out using the search
engine Google Scholar and Scopus citation database to identify peer-reviewed articles,
abstracts and full-texts. The bibliographic software EndNote Reference Manager was used

to manage and record references.
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Study Design
Study selection including initial screening of titles and abstracts was performed to identify
potentially relevant papers. The selection of included full papers was based on the

following inclusion or exclusion criteria:

Inclusion criteria:
This review considered:

e All studies that used baked milk challenges and immune markers to diagnose CMA
or identify tolerance to cow’s milk protein or baked milk in children and adults with
any study design (Observational case control - cross sectional — Prospective and
retrospective cohorts and Randomized Control Trials).

e Published and unpublished articles and monographs,

o “Grey literature” that includes organisational project papers and clinical guidelines
{National Institute for Health and Clinical Excellence (NICE) guideline, British Society
of Allergy and Clinical Immunology (BSACI) guidelines for the Diagnosis and
Management of Milk Allergy, European Academy of Allergy and Clinical Immunology
(EAACI) guidelines and American Academy of Allergy, Asthma and Clinical
Immunology (AAAAI) recommendations in the management of food allergen
introduction.

e Full reports of studies during the period 1990-2018.

Exclusion criteria
Studies which did not involve baked milk challenges/introduction of baked milk containing
foods to diagnose or determine development of tolerance to cow’s milk were not included

in this review.

Study Selection
The identified references for which the title and abstract appeared to meet the
predetermined inclusion criteria were obtained and their full papers were evaluated.
Eligible studies were those relevant to the use of baked milk challenges and protocols in
the diagnosis of CMA or in determining tolerance development to baked milk. Studies
related to the role of immune markers (Specific milk IgE immunoglobulins and Skin Prick
Test) in predicting food challenge outcomes in forms of baked milk were evaluated.

Duplicate publications of research results were assessed. The search results were imported
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into EndNote, a reference management software program. A flow diagram is provided
below with the number of articles reviewed at each stage according to the PRISMA
(Preferred Reporting Item for Systematic Review) group (reference needed here to the

PRISMA guidelines).

Web of science data Pub Med database CINAHL Cochrane Library

base (n)*=1267 (n)*=4548 Headings(n)*=0 (n)*=0

\ | |

(n)*=2020 duplicated studies removed,
leaving 3795 articles to be screened

—| screened —

title with human participants

(n*)=276excluded-not

I (n)*=1744 excluded - on (n)*= 3795 articles (n)*=1739 excluded not conducted
|

related with baked milk

challenges
(n)*=312 studies assessed for eligibility -
reviewed bv title & abstracts
(n*)= 98 full text articles are relevant and
included as references in the study
n*=8 original articles are eligible and
evaluated with a systematic way
(n*)=2 retrospective, (n*)= 6 Cohort prospective,
observational studies (2012) observational studies
(2008,2011,2012,2013,2014,2016)

Figure 2.3: Flow chart of study selection
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Data extraction — Quality assessment
The population characteristics and study design, exposure-outcome measurements,
assessments and findings of the reviewed studies are presented in Table 2.5 and Table 2.6 of
the next section 2.4.2. Quality assessment was carried out on each included study using an
adaptation of the CASP (Critical Appraisal Skills Program) approach which involved an
assessment of internal and external validity.("CASP Appraisal Tools Links with PHRU link.
http:www.phru.nhs.uk/pages/PHD/resources.htm,"). Aspects, such as risk of bias caused by
study design, conduct or analysis, statistical issues (odds ratio, P-value, confidence intervals etc)

and choice of outcome measures were considered.

2.4.2 Discussion of findings

This section is divided into three parts and presents the findings of the studies that have been
reviewed using a systematic approach. In the first part of the section, the baked milk challenge
outcomes of children with CMA are discussed. In the second part of the section the role of
immune markers in predicting baked milk challenge outcomes in IgE-mediated CMA is
introduced. In the last part of the section the clinical symptoms that have been observed in CMA
children who underwent a baked milk challenge in order to evaluate the safety of the baked milk

dietary intake is presented.
Baked milk challenge outcome studies

All the studies that explored the impact of baked milk challenges on the development of milk

tolerance in children with CMA have been reviewed and summarised in Table 2.5.
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Table 2.5: Population characteristics, study design, exposure-outcome measurements,
assessments and findings of the reviewed baked milk studies

References

Nowak-
Wegrzyn
et al. 2008

Kim et
al.2011

Bartnikas
et al. 2012

Design-
Population

Prospective-case
control study
N=100 children
aged 2-17yrs
(median age: 7.5
(2.1-17.3) 7yrs)
Approval by IRB
Mount Sinai, USA

Prospective-case
control study,
N=89 participants
aged 0.5-21yrs
(median: 6.6 (2.1-
17.3)

Comparison
group:N=60
Approval by IRB
Mount Sinai,USA
(June 2004-Oct
2007)

Retrospective
observational
study

N=35 children
aged 3 -18yrs,

Exposure
&assessment
measures

SPT> wheal 8mm
milk specific IgE:
>S5KUA/L if <2yrs
or >15KUA/L if
>2yrs

SPT> wheal 8mm
milk specific IgE:
>S5KUA/L if <2yrs
or >15KUA/L if
>2yrs

Medical records:
Allergist-
documented
history of allergic
reaction to milk
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Preparation of
baked milk
products for
testing

1.3 g of milk
protein from non-
fat dry milk
powder in a
muffin baked at
350 °F for 30 min.
1.3 g milk protein
(cooked in a
waffle maker at
500 F for 3 min)
1.3 g of milk
protein from non-
fat dry milk
powder in a
muffin baked at
350 °F for 30 min.
Cheese pizza
containing 4.6 g
of milk protein
(baked at 425 F
for 13 min or
longer)

1.3 g of milk
protein from non-
fat dry milk
powder in a
muffin/cupcake

Findings

68 (68%) participants
were heated milk-
tolerant,

9 (9%) participants
tolerated heated &
unheated milk,

23 (23%) participants
showed reaction to

heated milk
From 65 children
initially tolerant to

heated milk (HM), 39
(60 %) tolerated
unheated milk. From
the HM reactive group

(n=23), 2 (9 %)
tolerated unheated
milk, 3 (13 %)
tolerated HM and
baked cheese,

whereas the majority
(78 %) avoid  milk
strictly. Children
initially tolerant to HM
were more likely to
become unheated milk
tolerant compared
with reactive
children (p<0.001)
and those who
incorporated dietary
baked milk were more
likely than the
comparison group to
become unheated milk
tolerant (p < 0.001)

83 % (29/35) children
passed BMC &
17%(6/35) failed BMC
Most children allergic
to cow’s milk tolerated
baked milk.

HM



Caubet et
al. 2013

Mehr et
al.2014

Median age: 8.1
(3.1-18)
Approval by IRB
Boston Children’s
Hospital, USA
(Sep 2009-Sep
2011)

2 Cohorts —
Prospective study
N=97 children
from Nowak-
Wegrzyn et al
(2008) study
N=128 children
from Nowak-
Wegrzyn et al
study

Total N=225 from
Kim et al (2011)
study

Median Age of
HM tolerant
group: 7.5 (4.0-
11.0) Age of HM
reactive group:
8.0 (4-10)

Prospective study
N=70

HM tolerant
median age: 4.5
(2.5-8)

HM reactive
median age: 7.3
(4.9-7.3)

and/or positive
testing:

SPT positive
>3mm &
34(97.1%) out of
?? participants
had SPT to casein
-sIgE to milk
lowest limit
35kUA/L& 33
(94%) out of ??
children had slgE
to casein, a-
lactoalbumin
&/b-lactoglobulin
Allergic reaction
to milk in past

6 months and
positive testing
(SPT or slgE), or
highly predictive
testing (slgE

>5 kUa/L if

<2 years or

>15 kUa/L if

>2 years, or SPT
wheal 8 mm)

Allergic reaction
to milk in past

12 months and
positive testing
(SPT or slgE), or
SPT wheal >7 mm
if >2 years or

>5 mm if <2 years

30

baked at 350 °F
for 30 min.

1.3 g of milk

protein from non-

fat dry milk
powder in a
muffin baked at
350 °F for 30 min.
1.3 g milk protein
(cooked in a
waffle maker at
500 F for 3 min)

0.5 g of milk
proteinina
muffin baked at
180 °C for 20 min.

69 % (83/121) passed
baked milk challenges.

51 (73 %) passed the
BMC and incorporated
BM into their diet. 19
children (27 %)
reacted to their
challenge and 4 (21%)
from 21 developed
anaphylaxis and
required
intramuscular
adrenalin. Predictors
of clinical reactivity to
BM were asthma and
a history of CM
anaphylaxis



Ford et
al,2013

Kwan et al
2016

Prospective study
N =132, median
age: 7.6 (4.0-
11.0) Prospective

Prospective study
N=30

Median age:
median age: 7.5

SPT> wheal 8mm
milk specific IgE:
>S5KUA/L if <2yrs
or >15KUA/L if
>2yrs

SPT:8-14mm
slurry muffin
Included patients
with SPT>8mm -

1.3 g of milk
protein from non-
fat dry milk
powder in a
muffin baked at
350 °F for 30 min.
Pizza (4 g of milk
protein baked at
425 F for at least
13 min), rice
pudding (7.7 g of
milk protein
baked at 325 F for
90 min)

1.3 g of milk
protein from
muffin baked at
350 °F for 30 min.

95(72 %) CMA
patients tolerated
some forms of HM in
their diets.

18(60%) tolerated
muffin challenges.
Predictors of baked
milk reactivity were

(2-16) excluded The doses of one  asthma, asthma
SPT215mm muffin:1/8, requiring preventer
Optimal casein 1/8,1/4,1/4,1/2, therapy, IgE-mediated
specific IgE: and finally %, clinical reactions to
6KUA/I giving a total of more than 3 food
Negative decision two muffins groups, and a history
point casein (2.6grof milk of CM anaphylaxis.
IgE:1KUA/I protein) The powder milk was

not helpful

In 2008, Nowak-Wegrzyn et al. reported a study in which they food challenged 100 CMA
children (average age 7.5 years, range 2.1-17.3 years) and found that the majority (75%) of
participants became tolerant to baked/heated forms of CM such as muffin, cakes, breads
and waffles before they became tolerant to pure/uncooked forms of CM. Growth and
intestinal permeability were also monitored and no differences were observed in baked milk
tolerant children (Nowak-Wegrzyn et al., 2008). In this prospective-case control study they
excluded children with negative SPT, undetectable milk sIgE, unstable asthma, allergic
rhinitis or atopic dermatitis, milk-induced eosinophilic gastroenteropathy, and patients with

a recent reaction to baked milk.

Kim et al. (2011) conducted a follow up prospective - case control study and challenged 88
IgE mediated CMA children (average age 6.5 years, range 2.1-17.3 years) between 2004 and
2007. In 2011, they reported that among 88 children, 65 (74%) tolerated their initial muffin

challenges, 39 (60%) of those children became tolerant to unheated milk within the 5-year
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follow up period, 18 (12%) children tolerated a cheese-pizza challenge and 8 (12%) children
chose to avoid milk. Interestingly, these researchers found that baked milk-tolerant children
were more likely to become unheated milk tolerant compared with baked milk-reactive
children (P<.001). They consequently argued that the inclusion of baked milk products in the
children’s diet at regular intervals may accelerate the development of tolerance to CMA

compared to those children who follow milk exclusive diets.

In 2011 and 2013, Cubet et al. analysed data collected prospectively from 225 patients
(average age 7 (2-17) years between 2004 and 2010. Two separate cohort studies were
conducted in the same clinical research centre but in different periods. In the first cohort
that was conducted between 2004 and 2007, among 97 children that undertook baked milk
challenges, 23(24%) children reacted to baked milk, 66(68%) patients tolerated baked milk
and 8(8.3%) children tolerated baked and unheated milk. In the second cohort that was
conducted between 2008 and 2010, among 128 children that undertook baked milk
challenges, 38(30%) children experienced an allergic reaction and failed the challenge,
83(65%) patients tolerated baked milk and passed the challenge, and 7(5.5%) children

tolerated baked and unheated milk and passed both baked and unheated challenges.

In 2013, Ford et al conducted a prospective study and among 132 CMA children (average age
7.6 (4-11 years) that were challenged 95(72%) tolerated a variety of baked milk foods. This
study confirms the findings of the studies above that the majority of patients with CMA are

able to tolerate some baked milk containing foods and include them into their diet.

The four prospective studies above (all conducted in the USA) have similar and promising
results regarding the development of baked milk tolerance in CM allergic children, but these
studies need substantiation from randomised control trials that could compare different
phenotypes of CMA or age groups, doses of the baked milk, and unheated food challenges.
In these studies, the average age of participants was 7-8 years old and no sufficient data for
infants and younger children were provided. The food doses that were administered during
baked milk challenges were lower compared with the doses of unheated milk challenges and
this may confound the findings of the studies. In addition, these studies did not determine
whether the children outgrew their CMA because of either a repeated exposure to baked
milk products or because they were suffering from a less severe type of CMA. Interestingly,

none of these participants were challenged to fresh milk before they undertook a baked milk
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challenge. Therefore, the high rates of baked milk tolerant children may include those who
had already outgrown their CMA. Selection bias may present in data collection because the
food challenges that underwent the children were not double blind placebo controlled

challenges which are the gold standard in the allergy tests (Bock & Atkins, 1990).

In 2012, Bartnikas et al reported a study in which they challenged 35 CMA children (average
age 8 (3-18) years) and observed that 29 (83%) children passed muffin/cupcake challenges
and 6 (17%) children failed muffin/cupcake challenges. This retrospective chart review
collected and analysed data from all patients who underwent hospital baked milk challenges
between 2009 and 2011. Participants had a previous allergic reaction to baked or unheated
milk and positive SPT or detectable milk sIgk. Children were challenged with home-made
muffin/cupcake that was prepared by caregivers. The baked milk challenge protocol (food
recipes and doses of challenge food) was based on previous method that was published by

Nowak-Wegrzyn et al (2008).

Bartnikas et al is also a USA study and its results were similar to other USA studies. However,
due to the retrospective design, longitudinal data was not available regarding the baked milk
containing foods that children had at home and their progression to tolerance of fresh milk.
The diagnosis of baked milk allergy was based on history and allergy tests, and it was not
confirmed by an oral food challenge at entry of the study. Therefore, there is a possibility
that some of the children who tolerated a muffin/pancake might also have been tolerant to

unheated milk.

In 2014, Mehr et al challenged 70 CM allergic children (median age: 5.3 years) with muffin;
51 (73%) children tolerated baked milk at challenge and incorporated this baked milk food
into their diet. An interesting finding of this study is that a large number of children (58%)
with prior severe reaction to baked milk or anaphylaxis to unheated milk tolerated the baked

milk challenge.

In 2016, Kwan et al challenged 30 children with CMA [average age 7 (2-16)] years and from
those 8 (60 %) children were baked milk tolerant. Authors reported that gender, history of
asthma or eczema, and history of anaphylaxis did not predict oral baked milk challenge in

their sample (Kwan et al., 2016).
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The USA studies described reported that those CMA children with the combination of
multiple-IgE-mediated food allergies, asthma and prior anaphylaxis to milk were at risk of
reacting to baked milk. However, the Australian and Canadian studies outlined above found
that some children with a history of severe reaction to baked milk or anaphylaxis to unheated
milk were tolerant to baked milk and a history of asthma/eczema/anaphylaxis was not a
predictive factor for a reaction to baked milk. However, the main limitation for both studies
was that CMA children were not challenged to cow’s milk to confirm their milk allergy before

they experienced a BMC.

In summary, the findings of this section of the review indicate that: the majority of children
with CMA tolerate baked milk, although there are contradictory findings regarding the
predictive indicators of a BMC outcome; there are few studies that have explored baked milk
introduction in IgE mediated CMA and the majority of the studies were conducted in the
USA; there are no studies that have investigated the effects of baked milk introduction in
IgE and non-IgE mediated CMA at home; there are no studies that have evaluated the long-
term effects of baked milk ingestion on growth and other atopic diseases in IgE and non-IgE

mediated CMA.

The studies that have explored the effectiveness of baked milk introduction in IgE mediated
CMA have found that the majority of CMA children passed the baked milk challenges and
were able to tolerate baked milk. These studies provided baked milk challenge protocols in
terms of food doses during a challenge and a practical guide with baked milk food recipes
that may be used by other healthcare professionals and adapted in their research or clinical
practice. They have provided evidence that CMA children who pass a baked milk challenge
may be tolerant of a variety of products that contain baked milk and may outgrow their milk
allergy quicker compared with those CMA children who react to baked milk or baked milk
containing foods. However, further studies with a high-quality design are required to provide
robust evidence to assess whether repeated exposures to baked milk products can help
some children with CMA to outgrow their milk allergy quicker than other children and
whether any effect observed can be explained by different phenotypes of milk allergy
(persistent or transient cow’s milk allergy). Interestingly, the findings of these studies
indicate that baked milk introduction may expose some patients at risk of severe reactions
or anaphylaxis. In the Mehr et al, (2014) study four children reacted sufficiently to require
IM adrenaline and indeed all those who failed a BMC in these studies had by definition
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experienced an allergic reaction. Further investigation is required to provide evidence
regarding reliable indicators that could predict baked milk challenge outcomes. Furthermore,
these studies have not provided data regarding the long-term effects of introducing baked
milk containing foods in children at home and the type of baked milk containing food -
protocols that were suggested to parents/ caregivers and continued at home need
consideration and further investigation in term of their feasibility, efficacy and safety. All
findings above need to be validated by multicentre clinical trials because they were
conducted in a single centre (tertiary care) with a limited age range of participants. Food
challenge protocols used in future studies also need to be standardised in terms of milk
protein amounts, administered doses during challenge, and preparation and reasonable
texture of challenge foods to avoid selection bias that may confound challenge outcomes.
Additionally, diagnostic criteria need to be established (e.g confirmation of CMA diagnosis or
milk tolerance status of a CMA child before starting the study) to avoid not only selection
bias during the recruitment of participants but also observer bias that may be a result of the
investigator’s knowledge and expertise that may influence the way data is collected,

measured or interpreted for each group of participants.

Safety of baked milk introduction: Symptoms associated with baked milk challenges

While it seems that staged introduction of baked milk may be successful in the development
of milk tolerance, it is also important to consider the short and long-term safety of this
treatment. Of the studies examined in the previous section, only four presented data about
the range of clinical symptoms experienced during the baked milk challenges. Although
reporting data indicated that there were participants who experienced adverse reactions
(i.e. failed the baked milk challenges) in all the studies that have been outlined in the previous
table, authors have not reported the specific symptoms experienced by patients. Clinical
symptoms that have been reported in baked milk challenge studies are summarized in Table

2.6.
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Table 2.6. Clinical symptoms observed during baked milk challenge

References Symptoms Baked milk challenge
Nowak-Wegrzyn et al. Oral pruritus, Atopic Baked milk, muffin,
2008 dermatitis flare, rash, hives homemade breads

or angioedema, sneezing,
rhinoconjunctivitis, throat &waffles
symptoms or cough,
wheezing, shortness of
breath or respiratory
distress (gasping, cyanosis,
decreased oxygen
saturation), abdominal pain,
nausea, vomiting or
diarrhoea, dizziness, loss of
consciousness or
hypotension, anaphylactic
shock

Kim et al.2011 Anaphylactic shock, oral Cheese omellete waffle,
symptoms, wheeze, cough pizza, muffin
Bartnikas et al. 2012 Rhinorrhea, hives, tongue Muffin, cupcake
itching, oral pruritus,
1 patient developed
anaphylaxis at home with
hives, lip swelling & vomiting
& treated with epinephrine
A late reaction to ongoing
baked milk exposure at
home occur
Mehr et al.2014 Anaphylactic shock Muffin
Urticaria & angioedema
(47%)
Itchy mouth or tight throat
(53%)
Abdominal pain (20%)
Vomiting and/or acute-onset
diarrhoea (13%)
3 children developed
symptoms at homme with
ongoing exposure 1 week
later (itch, abdominal pain,
and flaring of eczema)

In 2008, Nowak-Wegrzyn et al. reported that a child developed oral pruritus to homemade

bread and waffle, and two other participants developed mild oral symptoms to homemade

waffle and pizza during home reintroduction. They also reported anaphylaxis in both groups;
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baked milk tolerant [ 3.2% (5 of 65 children)] and baked milk reactive children ranged from
[17% (3 of 23 children)] to [35%(8 of 23 children)] during baked milk challenges in hospital.
However, baked milk-reactive children experienced more severe reactions compared with
baked milk-tolerant children during their challenge to fresh milk and received epinephrine.
Children who reacted to baked milk challenges had a history of asthma or multiple food
allergy. In this study has been reported that in IgE mediated CMA baked milk challenges need
to be approached with caution and performed in a clinic with all safety measures and

supervised by a clinician, due to the risk of severe reactions or anaphylaxis.

Hence, these findings indicate an association between reactions to baked milk challenges
and a history of allergic diseases and highlight that baked milk reactivity and history of severe
allergy disorders could be a predictor of a more severe and persistent CMA phenotype.
Therefore, for patients with IgE mediated CMA, there is evidence to suggest that baked milk

should be conducted in hospital under medical supervision.

Bartnikas et al (2012) reported that three children who passed baked milk challenges in clinic
reacted to ongoing exposure to baked milk containing food at home. These finding are in line
with the results of Nowak-Wegrzyn et al who also reported reactions to ongoing exposure to
baked milk containing foods at home. However, it is difficult to determine the exact reason
for this. In particular, standardisation is difficult to achieve in a home environment. It is not
clear if parents followed the recipe exactly in terms of time and temperature of baking and

the amount of milk protein content.

Kim et al, (2011) reported that overall 6 children had anaphylaxis during baked milk
challenges in hospital. Regarding the safety of dietary baked milk intake at home, this is the
only study that considered the long-term safety of baked milk introduction (at 12-month
follow-up), and found that the incorporation of baked milk products into children’s diets
doesn’t appear to cause any changes in underlying allergic diseases (no increase in the
severity of chronic asthma, atopic dermatitis, or allergic rhinitis), intestinal permeability, or
in the growth of patients. However, these are certainly plausible conclusions given the study
findings and further investigation with longitudinal cohort studies is required to confirm the
long-term effects of baked milk introduction in health-related quality of life of children with

CMA.
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Mehr et al.,(2014) reported that the children who reacted to baked milk were more atopic
with multiple other food allergies, asthma and a higher rate of previous anaphylactic
reactions to cow’s milk compared with children who tolerated baked milk. The authors
concluded that children with a multiple IgE-mediated food allergies, asthma and prior
anaphylaxis to other foods appear to be at risk to experience an anaphylactic reaction to
baked milk and recommended that the initial baked milk introduction should be conducted
in hospital under a medical supervision. These results confirm Nowak-Wegrzyn et al findings
that demonstrated an association between reactions to baked milk challenges and
concurrent asthma or other foods allergies. Mehr et al reported also that a small proportion
of children that had passed a baked milk challenge in hospital developed symptoms with
ongoing exposure to the same doses of food that was tolerated in hospital. These results are
in agreement with the findings that are reported by Bartnika et al study and indicate that
healthcare professionals need to emphasise the improtance of accurate baking and quantity
of milk proteins in the milk containing foods during the baked milk re-introduction at home

and provide a detailed list of instructions to help parents or caregivers during this process.

Hence, it seems that adverse reactions are relatively common during the introduction of
baked milk, particularly in those who have a history of reacting to baked milk prior to
treatment and/or who have asthma or multiple food allergies. Thus, this procedure requires
medical supervision and should only be conducted in an environment where any severe
reactions could be managed. Even when a CMA child has passed a baked milk challenge this
cannot guarantee future tolerance of baked milk containing foods or exclude the possibility
of any allergic reaction to the same doses of this food. The majority of the baked milk
challenge studies demonstrate that healthcare professionals and parents/caregivers need to
be aware about the possibility of late reactions to ongoing baked milk exposure and monitor

CMA children over time to ensure that baked milk tolerance is still maintained.

Role of immune markers in predicting food challenge outcomes

Milk proteins and development of milk tolerance

Looking at milk proteins, casein is implicated as the offending protein in persistent milk allergy

whereas whey proteins, such as B-lactoglobulin and a-lactalbumin, are implicated in patients

with transient milk allergy (Jarvinen et al., 2002). Cow’s milk contains sequential/linear and

conformational epitopes and cow’s milk allergic individuals may produce specific IgE antibodies

against both conformational and sequential epitopes (Vila et al., 2001). Children with persistent
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IgE mediated CMA have shown significantly higher ratios of specific IgE to linear versus
conformational epitopes compared with children who have achieved tolerance (Skripak et al.,
2007). Nowak-Wegrzyn et al (2008) and Bartnikas et al (2012) reported that patients with
transient IgE-mediated CMA produced milk specific-lgE-antibodies against conformational

epitopes that are destroyed during heating of milk or milk containing foods.

The caseins and a-lactoalbumin are more heat stable compared with B-lactoglobulin and other
whey proteins (Taheri-Kafrani et al., 2009). Bloom et al (2014) found that casein is heat-resistant
while B-lactoglobulin and a-lactalbumin are heat labile. Heating of milk may affect protein
conformational structure and modify conformational epitopes that leads to a change in the
allergenicity of milk products. In addition, the heating of a complex food causes interaction of
milk proteins with other food components such as wheat (e.g. muffin, cupcake) and may reduce
the milk protein allergenicity (Nowak-Wegrzyn & Fiocchi, 2009). The assessment of milk allergy
resolution differs between IgE-mediated-CMA and non-IgE-mediated CMA. In IgE-mediated
CMA, the reduction of the SPT wheal size or specific IgE levels may indicate tolerance to baked
or “raw” milk (Kido et al., 2016). Therefore, monitoring for the potential development of
tolerance through evaluation of milk specific-IgE levels and wheal size of SPT may provide useful
information regarding the most appropriate time at which to conduct a milk challenge. This
review aimed to identify and present studies that evaluated the association between immune

markers and milk containing food challenge outcomes.

Immune markers studies

This review identified few studies that have evaluated the predictive value of immune markers
in helping to determine the development of milk tolerance in children with CMA. Table 2.7
summarises and presents the studies that investigated immune markers as predictors of baked

milk challenge outcomes.
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Table 2.7: Population characteristics, study design, exposure-outcome measurements, assessments and findings of the reviewed immune marker studies

Study

Nowak-
Wegrzyn et
al. 2008
N=100
children
Bartnikas et
al.2012
N=35

Faraj et
al.,2012
N=58

HM-
tolerant-SPT

(median)mm

77 (77 %)-
7 (2.5-19)

29 (83 %)-10
(0-20)

55(94.8%)

HM-
reactive- SPT

(median)mm

23 (23 %)
9.5 (5-24)

6 (17 %)-15
(7-20)

3(5.2%)

HM-
tolerant-
Milk sigk
median
(kUa/L)

77 (77 %)-
2.43(0-79)

29  (83%)-
1.93 (<0.35—
20.6)-

N/A

HM-
reactive-
Milk sigk
median
(kUa/L)
11.6(0.69-
101)

6 (17 %)-
2.39 (<0.35—
31.0)

N/A

HM-
tolerant-
Casein sigE
median
(kUa/L)

77 (77 %)-
1.41(0-101

29  (83%)-
1.05 (<0.35—
10.3)-

N/A
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HM-
reactive-
Casein sigE
median
(kUa/L)

23 (23 %)-
14.15(0.75-
101)

6 (17 %)-
1.07 (<0.35—
31.5)

N/A

Findings

HM reactive group had significantly larger SPT wheals and higher milk-specific and
casein-IgE levels than other groups

The levels of IgE to CM- casein and B-lactoglobulin were significantly higher in
HM reactive group compared with HM tolerant group. Casein-specific IgE had the
highest positive and negative predictive values compared with specific IgE to CM
or b-lactoglobulin, and casein and b-lactoglobulin specific IgE/IgG4 ratios were
significantly higher in HM-reactive group with compared with HM -tolerant group

Milk protein SPT wheal may be more reliable than sIgE level in predicting
outcomes of baked milk challenges.

The majority of participants who tolerated the muffin challenge negative SPT
(NPV=94.8%)



Caubet et al,
2013

N=97,

N =128.

Ford et
al,2013
N =132,

Kwan et al
2016 N=30
median age:

7.5 (2-16)

29 (83 %)-10
(0-20)

83 (64.8%)-
NA

95 (72 %)-NA

18(60%)
3.08
13.8)

(0.0-

6 (17 %)-15
(7-20)

38 (29.7 %)-
NA

37 (28 %)-NA

12(40%)
6.33 (3.83-

8.33)

83 (64.8 %)-
(0.2-42.3)

95 (72 %)-
NA

18(60%)
6.91 (0.99—
>100)

38 (29.7 %)-
119 (0.8~
50.5)

37 (28 %)-
24 (0.6-
43.6)
12(40%)
255 (1.82—
>100)

83 (64.8 %)-
23 (0.2-
30.5)

95 (72 %)-
NA
18(60%)
45 (0.35-
>100)
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38 (29.7 %)-
12.2
67.0)

(0.5-

37 (28 %)-
13.75 (0.36-
49.9)

12(40%)
19.7 (1.08-
>100)

The levels of IgE to CM- casein and B-lactoglobulin were significantly higher in
HM reactive group compared with HM tolerant group. Casein-specific IgE had the
highest positive and negative predictive values compared with specific IgE to CM
or b-lactoglobulin, and casein and b-lactoglobulin specific IgE/IgG4 ratios were
significantly higher in HM-reactive group with compared with HM -tolerant group

Casein- and milk-specific IgE level, milk-specific basophil reactivity, and milk SPT
wheal diameter are all significantly greater among patients with milk allergy who
react to HM than among those who tolerate it

All participants with negative SPT (>3mm) to baked milk tolerated muffin
challenges



In a prospective study, Nowak-Wegrzyn et al (2008) reported that children who tolerated
baked milk products and included these foods into their diet on a daily basis, had significantly
smaller milk-SPT mean wheal diameters, and lower milk and casein-sIg immunoglobulins
compared with their baseline measurements after three months of baked milk products

consumption.

In a prospective follow up study, Kim et al (2011) reported that children who tolerated baked
milk foods had significantly (p<.001 and p = .02, respectively) reduced casein and B-
lactoglobulin sIgE levels compared with baked milk-reactive children over time. However, no
differences were observed in milk—sIgE levels between baked milk—tolerant children and
baked milk-reactive children over time from their baseline characteristics to final follow up
(p = 0.07). This study indicates that high levels of casein and B-lactoglobulin may predict
reactivity to baked milk or unheated milk in CMA children while milk sIgE levels appear to be

a poor predictive tool. However further investigation is required to confirm these results.

In a retrospective study, Faraj et al (2012) collected and analysed data from the records of
an allergy clinic and evaluated if a negative SPT is a predictive value of an oral food challenge
outcome. They found that the majority of CMA patients with a negative SPT to extensively-
heated milk were able to tolerate a baked milk food (muffin) and concluded that baked milk-

SPT may be a reliable predictor tool for a baked milk challenge outcome.

In a retrospective study, Bartnikas et al (2012) collected and analyse data from the records
of an allergy research centre and evaluated if the immune markers, milk and casein -SPT,
milk- sIgE are reliable predictive values and can identify children who are able to pass a
baked milk challenge. They found that a-lactoalbumin, B-lactoglobulin sIgE measurements
were poor predictors of baked milk challenges and milk-SPT wheal size was a better

predictive value compared with casein-SPT wheal size and milk-sIgE measurements.

Cubet et al, (2013) combined the results of immune markers from both cohort studies and
found that casein-sIg measurement had a significantly greater accuracy for predicting
baked milk reactivity in children compared with measurements of milk and B-lactoglobulin

sIgE.

In a prospective study, (Ford et al, 2013) attempted to identify immune markers that could

help to predict patients who may be able to tolerate baked milk containing foods by exploring
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differences in the levels of these between children who tolerated or reacted to baked milk.
These authors reported that milk and casein-sIgE, milk-SPT mean wheal size and milk-specific
basophil reactivity were significantly (p<.001, p<.005, p<.001 respectively) higher in the

baked milk — reactive children.

In a prospective study, Kwan et al (2016) conducted a prospective-case control study and
challenged 30 CMA children (median age 7.3) to evaluate if a muffin slurry-SPT and immune
markers such as milk and casein-sIgE measurements can predict a baked milk challenge
outcome. They found that all CMA children [18(60%)] who had negative (wheal size<3mm)
muffin-SPT successfully passed a baked milk food challenge to muffin and concluded that a
slurry muffin-SPT is a reliable predictive value in helping to identify milk allergic children that
are able to tolerate a baked milk food. Authors also suggested that casein-sIgE measurement
had a significantly greater accuracy for predicting a baked milk challenge outcome compared

with the measurement of milk-slIgE.

The majority of the studies above had a prospective design and concluded that SPT, milk
and casein-slgE measurements appear to predict milk containing-food challenge outcomes,
whilst a-lactalbumin-sigé and b-lactoglobulin-sigE seem to be poor predictor markers in
determining the development of baked or milk tolerance. However, there are differences
between the results of the studies above and it is difficult to compare their findings due to
variation of the study design, inclusion criteria, population, and methods regarding the

preparation of foods for challenges or SPT.

Bartinkas et al (2012) and Faraj et al (2012) studies have a retrospective design and the data
were not collected for the purpose of their research. In both studies, CMA diagnosis was not
confirmed by milk challenges and they included participants with relatively small
measurements of SPT (wheal size <5mm). The above parameters may confound the findings
of the studies because it is possible some participants were not truly allergic to cow’s milk.
Faraj et al did not challenge milk allergic patients who had positive muffin-SPT and therefore
the specificity of the muffin-SPT was not well established. In addition, the sample size was
not homogenous because Faraj et al included a larger cohort of egg allergic patients as well.
In both studies, the challenge foods were prepared by caregivers and therefore there was
no control to ensure that there was equal amounts of milk proteins and temperature of

baking of the challenge food. The reliability of the SPT and sIgE measurements is also
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questionable because they were not obtained close to the time of the performance of food

challenges.

All studies collected data only by one centre and this reduces the generalizability of their
findings. A multi-centre trial is required to include a larger number of participants that come
from different geographic locations with a wider range of population groups and compare
the findings among the centres. No clear diagnostic criteria were defined in the majority of
studies and most participants were identified as milk allergic based on history and laboratory
tests and their diagnosis was not confirmed by failed unheated milk challenges. Thus, some
participants who passed the baked milk challenges may be tolerant to unheated milk as well.

There was a lack of blinding of any party.

Except from both cohorts that were conducted by Cubet et al (2013), all other studies
evaluated a relatively small sample size for each group of participants and that possibly did
not ensure sufficient power to allow validated calculations of positive predictive values,
sensitivity and specificity of immune markers. Another consideration is related with the
similar age of participants in the studies. The majority of studies provided data for a
population with median age from 7 to 9 years. This data is not representative for younger
children with CMA and this should be considered when generalising these results in

community practice.

According to the studies above, reliable predictors of a successful baked milk challenge are
still not well established and oral food challenges should not therefore be replaced by these
allergy tests. Immune markers such as SPT and casein-sIgE values may be able to predict
baked milk tolerance or reactivity, although these findings have not been validated by large-
scale clinical trials examining a greater range of group ages and across different medical

centres.

Inconsistencies in baked milk introduction

The review of baked milk challenge studies demonstrates that there is a lack of consensus in
the use of food protocols during baked milk challenges in research setting (Kwan et al., 2016;
Nowak-Wegrzyn, 2016). In clinical routine hospitals and specialist allergy healthcare
professionals follow their own baked milk challenge protocols based on different methods

and guidelines due to the lack of standardisation in the practice, process and dose regimes.
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These different approaches regarding the type of foods or quantities, frequency of
consumption and the variety of protocols may have different immunological effects on the
rate of allergy resolution and uncertain impact on reaction during an exposure to baked milk
food (Upton & Nowak-Wegrzyn, 2018). The review of immune markers studies in the
previous section showed that SPT and milk sIlgE measurements can help stratify risk of
allergic reactions to a milk challenge, although there is limited data available to their
predictive value regarding baked milk challenge outcome (Bartnikas, Sheehan, Schneider, &
Phipatanakul, 2012; Ford et al., 2013). Food challenges still remain the only allergy test to
evaluate the tolerance to baked milk but they carry the risk of inducing life-threatening
anaphylaxis in children with Ige-mediated CMA. Therefore, according to the findings of the
review of baked milk studies discussed in Section 2.4.2 , due to the current lack of reliable
predictive indicators that could identify optimal candidates for baked milk challenges, baked
milk challenge should be untertaken in a clinical setting where any allergic reactions could

be managed in patients with IgE mediated CMA.

However, there is still a debate regarding the place (hospital or home) of baked milk
introduction in IgE-mediated CMA (Leonard, Caubet, Kim, Groetch, & Nowak-Wegrzyn,
2015). As mentioned in Section 2.4.2 above (table 2.5), baked milk introduction is associated
with unpredictable allergic reactions that include skin, gastrointestinal, respiratory, and
cardiovascular symptoms that in some cases may be life-threatening for milk allergic patients
(Bartnikas, Sheehan, Schneider, et al., 2012; Mehr et al., 2014; Nowak-Wegrzyn et al., 2008).
For this reason, many researchers suggest medical supervision for the initial baked milk
introduction in children with Ig mediated CMA (Bartnikas, Sheehan, Hoffman, et al., 2012;
Mehr et al., 2014; Nowak-Wegrzyn et al., 2008). An update of nutritional guidelines in the
management of CMA reports that a baked milk challenge should be performed in a clinic and
supervised by a medical staff (Dupont et al., 2018). In addition, the MAP guidelines (2013)
and iMAP guidelines (2017) suggest that no child with IgE-mediated food allergy should have
a challenge in primary care or community settings (Venter et al., 2013)(Venter, Mazzocchi,
Maslin, & Agostoni, 2017). European Society for Paediatric Gastroenterology, Hepatology
and Nutrition (ESPGHAN) guidelines (2012) recommend to not prolong unnecessary dietary
restrictions and suggest supervised milk challenges (Koletzko et al., 2012). The World Allergy
Organization (WAO), the Adverse Reactions to Food Committee of the American Academy of
Allergy, Asthma and Immunology (AAAAI) and European Academy of Allergy and Clinical
Immunology (EAACI) have published guidelines regarding the unheated milk re-introduction
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in IgE-mediated CMA. They recommend that milk challenges should occur under medical
supervision in an environment where severe reactions can be appropriately managed, but

the guidelines are not yet focussed on the introduction of baked milk.

In contrast to the guidelines and recommendations mentioned above, the BSACI milk allergy
guidelines suggest home introduction of baked milk using a “milk ladder” in IgE-mediated
CMA patients who had only cutaneous symptoms on a mouthful milk allergen exposure,
reducing milk slgE and SPT, and no reaction to milk in the past 6 months (table 2.6,).
However, Kawn et al reported that asthma and previous anaphylaxis did not predict milk
challenge outcomes. Mehr et al found that a child with a previous anaphylaxis passed a baked
milk challenge. Bartnikas et al and Mehr et al also found that children who passed a baked
milk challenge in hospital reacted at home when they continued to consume the same doses
of baked milk food that was tolerated in hospital. In addition, baked milk challenge studies
have shown that a minority of children with reducing IgE and SPT measurements reacted
during a baked milk challenge (Kwan et al., 2016). Therefore, allergic reactions to baked milk
appear to be unpredictable and even though current research indicates that a small
proportion of children may react, health care professionals and parents need to act with
caution during baked milk introduction because in IgE mediated CMA there is a risk of severe

reactions and anaphylaxis.

Hence, the lack of agreement regarding the appropriate place (hospital or home) of baked
milk containing food introduction and the use of a standardised gradual milk introduction
protocol could lead to different advice that could confuse not only healthcare professionals
but also patients/caregivers and expose IgE-mediated cow’s milk allergic children to the risk
of an accidental reaction. More robust evidence is required to update guidelines regarding
the appropriate place of baked milk introduction, an optimal standardised and validated

gradual milk introduction protocol and the optimal age of CMA children for this approach.

According to this literature review there is robust evidence that the majority of CMA children
can tolerate baked milk during a baked milk challenge. However a number of questions have
been raised regarding the use of baked milk products in the management of CMA: What
guidelines finally inform healthcare professionals decision to introduce gradually baked milk
products into the diet of their CMA patients? “Where” (hospital/home), “when” (appropriate

time of baked milk introduction) and “how” (baked milk challenge or milk ladder) healthcare

46



professionals introduce these foods? Is baked milk introduction a safe process in clinical
practice? Is a graded milk introduction protocol such as a milk ladder appropriate,
acceptable, practicable, and safe? Are SPT and milk sIgE measurements valuable predictor
tools to help healthcare professionals to identify the appropriate time of baked milk
introduction and replace a baked milk challenge? This PhD research has attempted to

provide answers to the important questions above.

2.4.2. Safety of the baked milk containing foods

While it seems that staged introduction of baked milk may be successful in the development
of milk tolerance, it is also important to consider the short and long-term safety of this
treatment. In mild to moderate non-IgE-mediated CMA, there is a lack of studies that have
evaluated the impact of the introduction of baked milk food into the children’s diet in terms
of appropriateness, acceptability, suitability and safety. In IgE-mediated CMA, only one study
has considered the long-term safety of this treatment (at 12-month follow-up), and found
that the incorporation of baked milk products into children’s diets doesn’t appear to cause
any changes in underlying allergic diseases (no increase in the severity of chronic asthma,
atopic dermatitis, or allergic rhinitis), intestinal permeability, or in the growth of patients
(Kim et al, 2011). However, in a cohort study, adverse reactions during the introduction of
baked milk have been reported. Clinical symptoms that have been reported in baked milk

challenge studies are summarized in Table 2.8.

In one study, a child developed oral pruritus to homemade bread and waffle, and two other
participants developed mild oral symptoms to homemade waffle and pizza during home
reintroduction (Nowak-Wegrzyn et al., 2008). In another study, three children developed
symptoms at home a week later, after eating a muffin that was the same as they had been
exposed to in a hospital-baked milk challenge in terms of milk protein and temperature of
baking (Mehr et al., 2014). In addition, several studies have reported severe reactions and
treatment with epinephrine during baked milk challenge. Anaphylaxis has been reported in
both groups; baked milk tolerant [ 3.2% (5 of 65 children)] and baked milk reactive children
ranged from [17% (3 of 23 children)] to [35%( 8 of 23 children)] during baked milk challenges
in hospital (Nowak-Wegrzyn et al.,, 2008). However, baked milk-reactive children
experienced more severe reactions compared with baked milk-tolerant children during their

challenge to fresh milk and received epinephrine (Nowak-Wegrzyn et al., 2008). According
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to these findings the researchers of the cohort above suggested that baked milk reactivity
could be a predictor of a more severe and persistent CMA phenotype. In addition, they
reported that disorders such as asthma or multiple food allergy could be also a predictor of
severe and persistent CMA because they found an association between reactions to baked
milk challenges and asthma or multiple food allergy (Nowak-Wegrzyn et al., 2008). These are
certainly plausible conclusions given the study findings. Hence, it seems that adverse
reactions are relatively common during the introduction of milk, particularly in those who
have a history of reacting to baked milk prior to treatment and/or who have asthma or
multiple food allergies. Thus, this is a procedure that requires medical supervision and should

only be conducted in an environment where any severe reactions could be managed.

Table 2.8: Clinical symptoms during baked milk challenges

References Symptoms Baked milk challenge

Nowak-Wegrzyn et al. 2008 Oral pruritus, Atopic dermatitis Baked milk, muffin,
flare, rash, hives or angioedema,
sneezing, rhinoconjunctivitis,
throat symptoms or cough,
wheezing, shortness of breath or
respiratory distress (gasping,
cyanosis, decreased oxygen
saturation), abdominal pain,
nausea, vomiting or diarrhoea,
dizziness, loss of consciousness or
hypotension, anaphylactic shock

homemade breads &waffles

Kim et al.2011 Anaphylactic shock, oral Cheese omellete waffle, pizza,
symptoms, wheeze, cough .
ymp g muffin
Bartnikas et al. 2012 Rhinorrhea, hives, tongue itching, oral Muffin, cupcake

pruritus,
1 patient developed anaphylaxis at
home with hives, lip swelling &
vomiting & treated with epinephrine
A late reaction to ongoing baked milk
exposure at home occur

Mehr et al.2014 Anaphylactic shock Muffin
Urticaria & angioedema (47%)
Itchy mouth or tight throat (53%)
Abdominal pain (20%)
Vomiting and/or acute-onset diarrhoea
(13%)
3 children developed symptoms at
homme with ongoing exposure 1 week
later (itch, abdominal pain, and flaring
of eczema)
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2.6 Summary

Cow’s milk allergy is the most prevalent type of food allergy in children, with an estimated
prevalence of 0.2-4.9% in the worldwide paediatric population. Allergic reactions may
present with cutaneous, respiratory and gastrointestinal symptoms that occur immediately
or after many hours/days. Cow’s milk allergy is classified severe or mild to moderate
according to clinical expressions of IgE and non-IgE-mediated reactions. This research has
focussed on IgE and mild to moderate non-mediated IgE CMA. The diagnosis of IgE-mediated
CMA is based on a combination of patient’s history and confirmation of allergy tests like SPT,
serum milk specific - IgE values and oral milk challenge. However, the gold standard for CMA
diagnosis is the oral milk challenge that should be conducted under medical supervision in
an environment with available resuscitation facilities, due to the high risk of severe
reactions/ anaphylaxis. For mild to moderate non-IgE-mediated CMA diagnosis there are no
validated tests and diagnosis is based on a good clinical history of symptoms and avoidance
followed by reintroduction of milk containing foods to determine whether the symptoms
improved on avoidance. Early and reliable diagnosis of CMA is very important to initiate
appropriate dietary treatment, avoiding unnecessary diet restriction and alleviating

symptoms.

The mainstay of CMA management is the elimination of cow’s milk and milk containing foods.
However, there is evidence that many children who react to fresh milk, cheese and yoghurt
may tolerate baked milk containing foods such as cakes, biscuits, muffins, waffles, pizza.
Baked milk, especially when it is mixed with flour and fat makes the milk less likely to cause
allergic reactions. Processing of milk proteins such as through baking may reduce their
allergenicity and enhance tolerance to baked milk. Several studies have shown that the
majority of CM allergic children may tolerate milk in baked forms before they become
tolerant to fresh milk and milk products. The incorporation of baked milk products into
children’s diets appears therefore to accelerate the development of milk tolerance, which

may also improve children’s nutritional status and quality of life.

The oral milk challenge remains the best method to determine development of tolerance to
milk. In IgE-mediated-CMA a hospital based baked or unheated milk/milk containing food
challenge is usually offered and in mild to moderate non-IgE-mediated-CMA, tolerance is

usually assessed by a gradual reintroduction plan (milk ladder) at home. However, there is
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limited data regarding the appropriate time for baked milk reintroduction in IgE and mild to
moderate non-IgE mediated CMA. Additionally, there is a lack of evidence by which to

determine best practice in home baked milk introduction in IgE mediated CMA.

Hence, in current clinical practice, the decision regarding baked milk reintroduction is based
on an individual clinical assessment and depends on the type of CMA. Current data also
indicates that reliable predictors such as SPT or milk sIgE of a successful baked milk challenge
are still not well established. Some studies have reported anaphylaxis and treatment with
epinephrine during baked milk challenge in IgE-mediated CMA,; it is not therefore a risk-free
procedure. Hence, at present, the decision regarding baked milk reintroduction is based on
an individual clinical assessment and depends on the type of CMA. Hence, there is a gap in
the literature that needs to be addressed regarding the guidelines that are followed before
baked milk containing foods are introduced into the diet of milk allergic children. What
protocols are used during baked milk reintroduction and where a baked milk challenge or

milk ladder is conducted.

In brief, the findings of this literature review indicate that there is a paucity of evidence
regarding the practice and impact of BMC and milk ladders from either a health care
professional or parent perspective. Additionally, further investigation is required to assess if
immune markers such as Skin Prick Test and milk sIgE can provide some useful prognostic
information for the appropriate timing for introduction of BM-containing food in IgE-

mediated CMA.

2.7 Aim & Objectives

The overall aim of this PhD is therefore to investigate three key aspects of this important,
and currently under-researched, area of paediatric food allergy. Firstly, to explore current
clinical practices of HCPs regarding the use of BMCs and gradual re-introduction of BM-
containing foods (milk ladders) and what guidelines they use before they decide upon a
baked milk re-introduction. Secondly, to explore parents’ perspectives regarding the use of
baked milk containing foods into their child’s diet. Finally, to evaluate if immune markers
such as SPT and milk sIgE can predict milk challenge outcomes in children with IgE mediated

CMA and help HCPs to identify those who might benefit from baked milk re-introduction.
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Objectives

1. To evaluate the attitudes and practices of HCPs on the conduct of BMCs and graded
re-introduction of BM/milk ladder in IgE and mild to moderate-non-IgE-mediated
CMA.

2. To explore parents’ experience of the re-introduction of BM-milk containing foods
into the diet of their child who has been diagnosed with IgE and non-IgE-mediated
CMA.

3. To assess immune markers (SPT, milk sIgE) prior to baked or unheated milk
challenge and evaluate if there is an association between these immune markers and

milk challenge outcomes in children with IgE-mediated CMA.

These were addressed as follows:

1. A multi-national survey explored the current clinical practice of healthcare
professionals using baked milk challenges and the milk ladder

2. A qualitative study using semi-structured interviews were conducted in mothers
with children diagnosed with IgE or non-IgE mediated CMA

3. As a part of a larger quantitative study, data was extracted and analysed regarding
the immune markers and milk challenge outcomes of children diagnosed with IgE-
mediated-

4. CMA

2.8 Possible implications of the findings of this research

The findings of this research could potentially have clinical implications regarding the need
to standardise and validate BMC and milk ladder protocols in IgE and non-IgE-mediated CMA
and -provide clear guidance and information regarding the most appropriate place (home or
hospital) to conduct baked milk challenges or milk ladders for IgE-mediated CMA. Moreover,
the findings could also help to determine when is the appropriate time to recommend BMC
and gradual BM-re-introduction based on immune markers such as SPT versus milk sIgE, in
IgE-mediated CMA. “Standardised” and “validated” prognostic indicators such as BMC and
immune markers can be very useful in clinical practice: improving allergy services, providing

high quality personalised and specialised care in children, and avoiding unnecessary
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restriction of milk containing foods. Additionally, understanding parents’ needs during the
re-introduction process of BM-containing foods can improve the communication between
parents and HCPs, facilitating this approach and improving the process of BMC and gradual
re-introduction of milk (milk ladder) in terms of its appropriateness, acceptability,

practicability and safety.
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Chapter 3: Methodology

3.1 Overview

The overall aim of this chapter is to outline the methodological approach taken to guide the
collection and analysis of data for the purpose of the PhD research. The epistemological
beliefs that guide and justify the methodological approach of the research are presented.
The quantitative and qualitative methods that were used to design and plan the studies of
this research are also discussed. The individual design and analytical techniques of
participants’ recruitment, data collection and analysis are presented in each relevant

chapter.

3.2 Epistemological position of the research

Understanding the relationship between the epistemology and the methodology and
methods used for this research was fundamental to ensure a coherent rationale
underpinning the design of the studies conducted for the purpose of this project.
Epistemology refers to the assumptions that are made related to how knowledge is viewed,
how we can communicate knowledge to others, and how the researcher’s epistemological
approach can influence the research outcome (Burrell & Morgan,1979). The epistemological
position of the researcher guides and influences the methodological approach of the
research in terms of the choice of tools/techniques and protocols that are used to design
and frame the research (King & Horrocks, 2010). Many authors suggest that researchers
should reveal the paradigms that guide their thinking and planning process and their
perceptions of what is real and what can be known{Kuper, 2008, An introduction to reading
and appraising qualitative research} (Kuper, Reeves & Levinson, 2008; Tavallaei & Abu Talib,

2010).

Positivist and interpretivist paradigms guide this research and they have been used
complementarily to address the research questions using a multi-method approach. The
ontological position of positivist epistemology is that we can discover knowledge related to

an objective reality and can attempt to identify causes that influence the outcomes. The
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scientific method is in line with a positivist standpoint, and as such, seeks to test predictions
and make generalizations (Neuman, 2011). In this paradigm, the assumption is that, since
there is one objective reality, research results can be replicated from different researchers
(if they collect, analyse and record the same data in the same way) and can be generalised
to other populations (Scotland, 2012). The positivist paradigm typically uses quantitative

methods and aims to gather objective and precise data.

The ontological position of interpretive epistemology is relativism i.e. that reality is
individually constructed and differs from person to person. The interpretive epistemological
standpoint is that, in contrast to positivism, reality is subjective and therefore different
people may construct meaning and interpret the same phenomena in different ways (Black,
2006). Interpretivism is an approach that uses qualitative methods to explore and
understand the reality of individuals or groups or cultures through their experiences and
perceptions (Creswell, 2009). Qualitative research attempts to understand and explain
actions from participants’ perspectives and can utilise a number of methods of data
collection such as survey, observational studies, case study with data collection tools such as
focus groups, interviews, and open-ended questionnaires (Nind &Todd, 2011). According to
the interpretivist paradigm, researchers assert their beliefs when they select what and how
to research and how to interpret their data (Kalos, 2010). They study the social reality from
the perspective of the participants and prefer to work with qualitative data which provides
rich descriptions of social constructs and use a narrative form of analysis to describe with
details the social reality (Neuman 2011). The interpretivist paradigm allows the researcher
to seek answers, construct and interpret his/her understanding from the gathering data and
explore the world by interpreting the understanding of individuals. Thus, research conducted
within an interpretivist paradigm produces highly contextualized data, and interpretations

of this data involve subjective individual constructions (Scotland, 2012).

This research presents a multi-method approach, deriving from the different epistemological
perspectives outlined above (positivist paradigm and interpretive paradigm) and
methodological approaches that complement one another: quantitative data analysis
regarding the feasibility and safety of baked milk challenges and milk ladders from healthcare
professionals perspectives’; qualitative data regarding the practicability, acceptability,

suitability and safety of milk ladders from parents’ perspectives; and a quantitative study
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attempting to inform the appropriate time of baked milk introduction by identifying valuable
tools that could provide useful information about the milk tolerant status of milk allergic

children.

Four dominant paradigms have been associated with multi- and mixed-methods research,
namely positivism/post-positivism, constructivism/interpretivism, transformative, and
pragmatic . While mixed methods research can prove challenging from a paradigmatic
standpoint (because the aim is to integrate the findings of qualitative and quantitative
studies) it has been argued that this is not as difficult in multi-methods research because it
can utilise the appropriate paradigm in line with the single type of data being collected
(Morse,2003). Multi-methods can therefore involve a different combination of
methodological and philosophical components:

- Single method and single paradigm

- Multiple methods within a single paradigm

- Multiple methods within multiple paradigms

This multi-method research programme accommodates three single studies and each single
study uses a single method within a single paradigm. The qualitative study used semi-
structured interviews analysed using thematic analysis within the interpretivist paradigm.
The survey involved a quantitative questionnaire and inferential statistical analysis within
positivist paradigm to collect and analyse data; and in the third study quantitative secondary
data was analysed using inferential statistics again within the positivist paradigm. Further
details regarding the multimethod approach of this research are referred in the next sections

3.3and 3.4.

This research approach provides a holistic view regarding the usefulness and safety of baked
milk introduction in clinical and home settings. As a practicing dietitian in food allergy | am
familiar with the use of baked milk products in routine clinical practice, although there is
limited knowledge based on evidence regarding the safety of this process in terms of the
appropriate time and place (hospital/home) of the baked milk introduction and its feasibility
in terms of acceptability, practicability, and safety at home. Furthermore, there is a lack of
specific recommendations, based on evidence, that guide the baked milk introduction

process. Therefore, exploring other healthcare professionals’ perspectives could provide
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information in a better understanding of baked milk challenge and milk ladder approach. In
addition, due to the complexity of this process, parents’ experiences and perspectives were
explored to offer a deeper knowledge on the usefulness and impact of baked milk products

into milk allergic children’s diets at home.

3.3 Using a multi-method design for research

Using more than one method of data collection and analysis is well-established in social
science research (Alexander et al, 2008). Several authors became interested in the use of
multi-method or mixed-method research in healthcare services because this approach offers
a deeper understanding and a more holistic view examining different aspects of the same
question or problem (Creswell and Plano Clark, 2011). In mixed-methods research both
qualitative and quantitative research strategies are applied to the same research question(s).
Investigators collect and analyse the data and integrate their findings using both qualitative
and quantitative methods in a single study or a programme of research (Tashakkori and
Creswell, 2007). In a mixed-method approach, different research designs can lead to
different understandings of the problem and provide alternative findings and explanations

of the research question(s) (Blackman and Benson, 2004).

Multi-method research design, known also as multiple method design, involves combining
any different methods and collects data from several resources. For instance, it can include
two or more exclusively qualitative approaches, two or more quantitative approaches, or a
combination of qualitative and quantitative approaches, hence multi-methods research. It
has therefore been argued that mixed method research is in fact one category of multi-
method research (Creswell & Plano Clark, 2007; Dunning, 2016). In multi-method studies
multiple types of qualitative or quantitative data are collected while in mixed method studies
both qualitative and quantitative data are incorporated (Creswell & Plano Clark, 2007).
However, the main difference between mixed-method and multi-method approaches is that
in mixed-methods the findings of quantitative and qualitative research should be integrated
and evident throughout the presentation and interpretation of the results while there is no
analytic integration of the findings of qualitative and quantitative in multi-methods studies

(Creswell & Plano Clark, 2007).
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Proponents of a multi-method approach have argued that using more than one method to
address the research question(s) produces results that are more robust and compelling than
single method studies, and enhance the validity of the research (Jamieson, 2011). The
usefulness of multi-method research has also been recognised as a way to capture the
complexity or different aspects of a phenomenon (Mason, 2006). The strength of a multi-
method research design is that it offers a way of making the research more meaningful,
complete and purposeful than is the case when using either a singular qualitative or
quantitative approach. In addition, weaknesses in one method can be counter-balanced by

strengths in another (Boyer, 2008).

3.4. Utilising a multi-method design for this PhD research project

As outlined in Section 3.3, a multi-method design was chosen for this PhD research project
because, while baked milk introduction is widely practiced with milk allergic children, the
topic has been the subject of surprisingly little research. There are some important questions
about its practice which have not yet been explored by research, and these must be
considered as a matter of urgency. Hence, a multi-methods approach will help us to develop
a more comprehensive understanding of a range of research questions related to the
introduction of baked milk in terms of its usefulness, safety, appropriateness, compliance,
acceptability, and practicability from healthcare professionals’” and parents’ perception and
indications of immune markers and food challenge outcomes:
- What are healthcare professional’s perceptions about the usefulness of a baked milk
challenge and a milk ladder as a dietary management of children with CMA?
- Where (hospital/home setting) and how to introduce a baked milk containing food
into the diet of children with CMA?
- What are parents’ perceptions about the usefulness of a milk ladder plan as a dietary
management of their children’s CMA?
- When is the appropriate time of baked milk introduction? Are there reliable tools to
identify optimal candidates for baked milk introduction?
In line with a multi-method design, three different methods were employed to answering
three objectives independently in terms of data collection, analysis and interpretation of this

research:
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1. A survey of healthcare professionals utilising an online questionnaire to collect
guantitative data regarding the healthcare professionals’ attitudes and views in the
use of baked milk introduction to understand “where” (hospital/home) and “how”
the baked milk introduction (in the form of food challenges or a milk ladder
approach) is conducted and also “what” guidelines are followed before healthcare
professionals decide to introduce baked milk containing foods.

2. A qualitative study utilising semi-structured telephone interviews to understand
parents’ experiences in introducing baked milk containing foods into the diet of their
children who are still allergic to cow’s milk.

3. Avretrospective study utilising secondary quantitative data collected from electronic
patient records to evaluate validated tools that could be able to predict the outcome
of the baked milk introduction and hence, they identify potential candidates for
baked milk challenges or milk ladders.

These three complementary studies utilising a multi-method approach were designed to
provide a holistic approach to gaining an understanding of the introduction of baked milk

products into the diet of children with CMA.
Healthcare professionals involved in the management and treatment of CMA and adult

mothers of children with CMA were recruited to participate in this research. Ethical

considerations informed the planning of the
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methods for this research. All participants were provided with information about the
purpose of the study and their involvement in the research and their right to withdraw from
the study was clearly explained by the participant information sheet. All participants were
encouraged to ask questions about the study and were given time to consider their
participation. Participants’ details were kept confidential and that any names collected (e.g.
via informed consent forms for the qualitative study) were kept separately from the data.

Further details regarding the ethics have been provided in the chapter of each study.

3.5 Introduction to data collection and data generation methods for

this PhD research project

3.5.1 Quantitative study: Survey

Quantitative research generally aims to gather information from a relatively large number of
participants and focuses on generating numerical data. In the social sciences, quantitative
methods such as surveys are used to quantify attitudes, opinions, behaviours, and other
defined variables in a given aspect. Numerical data can be collected through questionnaires,
and surveys, or by manipulating pre-existing statistical data using computational techniques
(Schmied {Schmied, 2012, Effect of Heat-Killed Escherichia coli’, Lipopolysaccharide’, and
Muramyl Dipeptide Treatments on the Immune Response Phenotype and Allergy in Neonatal

Pigs Sensitized to the Egg White Protein Ovomucoid}, 1993).

This quantitative study used a survey to gather information from a pre-defined group of
respondents that were familiar with the content of questions and able to provide answers.
In surveys, questionnaires are the most widely used data collection method (Ponto,2015). In
this study data was collected by using an online questionnaire. A self-completed
questionnaire was constructed by the researcher and all respondents were asked the same
set of questions. Respondents accessed the questionnaire through their web browser by
using a hyperlink. The questionnaire was designed to address the objectives of the study
(Chapter 4 ) The questionnaire was constructed with the help of healthcare professionals
(dietitians, paediatricians, allergists/immunologists and nurses) who were involved in the

management of CMA in primary/secondary/tertiary care. The design and content of the
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questionnaire was based on a careful review of the literature discussion with healthcare
professionals working in this field. The majority of questions were closed questions for ease
of completion and thus to facilitate a higher response rate. The questionnaire could be
completed within 20 minutes. A broad range of data were collected regarding the opinions,
attitudes and beliefs of healthcare professionals about the re-introduction of baked milk
products in the management of IgE and non-IgE CMA. Numerous questions were asked
about the baked milk challenges and milk ladder. The content validity of questions was
assessed by healthcare professionals located in different regions of the world who assessed

whether each question was essential, necessary, and useful.

In the first page of the online questionnaire was a welcome section which explained to
respondents the purpose of the research, their voluntary and anonymised participation, and
guidance for questionnaire completion. The questions of the survey were classified in five
sections. The first section collected information about the background and characteristics of
healthcare professionals such as speciality, country and place of their practice. The second
and third sections collected data related to the use of baked milk challenges and milk ladders
(such as guidelines considered before the baked milk reintroduction), and place
(clinic/home) of baked milk introduction. The fourth section collected data regarding any
potential allergic reactions during a baked milk challenge or milk ladder such as what type of
symptoms were observed and how frequent they were. The last section collected data
regarding the safety of baked milk challenges and the milk ladder process at home, and
whether, according to the perspective of the healthcare professionals, parents were anxious
during the reintroduction of baked milk products. Finally, respondents were thanked for

completing the questionnaire.

Strengths and limitations

Through the survey, a broad range of data were collected regarding the opinions, attitudes
and beliefs of healthcare professionals about the use of baked milk products in the
management of IgE and non-IgE CMA. Bias derived from the researcher’s subjectivity was
eliminated because all participants were provided with the same standardised
questionnaire. Written definitions were provided with any questions that required further

explanation to ensure that participants had a consistent understanding of these questions

60



and to thereby enhance the rigour of the data collected. The respondents had the chance to

use a text answer if they wanted to provide further information or clarification.

Before distributing the questionnaire, its content validity was ensured by submitting the
questions to careful review (evaluating whether each question was essential, necessary and
useful) by healthcare professionals located in different regions of the world. Their feedback
was used to revise the questions where necessary. The questionnaire was pilot tested to
ensure that the respondents could answer the questions without any problems and data
could be effectively reported. The questionnaire was tested in terms of the time taken for
completion, clarity of instructions, questions and layout, and omissions of respondents’

answers.

In general, a major limitation of surveys is that the number of respondents who choose to
respond may be different from those who chose not to respond and data bias may be derived
from non-responses of the questionnaire. Even though the questions of the questionnaire
are very well-formulated, there is still a chance that some respondents may interpret
differently or incorrectly some questions and provide unclear data biasing the results.
Another limitation is that respondents may not be fully aware of their reasons for all their
answers due to the lack of expertise or memory on a subject, and data errors can thus occur.
Another weakness of a survey is that it is inflexible compared to interview questions because

it is not possible to follow up further on individual respondent’s answers.

3.5.2 Qualitative study: Semi — structured interviews & thematic analysis

In the last few decades qualitative methods have gained an important place in the health
sciences. As discussed in Section 3.2, the main difference between quantitative and
qualitative studies is that quantitative research collects numerical data and generates
statistics while the qualitative methods collect qualitative data related, for example, to
experiences or feelings, and analyse these at a conceptual level typically with a focus on
understanding the richness of the data (Rhodes, 2014). In addition, qualitative research is
more flexible compared to quantitative research because it allows greater adaptation of the
interaction between the researcher and participants, and participants are free to express

themselves in their own words and provide responses in greater detail. Qualitative research
61



involves an examination of variables or phenomenon with a naturalistic and interpretative
approach that seeks to provide an in-depth and complex understanding of how people see
and interpret their social world (Snape & Spencer ,2003). Qualitative research can be
conducted in various ways (methods) that have been categorised into five groups:
ethnography, narrative, phenomenological, grounded theory, and case study (Tong,
Sainsbury, & Craig, 2007). The most common qualitative data collection tools are:
e Participant observation that is appropriate for collecting data on naturally occurring
behaviours of participants
e In-depth interviews that are appropriate for collecting data on individuals’ personal
histories, perspectives, and experiences, particularly when sensitive topics are being
explored.
e Focus groups that are effective in eliciting data on the cultural norms of a group and
in generating broad overviews of issues of concern to the cultural groups or

subgroups represented.

Qualitative research typically generates data such as field notes, audio or video recordings
and associated transcripts. Exploratory, qualitative, semi-structured in-depth interviews
were used in this study to explore parents’ experiences and perspectives regarding the
introduction of baked milk products into the diet of their children with IgE and non-IgE
mediated CMA. These interviews provided the opportunity to understand parents’ attitudes,
opinions and experiences related to the use of baked milk products at home. The interview
schedule included a list of topics and some key questions to give a rough guide to follow in
the interview; however, their exact use varied from interview to interview. In addition, the
order of questions depended on the flow of conversation and the exact questions varied
from person to person (Rubin 1995). The interviews were conducted on a one to one basis
by telephone or a call via the Internet between the researcher and a single participant.
According to ethical considerations, participants were informed about the length of time
needed for the interview and had understood the content and purpose of the study before
they consent to be interviewed. Interviews were arranged at a time that mothers were under

least pressure. Mothers had the right to decline to answer any questions.

Data Analysis: Thematic Analysis
There are different methods of data analysis in qualitative research such as Grounded Theory

(GT), Thematic Analysis (TA), and Interpretative Phenomenological Analysis (IPA). This
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research used thematic analysis to analyse the qualitative data because there is no need of
detailed theoretical and technical knowledge and this form of analysis is suitable for new
researcher in a qualitative research career. Primarily, however, thematic analysis was chosen
as it is a method that offers an accessible, useful and theoretically flexible approach to
identify patterns or themes and analyse qualitative data without being bound to a particular
epistemological or theoretical perspective (Braun & Clarke 2006). It has the advantage of
providing a usable and clear framework on how to analyse qualitative data. The goal of
thematic analysis is to identify important and interesting patterns (themes) in the data and
use these themes to address the research question of the study. Braun & Clarke (2006)
provide a six-phase guide which is a very useful framework for conducting thematic analysis.

Further details for each step is provided in Chapter 5.

Strengths and limitations

A key strength of qualitative research is that it provides rich data and an in-depth
understanding of an experience. A semi structured interview method can provide complex
textual descriptions of how people experience a given research issue and help the researcher
to interpret and understand the complex reality of a given situation. For instance,
researchers can gain information related to contradictory behaviours, beliefs, opinions,
emotions, and relationships of participants. Interviewees have the opportunity to ask if some
questions are not very clear and discuss their experiences without needing to write anything
down and they also receive feedback and personal assurance on how the researcher will use

the information received.

In the manner in which they react and ask questions the interviewer may have an impact on
the data collection. Bias may be derived from the interviewer’s comments, tone or non-
verbal behaviour and the way that participants’ responses were interpreted by the
researcher. However, these issues were overcome in this research due to the fact that the
researcher was an allergy dietitian with interview skills and therefore able to manage the
interaction between interviewer and interviewee. It is also important to note that, in this
study, participants’ willingness to participate in an interview may have been reduced due to
their high family and work commitments, and this may cause data biases because the
researcher might be more likely to gather the perspectives of mothers who have fewer
commitments. It was a fact that the majority of mothers had limited available time for the

interview due to their work and family commitments, although this issue was overcome by
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arranging a suitable time according to mothers’ availability. Sometimes it was required to
interrupt the interview and complete it at a later time. The interview did not include
questions related to sensitive information. To increase the validity of the semi-structured
interviews, the clarity of the topics and questions had been reviewed by colleagues and
parents before conducting the interviews. In addition, data entry was performed by the PhD
student who is an experienced dietitian and reviewed from colleagues to prevent any bias at

the coding stage.

3.5.3. Quantitative study: Secondary data analysis

According to the National Institute of Health (NIH) in the United States, “‘primary data
analysis is limited to the analysis of data by members of the research team that collected the
data, which are conducted to answer the original hypotheses proposed in the study. All other
analyses of data collected for specific research studies or analyses of data collected for other
purposes are considered as secondary data, whether or not the persons conducting the
analyses participated in the collection of the data” (Cheng HG, 2014). Thus, secondary data
analysis is a research method that analyses an existing dataset that was collected initially for
some other purpose. Further analysis of existing data may provide additional knowledge,

interpretation or conclusions (Bulmer et al 2009).

To meet the third objective of this research (Chapter 2, section 2. 7), a secondary analysis of
an existing dataset that was obtained for a larger research project was carried out. The data
was collected by the allergy team of the Children’s Hospital Medical Centre in Cincinnati for
a larger high-quality research project conducted in the USA. This data included electronic
patients’ records related to measurements of immune markers’ in milk allergic children and
their food challenge outcomes. The data that was sent to the University of Portsmouth was
coded and anonymous and it was provided in an encrypted flowsheet database email.
Frequency tables and cross-tabulation were run for all variables that were included in the
main analysis of data to identify potential missing values of each variable in the dataset.
Further analysis of this data could provide additional knowledge to healthcare professionals
and parents about the milk tolerant status of milk allergic children and help them to decide
when is the appropriate time and what form of milk containing food to re-introduce into the

diet of children with CMA.
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Strengths and limitations

The major advantages of a secondary analysis of existing data is that it can be developed in
less time with a relatively low cost compared with other methods of data collection. It is
also a sensible and ethical use of research data, as similar datasets are not duplicated, and
thus additional time and resources not invested in collecting data that already exists. It was
a great opportunity for this PhD research to obtain access to such dataset from a large-

scale population research in the USA.

However, one limitation of the secondary analysis of existing data is that the researcher who
is analysing the data has not been involved in the data collection and therefore cannot
control or influence the data collection, and specific information regarding the data
collection may not have been reported. In addition, the data has not typically been collected
to address the research question of the particular study and some important variables may
not be available for the analysis. Furthermore, some specific variables such as age, race or

ethnicity of participants may not be available due to confidentiality.

3.6 Summary

A multi-method design was used to achieve the overall aim of this research and thereby
provide a holistic view on the use of milk-containing foods from healthcare professionals’,
mothers’ and milk allergy tools’ perspective. Two quantitative studies and a qualitative
study were separately used to explore current practice according to healthcare
professionals’ opinions, the impact of baked milk introduction at home according to
mothers’ experience, and if immune markers such as SPT and milk sIgE can predict the milk
tolerant status of children with CMA and help HPC to identify the appropriate time of
baked milk containing food introduction. A survey with a mix of closed-ended and semi-
closed questions was used to explore healthcare professionals’ attitudes and experience.
Semi-structured individualised phone interviews were used to explore mothers’
experiences and opinions. A secondary analysis of existing data that was collected from a
larger research carried out to determine if immune markers such as SPT and milk sIgE can

identify children who will be optimal cow’s milk allergic patients for milk containing food
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reintroduction. The key strength of this research is that it considers important questions
about the guidance and practice of baked milk introduction from clinical and parental point
of view; a common area of practice in the management of cow’s milk allergy for which

there has been little previous research.
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Chapter 4: Use of baked milk challenges and milk ladders in
clinical practice: a multinational survey of healthcare
professionals

4.1 Overview

According to the systematic review in chapter 2, there is a need to understand how HCPs use
a BMC or ML in clinical practice, when and where these challenges are performed and what
guidelines are followed by HCPs before they decide to recommend the baked milk

introduction in the management of IgE and mild to moderate non-Ige CMA.

The overall aim of this chapter is to provide information regarding the baked milk challenge
and gradual re-introduction of milk (or milk ladder) from healthcare professionals’
perspectives. According to the findings of the literature review in the previous chapter,
current research suggests that graded introduction of cow’s milk, starting with baked milk-
containing foods such as biscuits/cookies, cakes and waffles, may be used as a prognostic
indicator for outgrowing cow’s milk allergy. This chapter examines the experiences and
opinions of HCPs and what guidelines they follow before deciding to proceed to a BMC
and/or milk ladder. This was achieved by administering an electronic questionnaire to HCPs
across the world. Health organisations and associations such as the British Society for Allergy
and Clinical Immunology and the World Allergy Organisation identified HCPs involved in CMA
management and distributed the survey questionnaire via emails. The main questions
related to: participants’ characteristics; where the BMC and/or ML were conducted;
symptoms observed during challenges; guidelines followed by HCPs before deciding to
proceed to a BMC and/or a milk ladder; and HCPs’ perspectives regarding the safety of a
BMC/ML and parental feelings during BM re-introduction. The findings are discussed in
terms of their contribution to an agreement for universal guidance on the use of BM-
containing foods for the management of IgE and non-Ige-mediated CMA and clinical
implementation related to the development of safe BM-reintroduction plans. The findings

of this study were peer-reviewed and published (appendix 1).
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4.2 Background

4.2.1 Rationale for the study

In the past, the cornerstone of CMA treatment was strict elimination of cow’s milk and foods
containing CM from the patient’s diet (Fiocchi et al.,, 2010). However, the appropriate
prevention and management of CMA is still debated. There is a more recent theory that strict
avoidance of milk proteins may contribute to the persistence of CMA and the
recommendation for strict milk avoidance due to a lack of effective and approved treatment
of CMA (Kim & Sicherer, 2010; Vandenplas, 2017). Hence, some in paediatric allergy research
and clinical practice argue for a modification of the existing milk-restricted diet in favour of
an individualised approached based on the tolerance to milk in the forms of baked milk
products (Kim et al.,, 2011; Sampson et al., 2013). Indeed, the importance of BM-
reintroduction into the diet of children with CMA has become well-recognized as a part of
CMA management (Nowak-Wegrzyn, 2016). Current research regarding the use of BM-
containing foods has been reviewed and reported in Chapter 2, Section 2.2.1. Interestingly,
it has been demonstrated that the majority (75%) of children who participated in baked milk
studies tolerated the BM- containing foods, and, of particular note, were 28 times more likely
to become tolerant to “raw” cow’s milk compared to those children who were not able to
tolerate these baked milk products (Kim et al.,, 2011; Nowak-Wegrzyn et al., 2008).
Furthermore, the ingestion and incorporation of BM-containing foods into the children’s diet
seemed to accelerate the resolution of CMA without any adverse effects on children’s
growth, intestinal permeability, or the severity of coexisting diseases such as asthma, atopic
dermatitis and allergic rhinitis (Bartnikas et al., 2012). The use of BMC and ML may therefore
help to avoid an unnecessary restriction of BM-containing foods or to prevent a severe
reaction that could be provoked with uncooked milk; children reactive to BM appear to be
at higher risk of systemic reaction than those children that tolerate BM but still remain
allergic to uncooked milk (Nowak-Wegrzynet et al., 2008) and perhaps help to induce

tolerance.

In the United Kingdom, CM is one of the most common foods responsible for fatal
anaphylactic reactions in children less than 16 years of age, and food allergy