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ABSTRACT

Background: Despite all research published in the last decades, the prevalence of
food allergy in the paediatric population has continued to increase and is nowadays
recognized as a significant public health problem. In the United Kingdom, studies
have found that between 2.2% and 5.5% of the infants in the first year of life present
with proven food allergies, with the prevalence of cow’s milk protein allergy, the most
common form of non-IgE food allergies, ranging between 1.9% and 4.9%. The
diagnosis of non-IgE mediated food allergy is a real challenge due to its delayed
onset, with symptoms occurring hours to days after ingestion of the culprit and
mainly affecting the gastrointestinal tract. Allergy tests have shown limited use in
these patients, and the diagnosis relies heavily on the recognition of symptoms and
an allergy-focused history. The treatment is based on diet elimination, which can
lead to the development of nutritional disorders and negative impact on the child’s
quality of life.
Objectives: The aims of the publications included in this thesis are, first, to
prospectively investigate the required length of elimination diet to achieve symptom
improvement during the diagnostic process; second, to evaluate the knowledge of
primary health care professionals about diagnosis and management of cow’s milk
protein allergy, to compare with parents views and opinions, and to better
understand diagnosis tools, treatment and tolerance in infants diagnosed with nonIgE food allergies; third, to evaluate possible impacts of the elimination diet on
growth and nutrients deficiencies; and fourth, to analyse the potential impact of nonIgE mediated gastrointestinal allergies on the quality of life of the affected children
and their families.
Methods: Children with suspected non-IgE mediated gastrointestinal food allergies
were recruited and followed prospectively at a large tertiary gastroenterology
department in the United Kingdom (UK) from December 2011 to November 2013.
This study was designed to investigate the impact of non-IgE mediated food allergies
on quality of life, as well as to establish symptoms, children’s growth and the
characteristics and impact of dietary elimination. The knowledge and journey of
diagnosis of cow’s milk protein allergy among general practitioners were studied via
surveys. Eosinophilic colitis in infants was studied through a systematic review.
I

Results: In non-IgE mediated gastrointestinal food allergies the required time to
achieve symptom improvement following the initiation of the elimination diet was four
weeks in 98% of our patients. All symptoms individually and collectively have
statistically improved after commencing the elimination diet (p <0.001). Regarding
cow’s milk protein allergy, parents and general practitioners have very different
perceptions about the course of the disease and the families’ journeys. An extensive
review of the literature found that eosinophilic colitis occurred more frequently in
male infants, younger than six months old. Half were exclusively breastfed at the
time of the diagnosis. Patients on a diagnostic four-week elimination diet showed an
improvement in the weight-for-age and weight-for-height. It was also noted that 60%
of the cohort had low vitamin D intake and a higher number of patients had a low
intake of copper, zinc, and selenium. Non-IgE mediated food allergies have a
negative impact on the quality of life of the affected children and their families.
Conclusions: The “Discovering the effect of non-IgE mediated allergies on children
and their families” is a landmark study in the paediatric food allergy field. This welldesigned study investigated and elucidated some important characteristics and
clinical features of this group of patients. Its impact is reflected in the number of
publications derived from the results of this cohort, a large number of citations and
the impact in clinical practice worldwide as much more is now known about this
condition. Studies investigating preventative measures for the development of food
allergies in childhood are also essential in the future.
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1. INTRODUCTION
1

1.1 Overview

The understanding that food could cause adverse reactions in some
individuals comes from Before the Current Era (BCE). Among the earliest documents
is the Shi Jin-Jing (“Interdictions concerning food”) by the Chinese emperors Shen
Nong (~2735 BCE) and Huang Di (2698-2598 BCE) in which they advised
individuals with skin lesions (probably atopic dermatitis and urticaria) to avoid certain
foods (Cohen, 2008). Hippocrates (460-377 BCE), in Ancient Greece, elevated the
knowledge about food allergy as he recognised that food could cause adverse
reactions and even death in some individuals (Cohen, 2008; Wuthrich, 2014). In his
theory, the presence of “hostile humours” in some persons made them “suffer badly”
after food ingestion. Nowadays, “hostile humours” are recognised as Immunoglobulin
E (IgE) antibodies (Cohen, 2008; Sampson, 2016). Case reports of food
hypersensitivity became more frequent in medical literature in the 17th century. In
1906, the term allergy was coined, introducing a new era of better understanding the
function of the immune system (Igea, 2013).
The prevalence of food allergy in the paediatric population has increased in
the last three decades, reaching epidemic numbers (Platts-Mills, 2015). The main
food allergens in childhood are cow’s milk, hen’s egg, soy, wheat, fish and shellfish,
peanut and tree nuts (Meyer, 2008).
Food allergy is currently recognised as a significant public health problem in
western countries (Boyce et al., 2010; Burks et al., 2012) affecting 4-8% of all
children (Gupta et al., 2011) and up to 10% of infants (Osborne et al., 2011). In the
United Kingdom (UK), between 2.2% and 5.5% of the infants in the first year of life
are diagnosed with proven food allergies (Venter et al., 2006), with the prevalence of
cow’s milk protein allergy (CMPA) ranging between 1.9% and 4.9% (Fiocchi et al.,
2010) and for hen’s egg and soy 2% and 1.9%, respectively (Clark et al., 2010; Katz
et al., 2014).
The diagnosis and management of food allergy in infants and children pose a
substantial economic burden and resource implications to national health systems
worldwide. For the UK’s National Health System (NHS), the total cost of managing
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CMPA in the first 12 months following the first consultation with the general
practitioner (GP), has been estimated at £1,381 per patient and £25.6 million for an
annual cohort of 18,350 infants. The main cost drivers are multiple GP visits (44%),
clinical nutrition preparations (38%) outpatient visits (9%) and hospital admissions
(6%)(Sladkevicius et al., 2010).
Despite all the research in the last decades and the increasing number of
children with this disease, there remain many unanswered questions related to the
pathophysiology, management, and prevention, which require further research.

1.2 Food allergy epidemic
The prevalence of food allergies has been rising in the last few decades,
reaching epidemic proportions (Pawankar et al., 2008). The “first wave” of the allergy
epidemic was described more than 50 years ago with the increase in the prevalence
of asthma and allergic rhinitis (Prescott et al., 2013). The rise in food allergy is now
described as the “second wave” of the allergy epidemic.
Although there is a lack of high-quality articles in the literature, multiple
population-based cohort studies using other markers for the diagnosis of food allergy,
such as hospital admission rates for food anaphylaxis, have provided consistent
evidence that this increase in prevalence is real (Tang and Mullins, 2017).
It is uncertain if the increase in the prevalence of food allergy is due to a rise
in the incidence (increase in the number of new cases) or to changes in the nature of
the disease (persistence of food allergy throughout adolescence and adulthood).
Probably both play a role in the rising incidence of the disease.
There is robust evidence that the prevalence of food allergy is increasing in
western countries. Data from national databases have shown that hospital admission
due to anaphylaxis has increased in the last ten to twenty years in the UK and United
States of America (Turner et al., 2015; Rudders et al., 2014). In the UK, hospital
admission for food anaphylaxis doubled from 1.2 to 2.4/10,000 between 1998 and
2012 (Turner et al., 2015). Although there are only a few published studies on the
3

subject, it is possible to hypothesise that Africa and Asia may also have an increase
in food allergy prevalence in the coming years with the economic growth and the
adoption of a more westernized lifestyle. A study in China evaluated children aged 024 months and showed an increase in food allergy from 3.5% to 7.7% between 1999
and 2009 (Hu et al., 2010). Moreover, studies reported that children of East Asian
and African ethnic origin who are raised in the western environment have an
increased risk of food allergy when compared with western Caucasian children (Keet
et al., 2014; Koplin et al., 2014).
1.2.1 Leading hypothesis for the rise of food allergies
The reasons why food allergy is on the rise are unclear. Multiple theories have
been generated, but at present, there is insufficient evidence, with the majority based
on epidemiological and ecological studies. Berni Canani et al. (2019) suggested that
the epidemiology of food allergy is possibly influenced by epigenome-genomeenvironment interactions leading to gut microbiota alterations (dysbiosis) and
consequent alterations on the immune system function (Figure 1) (Berni Canani et
al., 2019). Postnatal factors, which are common and modifiable, are probably linked
to the rise of food allergies (Allen and Koplin, 2016). Randomized controlled trials are
required to evaluate the hypothesis and to generate more robust evidence.

Figure 1.1- Scheme proposed by Berni Canani et al. (2019) about how genetic, environmental and
dietary factors could influence the gut microbiome and consequently contribute to the occurrence and
rise of food allergy during childhood – Taken from Berni Canani et al. (2019)
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Nowadays, the five leading hypotheses for the increasing prevalence of food
allergies are known as the “5Ds”: dry skin, diet, dogs, dribbles and vitamin D (Allen
and Koplin, 2016).
1.2.1.1

Dry Skin
Many studies have shown a strong association between eczema (also known

as atopic dermatitis) and both IgE mediated and non-IgE mediated food allergies.
Martin et al. (2015) demonstrated that infants diagnosed with eczema are five times
more likely to develop IgE mediated food allergies by one year of age (Martin et al.,
2015). Another study analysed infants with eczema and controls in the first three
months of life and showed that the food sensitisation rate was six times higher in the
eczema group (Tsakok et al., 2016). Latcham et al. (2003) studied children with nonIgE mediated gastrointestinal food allergies and found that 44% of them have also
been diagnosed with eczema by a paediatrician (Latcham et al., 2003). The
mechanism underlying the association between food allergies and eczema is not
well understood yet. The “dual allergen hypothesis” (Lack, 2012) proposes that
children may become allergic to food through a damaged and inflamed skin
(eczema), with food particles penetrating through a disrupted skin barrier and setting
up an abnormal immune response, leading to allergic sensitisation.
In contrast, it is proposed that early oral exposure (consumption) to food
proteins stimulates the immune system towards a tolerant response, preventing the
development of food allergy (Lack, 2012) (Figure 2). The Learning Early About
Peanut study is the first randomized trial that evaluated the “dual allergen
hypothesis.” Du Toit et al. (2015) showed that early introduction of peanuts in the
diet of infants diagnosed with severe eczema reduced the development of peanut
allergy by 86% when compared to those who excluded peanut from their diets (Du
Toit et al., 2015). Further research is required for a better understanding of the
association between eczema and food allergies.

5

Figure 1.2 – The “dual allergen hypothesis” proposes different immune responses depending
on the via of exposure (cutaneous or oral) to food allergens during infancy – taken from Lack G
(2012).

1.2.1.2

Diet
Possibly, time of exposure to allergens and quality and variety of the diet are

essential topics to be investigated and discussed when evaluating the association
between diet and the development of food allergy. As discussed above, the Learning
Early About Peanut study showed that early introduction of peanut in the diet
(between 4 and 11 months of age) drastically reduced the development of peanut
allergy when compared to avoidance in children with severe eczema (Du Toit et al.,
2015). Although the Learning Early About Peanut study is the only randomized trial
that evaluated food allergy outcomes related to the early introduction of food, other
observational studies also demonstrated that a delay in the introduction of egg,
cow’s milk and wheat in children’s diet might be associated with an increased risk of
those food allergies (Katz et al., 2010; Koplin et al., 2010; Poole et al., 2006).
Nowadays, guidelines from allergy experts’ bodies suggest the introduction of solids
including allergenic foods (cow’s milk, egg, wheat, peanut, nuts, fish and sesame)
6

between four and six months of age, while the World Health Organization still
recommends the introduction of solids after six months of age (Koplin and Allen,
2013). The ideal age for food introduction during infancy is still debatable, and further
knowledge and research are required.
Studies have also shown the importance of exposing infants to a high-quality
and varied diet. Roduit et al. (2014) evaluated a cohort of 856 children from birth to
six years of age. They found that increased diversity of complementary foods
introduced in the first year of life was associated with a reduced risk of food allergy
or food sensitization (Roduit et al., 2014). Furthermore, a case-control study found
that an infant diet that includes high levels of fruit, vegetables, and home-prepared
meals is associated with less food allergy by two years of age (Grimshaw et al.,
2014).
1.2.1.3

Dribble and Dogs (microbial exposure)
In the last 50 years, the populations of industrialised countries have been

through significant changes in lifestyle, including sanitation and family size (reduced
number of children). During this period, there was a decline in infections and an
increase in allergies and autoimmune diseases; however, the underlying mechanism
for this change is not yet understood.
Strachan described that an increased number of siblings in a household was
protective against the risk of developing allergic rhinitis (Strachan, 1989). The
protective mechanism is possibly related to a shared microbiota, which potentially
contributes to microbiota diversity, and shared exposure to common childhood
infections between siblings. Studies have shown that the protective effect of the
increased number of siblings can also be extended to food sensitisation and allergy
(Marrs et al., 2013). The hypothesis that microbiota diversity is protective against the
development of allergies is known as the “hygiene hypothesis.”
The Healthnuts group, from Australia, has also demonstrated that dog
ownership has a protective effect on food allergy risk (Koplin et al., 2012). This
finding contributes to the idea that sharing microbes and parasites (with siblings or
domestic animals) can reduce the risk of developing a food allergy.
Following the idea of the “hygiene hypothesis”, researchers investigated the
7

potential protective role of probiotics in allergy prevention. However, a systematic
review concluded that there is still not enough evidence (Koplin et al., 2012) to
support this intervention.
1.2.1.4

Vitamin D
It is well recognised that the prevalence of food allergy has increased and the

levels of vitamin D in the population have decreased in the last few decades. Studies
have estimated that up to 50% of the population in Western countries are vitamin D
insufficient and up to 10% are vitamin D deficient (Ginde et al., 2009; Mansbach et
al., 2009).
Interestingly, hospital visits (emergency department) for food allergy,
prescription of adrenaline for anaphylaxis treatment and hypoallergenic formulas are
more common in regions further from the equator (Mullins et al., 2009; Mullins et al.,
2010; Rudders et al., 2010). These findings appear to be independent of longitude,
physician density, and socioeconomic status, potentially reflecting lower vitamin D
exposure. More studies are required for a better understanding and evaluation of the
association between food allergy and low levels of vitamin D.

1.3 Classification of food allergy
The National Institute of Allergy and Infectious Diseases (NIAID) published in
2010 a guideline to assist health care professionals in making appropriate decisions
when evaluating patients that had adverse reactions to food. Firstly, they classified
adverse food reactions into two large groups: Immune mediated and non-immune
mediated (Figure 3) (Boyce et al., 2010). The formerly included food allergies and
coeliac disease and the latter included food intolerances primarily (for example
lactose intolerance).

8

Figure 1.3 – Classification of adverse reactions to food. Figure based on the Guidelines for the
diagnosis and management of food allergy in the United States: summary of the NIAID-sponsored
expert panel report (Boyce et al., 2010).

Subsequently, food allergies have been further classified into three
categories: Immunoglobulin E (IgE) mediated, Non-IgE mediated and mixed IgE and
non-IgE mediated (Figure 4) (Boyce et al., 2010).

Figure 1.4 – Classification of food allergies – adapted from the guideline of NIAID (Boyce et al., 2010).
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The pathophysiology of IgE mediated food allergy is well studied and
understood. The literature on this subject is plentiful, and many guidelines have been
published. The allergic symptoms can occur immediately and up to two hours after
the ingestion of the food allergen. The symptoms are objective and include lips
swelling (cutaneous angioedema), rash, urticaria, itching, sneezing, wheezing and in
the severest form, systemic reaction leading to anaphylaxis (Muraro et al., 2014b).
Allergy tests for this immediate type of reaction are well established and include skin
prick test and specific IgE blood tests (to specific allergens and their components)
(Berin, 2015; Boyce et al., 2010; Walsh and O'Flynn, 2011).
Conversely, the pathophysiology of non-IgE mediated food allergy is not
entirely understood, and the diagnosis can be challenging due to the delay of
symptoms onset that can occur up to 72 hours after the consumption of the food
allergen. The National Institute for Clinical Excellence (NICE) guidelines (Walsh and
O'Flynn, 2011) highlight that non-IgE mediated symptoms generally affect both the
gastrointestinal tract and skin and the most common symptoms include abdominal or
colicky pain, vomiting, diarrhoea or constipation, blood and/or mucus in the stools,
food aversion and eczema. Complicating the diagnosis is the fact that the
aforementioned symptoms also occur in other gastrointestinal disorders, like infantile
colic and lactose intolerance, and are not specific to food allergy (Walsh and O'Flynn,
2011). Allergy tests have limited value in this group (Boyce et al., 2010; Mowszet et
al., 2014). Therefore the diagnosis is based on the oral food challenge test in which
there is a symptom improvement during the elimination diet followed by
reappearance of the symptoms during the food challenge (Heine, 2015).
1.3.1 Definition and Classification of Non-IgE mediated allergies
Non-IgE mediated food allergies correspond to a group of immune mediated
allergic diseases with a delayed onset, where IgE has no or limited involvement.
Non-IgE mediated food allergies is an umbrella term that includes different
gastrointestinal allergic disorders and non-IgE mediated atopic dermatitis.
The non-IgE mediated gastrointestinal food allergy encompasses food
protein-induced allergic proctocolitis (also known as eosinophilic colitis) food protein-
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induced enterocolitis syndrome (FPIES), food protein-induced enteropathy, and
eosinophilic gastrointestinal disorders (Caubet et al., 2017).
1.3.1.1

Food protein-induced allergic proctocolitis (eosinophilic colitis)
Food protein-induced allergic proctocolitis (FPIAP) is the infantile form of

eosinophilic colitis. This disorder typically presents in the first three months of life,
and its primary clinical manifestation is the presence of blood in the stools
(haematochezia), which may be visible blood in the stools or microscopic (Meyer et
al., 2013; Nowak-Wegrzyn et al., 2015). FPIAP is a common and frequent form of
non-IgE mediated food allergies, and it is estimated that it accounts for up to 60% of
the cases of haematochezia in healthy infants (Atanaskovic-Markovic, 2014; NowakWegrzyn et al., 2015). Affected infants typically appear well and thriving; however,
other symptoms such as mucous in the stools, gas, colic-like symptoms, and
increased frequency of bowel movements can also be present. The commonest
causative food is cow’s milk, although soy, egg and wheat may also play a role
(Meyer et al., 2013). FPIAP is a cell-mediated inflammation of the distal sigmoid
colon and rectum characterized by oedema and erosions of the mucosa; histological
examination shows eosinophilic infiltration of the epithelium and lamina propria
(Figure 5) (Odze et al., 1993). It is believed that both intestinal immaturity and
marked eosinophilic infiltration, which may significantly alter tight junctions, may lead
to increased intestinal permeability to food proteins in infants leading to proctocolitis
(Tsabouri et al., 2017). According to several publications, the majority of infants with
FPIAP will become tolerant to the offending foods by around 14 months of age (± 11
months) (Erdem et al., 2017; Lake, 2000).
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Figure 1.5 – Optical microscopic photography of the colonic mucosa demonstrating numerous
eosinophils infiltrating the lamina propria.

1.3.1.2

Food protein-induced enterocolitis syndrome (FPIES)
FPIES can be classified as acute or chronic. The acute form of this disorder is

characterized by profuse vomiting, frequent accompanied by pallor and/or lethargy
one to four hours after the ingestion of the food culprit, with hypotension occurring in
15% of the cases. Diarrhoea may also be present (Burks et al., 2011; NowakWegrzyn et al., 2015). Conversely, the chronic form of FPIES is characterised by
malabsorption syndrome, with the main symptoms being failure to thrive, anaemia,
diarrhoea and intermittent emesis (Caubet et al., 2017). The most common food
allergens are cow’s milk, soy and cereals (rice and oats). FPIES to cow’s milk and
soy usually begins in the first three to six months of life, and FPIES to solid foods
usually starts at six to seven months of life, during the complimentary food
introduction process (Caubet et al., 2017; Nowak-Wegrzyn et al., 2015). A
retrospective survey estimated the prevalence of cow’s milk FPIES in the UK as
0.36% of the paediatric population (Ludman et al., 2014). The pathophysiology of
this disorder is poorly understood. There is a lack of studies in the literature, but as a
non-IgE mediated allergy FPIES is considered a T-cell mediated disease. More
studies are required for a better understanding of the natural history of the disease.
However, present data suggest that in 85% of the children with cow’s milk-induced
FPIES the condition will have spontaneously resolved by five years of age (Ruffner
et al., 2013) and 50% of the children with rice or oats-induced FPIES will have the
symptoms resolved by four to five years of age (Caubet et al., 2014; Ruffner et al.,
12

2013).
1.3.1.3

Food protein-induced enteropathy
Food protein enteropathy is the non-IgE gastrointestinal mediated allergy that

affects the small intestine. It shares clinical features with chronic FPIES,
characterized by failure to thrive, abdominal distension and diarrhoea. Although food
protein enteropathy has been described in the literature since the 1980s (WalkerSmith, 1992; Walker-Smith et al., 1989), there is still a large gap of knowledge about
this disorder, which is probably related to the fact that enteropathy does not occur
exclusively associated with food allergy. Food protein enteropathy usually starts
between two and nine months of age, with the majority outgrowing this allergy by 24
to 36 months of age (Bierme et al., 2017; Nowak-Wegrzyn et al., 2015).
1.3.1.4

Eosinophilic gastrointestinal disorders
Eosinophilic gastrointestinal diseases are a group of chronic diseases

characterised by a range of symptoms caused by eosinophilic inflammation and
infiltration of various segments of the gastrointestinal tract (Aceves et al., 2012). It
can be classified according to the site of the infiltration: eosinophilic oesophagitis,
eosinophilic gastroenteritis and eosinophilic colitis (Aceves et al., 2012). Little is
known

about

the

pathophysiology,

pathogenesis,

epidemiology,

clinical

manifestations, treatment and prognosis of eosinophilic gastrointestinal diseases.

1.4 Pathogenesis of non-IgE mediated gastrointestinal food allergy – mechanism of
the disease
The pathogenesis of the non-IgE mediated gastrointestinal food allergies is
poorly understood, and the precise underlying mechanism is almost unknown
(Caubet et al., 2017; Nowak-Wegrzyn et al., 2015). Probably, the lack of
understanding is related to the fact that endoscopies and biopsies are not routinely
performed in children, and also to the fact that this group of diseases is poorly
recognised and studied in clinical practice.
It is known that these disorders have eosinophilic dominated inflammation.
Eosinophilic infiltration may significantly alter tight junctions, which may lead to
13

increased intestinal permeability to food proteins and continuity of the inflammatory
process (Tsabouri et al., 2017). It is also believed that the mechanism is mediated by
cellular immunity with T-cells having a pivotal role.
Among the non-IgE mediated gastrointestinal food allergies, FPIES has been
the most investigated. Nevertheless, the pathophysiological mechanism remains
unknown. Studies have suggested that the T-cells, with the secretion of proinflammatory cytokines, may influence the intestinal permeability (Benlounes et al.,
1999; Shek et al., 2005). Conversely, others have been questioning the role of Tcells in this disorder, suggesting that T-cells could be linked to achieving tolerance
acquisition to food allergens (Karlsson et al., 2004). FPIAP (eosinophilic colitis) is in
the benign end of the non-IgE mediated gastrointestinal food allergies spectrum, with
the majority of infants not being exposed to an invasive investigation (endoscopy and
biopsy), which is probably one of the main reasons contributing to the lack of
understanding of its pathogenesis.
More research is warranted for better clarification and understanding the
pathogenesis of non-IgE mediated gastrointestinal food allergies.
1.5 Diagnosis and Treatment

1.5.1 Diagnosis
The diagnosis of non-IgE gastrointestinal food allergies relies on a detailed
history, physical examination, and improvement of symptoms during the trial of
elimination diets and reappearance of symptoms during oral food challenges
(Caubet et al., 2017; Nowak-Wegrzyn et al., 2015).
Published guidelines by the European Academy for Allergy and Clinical
Immunology (EAACI) have outlined components of an allergy-focused history in
children with food allergies, which include atopic family history, growth assessment
and linking symptoms to possible trigger foods before embarking on an elimination
diet (Skypala et al., 2015).
The most common gastrointestinal symptoms are vomiting, abdominal
discomfort/pain, irritability (also described as screaming/back arching), diarrhoea or
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constipation (with excessive straining and soft stools), food aversion or refusal and
blood and/or mucous in the stools (Venter et al., 2017).
Allergy testing has limited use in non-IgE mediated gastrointestinal food
allergies. Skin prick test and serum specific IgE are negative in the majority of the
patients (Nowak-Wegrzyn et al., 2015). The atopy patch test is not recommended
due to low sensitivity and conflicting reports on its diagnostic accuracy (Mowszet et
al., 2014). Invasive tests, such as endoscopy and biopsy, are usually not indicated.
The diagnosis of non-IgE mediated gastrointestinal food allergies is based on
clinical improvement, following an elimination diet and the reappearance of the
symptoms during the food challenge (Koletzko et al., 2012). The required length for
the diagnostic elimination diet varies significantly among guidelines, with the majority
of them ranging from four to eight weeks (Fiocchi et al., 2010; Koletzko et al., 2012).
The oral food challenge remains the gold standard after the resolution of the
symptoms under an elimination diet. In cases of FPIAP and food protein-induced
enteropathy, the oral food challenge can be performed at home and documented
with a food diary, due to the delayed onset of symptoms. For FPIES, due to the risk
of profuse vomiting and hypotension, the oral food challenge should be supervised
by a doctor in an appropriate monitored setting (Caubet et al., 2017; NowakWegrzyn et al., 2015).

1.5.2 Treatment
The mainstay of management of non-IgE mediated food allergy is the total
elimination of the food allergen(s) and its derivatives (Caubet et al., 2017; Koletzko
et al., 2012; Nowak-Wegrzyn et al., 2015; Venter et al., 2017). The most common
foods eliminated are cow’s milk, egg, soy and wheat, and in a significant proportion
of patients multiple foods elimination are required for symptom improvement (Meyer
et al., 2013). Follow-up with a multidisciplinary team, with a focus on dietary and
nutritional support, is indicated for this group of patients.
In breastfed children, a maternal elimination diet of the offending food(s) is
recommended. However, if breast milk is not available a suitable hypoallergenic
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formula (extensively hydrolysed or amino acid formula) is required (Fiocchi et al.,
2010; Koletzko et al., 2012).
Current guidelines for CMPA, including ESPGHAN, BSACI and Milk Allergy in
Primary Care (MAP/iMAP), suggest that extensively hydrolysed formula should be
used as the first option for treatment in infants when the prescription of a
hypoallergenic formula is necessary. Exceptions are for infants with severe reactions,
faltering growth, non-resolving severe atopic dermatitis or enteropathy where an
amino acid formula is the indicated choice (Figure 6) (Luyt et al., 2014; Venter et al.,
2017; Venter et al., 2013).
Most of the patients with non-IgE mediated food allergies will develop
tolerance to the allergenic foods during childhood. The time for achieving tolerance
varies and, in a few cases, the condition can be persistent through adolescence and
adulthood. The majority of patients with FPIAP and food-protein induced enteropathy
resolve in early childhood. For patients with the diagnosis of FPIES, it is
recommended to perform oral food challenges every 12-18 months to assess
tolerance acquisition (Caubet et al., 2017; Nowak-Wegrzyn et al., 2015).

Figure 1.6 - Adapted algorithm CMPA treatment (Koletzko et al., 2012; Venter et al., 2017).
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1.6 Dietary impact
As mentioned previously, the treatment of non-IgE mediated food allergies
relies on the avoidance of the offending allergens from the diet. The eight most
common foods eliminated (cow’s milk, hen’s egg, soy, wheat, peanut, tree nuts, fish
and shellfish) during the treatment have an important contribution to children’s diet,
as they have indispensable macro and micronutrients.
Advances in the management of food allergies, including individualised
dietary evaluation and advice, supporting of breastfeeding and assisting in the
choice of hypoallergenic formula (when breastfeeding is not possible) may minimize
the risk of developing nutritional disorders. However, as nutritional management can
be challenging in this group of patients, reports of growth deficiency, micronutrients
deficiency (vitamins and minerals) and feeding difficulties are still frequent.
1.7.1 Growth Disorders
Several studies analysed the impact of food allergies on children’s growth.
The majority of these studies reported that children with food allergies have lower
growth parameters when compared with non-allergic children.
The most affected parameters are weight-for-height (wasting) and height-forage (stunting), in keeping with chronic malnutrition. Growth parameters also seem to
be negatively correlated with the increasing number of foods eliminated from the diet,
in particular, if three or more foods are eliminated, and cow’s milk is avoided.
Nonetheless, nearly all studies evaluated children with IgE-mediated food
allergies. Few studies analysed the impact of non-IgE mediated gastrointestinal food
allergies on growth parameters. Vieira et al. (2010) studied children with non-IgE
mediated CMPA through a large observational cross-sectional study. The authors
found a very high proportion of wasting and stunting among allergic children (15.1%
and 23.9% respectively) (Vieira et al., 2010).
Therefore, children diagnosed with food allergies require particular attention
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for growth disorders and ideally should be treated by a multidisciplinary team. It is
essential to measure weight and height in every clinical appointment and to plot the
measurements on appropriate growth charts. A referral to a dietician is
recommended if any concerns regarding growth are raised.
1.7.2 Micronutrients deficiency
Studies investigating children with food allergies through food diaries and food
questionnaires have reported low micronutrient intakes as a result of the elimination
diet. The low consumption by its own is already a risk factor for vitamin and mineral
deficiencies (Christie et al., 2002; Noimark and Cox, 2008). Moreover, in this group
of patients, medication (for example corticosteroids) and inflammation can also affect
these micronutrients.
Vitamin D and calcium are the most known and described deficiencies in food
allergic patients. However, deficiencies of iron, folic acid, B vitamins and omega-3
fatty acids were also reported in this group of patients (Christie et al., 2002).
Recently, concerns about trace elements, such as zinc and magnesium, have also
been raised in allergic children (Ojuawo et al., 1996; Toyran et al., 2012).
Cow’s milk allergy is frequent, and its elimination from the diet has an impact
on calcium intake and vitamin D. Low vitamin D and calcium intake have been
frequently reported in cow’s milk allergic patients, including severe cases resulting in
nutritional rickets (Meyer, 2018). Quantifying calcium in the diet is not difficult, and
can be done through food diaries; however, it is challenging to quantify vitamin D
intake, since sunlight exposure is the primary source of this vitamin (Meyer, 2018).
Recently, bone mineral density has been the focus of studies in children with
CMPA. Milk and dairy products contribute to 45-49% of the daily intake of calcium in
children aged two to 18 years old (Auestad et al., 2015). For this reason, children
with CMPA eliminating cow’s milk from their diet are at risk of low calcium intake.
Low calcium intake is associated with decreased bone formation and reduced bone
remodelling (Dupont et al., 2018). Studies comparing patients with CMPA and
healthy controls have investigated calcium intake and bone mineral density. Mailhot
et al. (2016) found that 61% of children with CMPA had calcium intake below the
American Recommended Daily Allowance compared to 26% of healthy controls
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(Mailhot et al., 2016). The authors also showed that lumbar spine bone mineral
density z-scores were significantly lower in children with CMPA (Mailhot et al., 2016).
Jensen et al. (2004) compared CMPA children that were avoiding cow’s milk for at
least four years and healthy controls, showing that the allergic group had reduced
bone mineralisation and the bone age was delayed by a mean of 1.4 years (Jensen
et al., 2004). Children on an elimination diet can also have low intake and deficiency
of proteins, zinc and potassium, that also impact on bone health (Dupont et al.,
2018).
To reduce the impact of the elimination diet in children with food allergies, a
dietary assessment should be part of the clinical management, and when required
supplementation with vitamin and minerals should be prescribed.
1.7.3 Feeding difficulties
Many children with food allergies will eventually develop feeding difficulties,
particularly in cases of non-IgE mediated gastrointestinal food allergies (Meyer,
2018). Meyer et al. (2014b) found in a retrospective study of children with non-IgE
mediated gastrointestinal food allergies that 40.2% of the parents reported feeding
difficulties (Meyer et al., 2014b). This symptom is highly associated with vomiting
and poor growth (Meyer, 2018), and likely occur because children who feel unwell
after eating are more likely to avoid ingesting food to prevent recurrence of the
symptoms.

1.8 Quality of life
Food allergies can have a significant impact on the quality of life of the affected
children and their families. Many aspects, such as diagnosis process, elimination diet,
combination and severity of symptoms play a role in this process. Studies have
documented that food allergies can cause a considerable psychological and
emotional impact on children and their families when compared to children without
food allergies (Morou et al., 2014).
Parents, in particular mothers, commonly report feelings of anxiety and fear,
(King et al., 2009; Roy and Roberts, 2011), with the delayed diagnosis being the
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starting point. It is constant the worry of inadvertent exposure to food allergens
leading to allergy reactions that can result in anaphylaxis in children with IgE
mediated allergies or in worsening of the symptoms for days or weeks in children
with non-IgE mediated allergies.
The treatment of food allergy consists of eliminating from the child’s diet the
food allergen(s) causing the allergic reactions. The anxiety and the fear of accidental
exposure are present daily. Diet elimination has a significant impact on social
activities for both the child and his/her family and to their emotional well-being
(Franciosi et al., 2012). The burden of planning meals, sourcing allergen-free foods,
avoiding cross-contamination and trusting others to keep the elimination diet is
enormous (Rouf et al., 2012).
The number of foods eliminated from the diet also has a negative association
with quality of life. Studies have shown increased levels of anxiety in children who
were required to eliminate two or more foods from their diets (Venter et al., 2015).
Moreover, Cummings et al. (2010) found a negative correlation between eliminating
multiple foods and health-related quality of life (Cummings et al., 2010). These
findings are probably related to children and families experiencing restrictions with
food, including difficulties with school lunches and shopping (Valentine and Knibb,
2011).
The impact on the quality of life of children diagnosed with IgE-mediated food
allergies families is well studied and documented. Specific quality of life
questionnaires have been developed and validated for this group of patients and
their families, and the European Academy of Allergy and Clinical Immunology
published a position article guiding the clinicians in how to use these questionnaires
(Muraro et al., 2014a). Conversely, there is a paucity of data in the literature
assessing the impact of non-IgE mediated gastrointestinal food allergies on the
quality of life of the sufferers and their families. Although the European Academy of
Allergy and Clinical Immunology has acknowledged the need for validated tools for
this group of patients (Muraro et al., 2014a), until this moment, no health-related
quality of life questionnaire has been developed and validated.
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To date, the only publication evaluating health-related quality of life in non-IgE
mediated gastrointestinal food allergies is from Greenhawt et al. (2016) The authors
studied FPIES, and showed a significant impact on daily function of families in
various domains of health-related quality of life (Greenhawt et al., 2016).
The diagnosis and treatment of food allergies pose a burden not only to
children and their families but also to national health systems worldwide.
Sladkevicious et al. (2010) estimated the total cost of managing CMPA in the UK in
the first 12 months following the first consultation with the GP, at £1,381 per patient
and £25.6 million for an annual cohort of 18,350 infants. Non-IgE gastrointestinal
CMPA accounted for 59% of their cohort (Sladkevicius et al., 2010)
Although the published literature evaluating the burden of non-IgE mediated
gastrointestinal food allergies is scarce, it is possible to hypothesize that the parental
and patient frustration, anxiety and impact in the quality of life lie in the delays in
diagnosis, lack of effective treatments and lack of validated diagnostic tests.
Non-IgE mediated gastrointestinal food allergy is an important entity in
paediatrics. It has a complex diagnosis, management and adds a significant burden
into patients and families’ quality of life. Given the knowledge gap about this
condition in the literature, the aims of the publications included in this thesis are, first,
to prospectively investigate the required length of elimination diet to achieve
symptom improvement during the diagnostic process; second, to evaluate the
knowledge of primary health care professionals about diagnosis and management of
cow’s milk protein allergy (the most common form of non-IgE food allergies) and to
compare with parents views and opinions; and to better understand diagnosis tools,
treatment and tolerance in infants diagnosed with eosinophilic colitis; third, to
evaluate possible impacts of the elimination diet on growth and nutrients
deficiencies; and fourth, to analyse the potential implications of non-IgE mediated
gastrointestinal allergies on the quality of life of the affected children and their
families. My contribution for each one of the studies included in this thesis is
summarised in the Appendix.
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2. ELIMINATION DIET AND THE DIAGNOSIS OF NONIGE MEDIATED GASTROINTESTINAL FOOD
ALLERGIES
22

The second chapter of this thesis is based on the publication of the time to
symptom improvement using elimination diets in non-IgE mediated gastrointestinal
food allergies published in the Pediatric Allergy & Immunology journal (Lozinsky et
al., 2015b). This is the main article derived from the data of the “Discovering the
effect of non-IgE mediated allergies on children and their families” study. (Lozinsky
et al., 2015b)
This project was designed to investigate, as a primary outcome, the impact on
the quality of life and also establish, symptoms, growth and dietary elimination in
non-IgE mediated gastrointestinal food allergies in childhood as little is known about
this condition. Children with suspected non-IgE mediated gastrointestinal food
allergies

were

recruited

and

followed

prospectively

at

a

large

tertiary

gastroenterology department in the UK from December 2011 to November 2013.
When designed, one of the main objectives of this project was to address the
controversy of the required length of the elimination diet to achieve symptom
improvement. The definitive diagnosis of the non-IgE mediated gastrointestinal food
allergy is based on clinical improvement following an elimination diet and the
reappearance of the symptoms during oral food challenge (Boyce et al., 2010; Walsh
and O'Flynn, 2011), since allergy tests have minimal value for this condition (Meyer
et al., 2013). However, the recommended length of the diet varies widely between
different guidelines, from two to 12 weeks (Koletzko et al., 2012). Moreover, there is
a paucity of data in this regard, with the knowledge being based on experts’ opinions
and in studies of children with cow’s milk protein allergy (single food allergy).
Although the elimination diet is a fundamental tool for the diagnosis of nonIgE-mediated gastrointestinal food allergy, it is of equal importance to determine the
period to be followed during the diagnosis process, avoiding it to be too short or too
long. The first can lead to a false-negative result and the latter to an increased risk of
nutritional deficiencies (Meyer et al., 2014a).
Families of children aged four weeks to 16 years old without non-allergic
comorbidities with suspected non-IgE mediated gastrointestinal food allergies, who
were required to initiate an elimination diet as part of their diagnosis investigation,
were invited to take part in this study.

23

The Likert Scale of Gastrointestinal Food Allergy Symptom Questionnaire
(GIFASQ) was used in this study. This tool was previously developed based on
symptoms of 437 children with proven gastrointestinal food allergy. The GIFASQ
was then validated in a prospective observational study where data of 77 participants
were analysed (Dominguez-Ortega et al., 2013).
The GIFASQ was administered prior to starting the elimination diet and again
four weeks after it. If the child has not improved after four weeks in the diet, the
family was advised to continue it for another four weeks, and a questionnaire was
administered again when eight weeks of elimination diet were reached. The Likert
scale questionnaire measured the severity of the nine most common symptoms of
non-IgE mediated gastrointestinal food allergies (diarrhoea, constipation, vomiting,
rectal bleeding, abdominal pain, flatus, bloating, screaming/back arching/irritability,
food aversion) individually (0 to 5) and collectively (0-45).

Children were only

enrolled in the study if there was an improvement in their symptom score after the
elimination diet when compared to their baseline score.
During recruitment, 252 children with suspected non-IgE mediated
gastrointestinal food allergies were identified.

From those, 91 were excluded

because they did not want to take part in the study, were not reachable or had other
comorbidities. Therefore 161 participants were initially enrolled in the study, of which
30 participants did not improve on the elimination diet. These participants were
excluded and subsequently diagnosed with functional gastrointestinal diseases (22
participants) or other gastrointestinal disorders, like inflammatory bowel disease (8
participants). Therefore, data from 131 children were analysed.
All patients participating in this study attended a clinical research visit where
anthropometric measurements, skin prick test and collection of demographic data
were performed. In this same visit, participants received individualised dietetic advice
to help the families with the elimination diet process.
In this study, I found that the time to symptom improvement following the
initiation of the elimination diet was four weeks in 98% of our patients. All symptoms
individually and collectively have statistically improved after commencing the
elimination diet (p <0.001). The median score dropped from 19/45 (IQR: 14 to 24) to
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7/45 (IQR: 4 to 12) after the elimination diet (p <0.001). Despite the improvement in
symptoms, the majority of the participants had only partially improved.
No statistical difference was found in the percentage of symptom
improvement and the number of foods eliminated or the type of food excluded (soy,
milk, egg or wheat).
The results of this study confirmed for the first time in literature that an
elimination diet for four weeks should be sufficient for the diagnosis of non-IgE
mediated gastrointestinal food allergies in the majority of children, establishing a
standardised duration for the elimination diet in the clinical diagnostic work out of
non-IgE food allergies. This study has been awarded the Editor’s choice of
Paediatric Allergy and Immunology issued in August 2015, was cited various times
and were discussed in the European Academy of Allergy and Clinical Immunology
Conference, in June 2015, as one of the highlight articles of the year studying NonIgE mediated gastrointestinal food allergies.

Strengths and limitations
The “Discovering the effect of non-IgE mediated allergies on children and their
families” study was designed to be a prospectively follow up study of a large cohort
of children with non-IgE mediated gastrointestinal food allergies to gain more indepth knowledge about this condition. It was the first study to confirm the required
length of the elimination diet in the diagnostic process of this disease. The main
limitation of this study was the absence of a food challenge after 4-8 weeks
elimination diet to conclude the diagnostic gold standard of this condition. Another
limitation is that this is a parental report questionnaire-based study and, hence, the
study may be biased, as it is known that non-IgE mediated gastrointestinal food
allergies can impact on the quality of life of families, leading to over-reporting of
symptoms by parents.

Publication
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1. https://www.ncbi.nlm.nih.gov/pubmed/25963794
Lozinsky, A. C., Meyer, R., De Koker, C., Dziubak, R., Godwin, H., et al. (2015b).
‘Time to symptom improvement using elimination diets in non-IgE-mediated
gastrointestinal food allergies’. Pediatric Allergy and Immunology, 26(5) pp. 403-408.
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3. THE JOURNEY OF CHILDREN WITH NON-IGE
MEDIATED COW’S MILK PROTEIN ALLERGY AND A
SYSTEMATIC REVIEW OF EOSINOPHILIC COLITIS
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The third chapter of this thesis focuses on two publications. The first one reports
the medical and parent journey of cow’s milk protein allergy (CMPA) (Lozinsky et al.,
2015a), the most common allergen in non-IgE mediated gastrointestinal food
allergies. This publication documents the knowledge of General Practitioners (GPs)
in the UK regarding the diagnostic criteria and the management of this allergy and
the opinion and the views of affected families during the diagnostic process. The
second publication reports the results of an extensive systematic review of the
literature regarding characteristics, symptoms, treatment, and outcomes of infants
with eosinophilic colitis, which is the most typical presentation of non-IgE mediated
gastrointestinal food allergies in childhood (Lozinsky and Morais, 2014).
CMPA affects 1.9-4.9% of infants (Fiocchi et al., 2010). In the majority of the
cases, the symptoms tend to develop in the first few months of life, and the diagnosis
pathway can be challenging for parents and GPs with delays in the diagnosis and
suboptimal treatment (Sladkevicius et al., 2010).
The first publication is a survey-based study and was distributed to all areas in
the UK. Two separate surveys were developed (one for GPs and one for parents)
using qualitative and quantitative research methods and were distributed online via
large websites (Doctors.net.uk for GPs and OpinionHealth for families). GPs who
had seen at least one case of a child with CMPA in the past year and parents of an
infant diagnosed with CMPA in the past year were eligible to take part in the survey.
In this publication (Lozinsky et al., 2015a), the team and I evaluate the GPs’ selfreported knowledge on CMPA diagnosis, management, and educational needs. We
also report the experiences of parents of infants with CMPA about the same topics.
In total, 403 GPs and 300 parents completed the survey. It was clear from the
results that parents and GPs have different perceptions about the journey of the
disease. GPs acknowledge that, ideally, the diagnosis of CMPA should take four
weeks based on recent guidelines; however, it took them a median of 8 weeks to
diagnose the cases they were faced with. Parents reported that took, on average,
ten weeks and four visits to health care professionals before a diagnosis has been
reached. Both GPs and parents felt the burden of the disease, with the majority of
the GPs stating that they are working in an over-stretch situation regarding time and
budget. Parents reported an impact on their family’s quality of life mainly related to
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time to reach the diagnosis and their child’s symptoms. The vast majority of GPs
acknowledged more training and support is required to improve the diagnosis and
treatment of CMPA in the primary care setting in the UK.
One of the most frequent presentations of non-IgE mediated gastrointestinal food
allergy in infants and children is eosinophilic colitis, which is characterized by the
presence of blood in the stools and is frequently caused by CMPA. In the second
publication of this chapter (Lozinsky and Morais, 2014), I report the combination of
all cases of infants with eosinophilic colitis found in the literature (English,
Portuguese and Spanish) from 1966 to 2013 intending to broaden the knowledge of
this frequent manifestation of non-IgE mediated gastrointestinal food allergy.
Thirty-two articles were included, evaluating a total of 314 infants, with the
majority of them being male and younger than six months old. Half of the infants
were exclusively breastfed at the time of the diagnosis. Allergic tests were negative
in the majority of infants. Rectal biopsies were performed in 84% of infants with
eosinophilic infiltration being the central finding. In most cases, the treatment was the
removal of cow’s milk from the mother and/or child’s diet with the disappearance of
the bleeding. Seventy-eight percent of patients that were submitted to an oral
provocation test by 12 months of age showed tolerance to cow’s milk protein.
Both studies have a significant clinical impact. The first one highlighted the
importance of creating meaningful and continuing education programmes for GPs,
as they are usually the first port of call for parents with children exhibiting symptoms
of non-IgE mediated food allergies. Developing tools and aids through guidelines can
also help and shorten the time to diagnosis. Public health programmes and
educational tools for parents are also essential to increase the awareness of CMPA
and reduce the burden on families and health care professionals. The second study
filled a knowledge gap regarding what was known about eosinophilic colitis in infants
and was cited several times in the literature. Before this study, the information was
diluted in case reports and small studies.
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Strengths and limitations
Both studies have limitations. The main limitation of the first publication is that
it is a survey-based study distributed online, with self-rated questions so that bias
may exist, whether from parents who had a bad experience during their children’s
diagnosis or from GPs that have faced difficult and challenging cases of infants with
CMPA. Nevertheless, the study has had a high rate of response from all areas of the
UK, which can minimize the subjectivity of the results and is likely to be
representative from different resource settings in the country. The main limitation of
the second publication is that this study is a compilation of cases based on a
literature review, not being able to account for the heterogeneity of studies that may
have applied different methodologies. However, it represents and summarises the
knowledge of this disease from accumulated data in the last 54 years.

Publications
1. https://www.ncbi.nlm.nih.gov/pubmed/27417366
Lozinsky, A.C., Meyer, R., Anagnostou, K., Dziubak, R., Reeve, K., et al. (2015a)
‘Cow’s Milk Protein Allergy from Diagnosis to Management: A Very Different Journey
for General Practitioners and Parents’. Children, 2(3) pp. 317-329.
2. https://www.ncbi.nlm.nih.gov/pubmed/24131740
Lozinsky, A. C. & Morais, M. B. (2014). ‘Eosinophilic colitis in infants’. Jornal de
Pediatría, 90(1) pp. 16-21.
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4. NUTRITIONAL IMPACT OF THE DISEASE AND THE
ELIMINATION DIET
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This chapter comprises of two sections: the first one (Meyer et al.,
2016) focused on the impact of the elimination diet on children’s growth
before and after commencing it. The second chapter (Meyer et al., 2015)
evaluates the children’s intake of vitamins and minerals while on an
elimination diet for the diagnosis and treatment of non-IgE mediated
gastrointestinal food allergies and the current practice of vitamin and mineral
supplementation for this group of patients.
The elimination diet is critical for the diagnosis and treatment of nonIgE mediated gastrointestinal food allergies. However, its methodology varies
among centres and the severity of the cases. Some teams will initiate a
multiple elimination diet with single food reintroduction every four to eight
weeks to identify the allergens causing the symptoms. In contrast, others will
start with single food elimination (the majority will start with cow’s milk) and
increase the number of foods progressively until symptom resolution (Meyer R,
2012). The most common foods eliminated during the diagnostic workout
have an important contribution to children’s diet, and their elimination may
have a potential impact on children’s growth.

4.1 Growth impact and factors associated
This section includes a publication that describes the changes on
children’s growth before and after commencing an elimination diet (on a
repeated measure analysis) and the associated factors that contribute to
growth, like energy and protein intake (Meyer et al., 2016). Even though 131
participants were enrolled on the “Discovering the effect of non-IgE mediated
allergies on children and their families” study, data of 130 were analysed in
this publication due to availability of growth parameters. Pre-elimination
weight and height measurements were taken from clinical notes. The study
team took post-elimination measures at the research visit after a minimum of
four weeks of an elimination diet.
The mean z-scores for weight-for-age, height-for-age, weight-for-height
(< five years old) and body mass index (BMI) before the elimination diet were
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-0.203, -0.155, -0.023 and -0.034. The same parameters were evaluated after
the elimination diet and the z-scores for weight-for-age, height-for-age,
weight-for-height (< five years old) and BMI were 0.008, -0.122, 0.260 and 0.017. There was a statistically significant increase in the weight-for-age after
commencing the elimination diet compared to the pre-elimination diet period
(p=0.003).
After four weeks of elimination diet it was noted that 9% of the cohort
was stunted (low height-for-age), 2.2% of children < five years old were
wasted (low weight-for-height) and 5% of children > five years old had BMI
less than -2 z-score. Additionally, 2.2% of children < five years old and 10% of
children > five years old were overweight.
Before starting the elimination diet, all families received dietetic advice
and were asked to record a three-day food after four weeks on the elimination
diet for analysis of macronutrient intake. Data of 110 children were included.
68.2% and 50% of children met their requirements for energy and protein
intake, respectively. Interestingly, 47.3% of children consumed more than
200% of the reference nutrient intake for protein. Multivariate regression
analysis was performed to assess factors that impacted on growth before and
after the elimination diet. Vitamin and/or mineral supplements and children
that received a higher percentage of energy from protein had a more
significant increase on weight-for-age z-scores. Conversely, children that
received a higher rate of energy from carbohydrates had on average lower
post-elimination height-for-age z-scores. The use of hypoallergenic formulas
had a positive impact on weight-for-age, while over-the-counter alternative
milk products had a negative impact.

Strengths and limitations
The results of this study are important: I provided evidence that there
was an improvement in the weight-for-age and weight-for-height on the four
weeks elimination diet. The study has also shown that the improvement was
not related to the diet itself (the type of food excluded and the number of
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foods eliminated), but rather to achieve the energy and protein intake
requirements and also linked to the use of hypoallergenic formulas. These
findings highlight how important is to give detailed and individualised dietary
advice to families before commencing an elimination diet and how this change
in clinical practice can impact positively on the growth of children with non-IgE
mediated gastrointestinal food allergies.
This study is not without limitations. The main limitation is the absence
of a control group of non-allergic children that would allow interesting
comparisons between groups (allergic versus non-allergic) in regard to growth
and nutrient intake. Another limitation is that weight and height measurements
before the elimination diet were collected from clinical notes, and it was not
possible to obtain weight and height pre-elimination diet from all the
participants. Also, due to study design, no growth measurement was done
after four weeks of elimination diet. It would be interesting to have measured it
again after two to three months to have a better idea, mainly, of the impact of
the diet elimination on the height-for-age.

Publication
1. https://www.ncbi.nlm.nih.gov/pubmed/27418957
Meyer, R., De Koker, C., Dziubak, R., Godwin, H., Dominguez-Ortega, G., et
al. (2016) ‘The impact of the elimination diet on growth and nutrient intake in
children with food protein induced gastrointestinal allergies’. Clin Transl
Allergy, 6(25) pp 1-7. [Online][Acessed on June 2019] DOI:10.1186/s13601016-0115-x¶
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4.2 Vitamin and mineral supplementation in non-IgE mediated food
allergic children
This section is based on a publication evaluating the current practice of
vitamin and mineral supplementation in food allergic children while on an
elimination diet, focusing on the impact of this supplementation and also
evaluating the prescription rate of supplements for patients who had low
vitamin and/or mineral intake based in their diets (Meyer et al., 2015).
Previous studies in food allergic children reported low micronutrient intake as
the result of the elimination diet, with proper documentation about vitamin D,
calcium and omega-3 fatty acids (Sova et al., 2013).
This study’s results are part of the “Discovering the effect of non-IgE
mediated allergies on children and their families” study. Data on nutrient
intake, vitamin and/or mineral supplementation, use of hypoallergenic formula
or over-the-counter milk alternatives were collected from a three-day food
diary recorded by families after four weeks of the elimination diet. A hundred
and ten children had a complete food diary and were analysed. The median
age of the cohort was 30 months. All infants that were exclusively breastfed or
received two or more breastfeeds per day were excluded from the analysis
due to difficulties in estimating individualized consumption. Biochemical
markers of micronutrient intake were also collected and analysed when
available.
I have analysed dietary adequacy of micronutrients intake without
supplements (n=110) and found that no child had vitamin C deficiency. Also,
low intake of vitamin B12, B6, thiamine and folate were rare. However, 60% of
the children had low vitamin D intake. Low intake of zinc, copper and
selenium were also common. From 110 patients, 32 (29%) were taking
vitamin and/or mineral supplements, with a mean age of 5.1 years and the
majority of them were on over-the-counter milk alternatives. 68% of the
patients had a prescriptible supplement. When I evaluate the micronutrient
intake from this subgroup of patients, I found that a high number of patients
did not achieve their vitamin D dietary requirements. Many children that were
identified as having low micronutrient intake for specifics micronutrients
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(zinc), did not receive an adequate supplement. Moreover, a high percentage
of children on supplements exceeded 200% of the reference nutrient intake
for vitamin C, vitamin B6, thiamine, folate, selenium and Vitamin A. Only
seven (6.3%) children had biochemical markers taken.
This study has shown that 60% of the cohort have low vitamin D intake.
This finding is consistent with previous studies in allergic and non-allergic
patients (Greer, 2008, Zipitis et al., 2006). Rickets is a concern in the UK and
also in many European countries (Goldacre et al., 2014). I also reported a
high number of children with low intake of copper, zinc and selenium, which
was also demonstrated in previous studies (Ojuawo et al., 1996; Toyran et al.,
2012). These micronutrients have an immunomodulatory role in the organism
and are essential for children (Kamer et al., 2012).

Strengths and limitations
This study highlights that low intake of vitamins and micronutrients is
frequent in children with non-IgE mediated food allergies on an elimination
diet and that a high proportion of children do not receive adequate
supplementation. The results of this study show how important it is in the
clinical practice to take a detailed clinical and food history and also a detailed
food diary when evaluating a patient with suspected food allergy. These are
essential tools to identify potential micronutrients deficiencies and ally in the
prescription of the correct supplement for the patient.
The main limitation of this study is that a three-day diary may not be
accurate enough to indicate a vitamin or mineral deficiency, but when
analysed correctly can indicate a low intake of micronutrients. Another
limitation is that all information analysed in this study was based on parents’
documentation, and there is the possibility of a lack of documentation and
recall bias of diet components or the use of a supplement. In this case, bias
could be related to parents that did not document all supplements their
children were on due to concern that the dietitian would request them to
discontinue or change it.
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Publication
2. https://www.ncbi.nlm.nih.gov/pubmed/25780558
Meyer, R., De Koker, C., Dziubak, R., Skrapac, A. K., Godwin, H., et al.
(2015) ‘A practical approach to vitamin and mineral supplementation in food
allergic children’. Clin Transl Allergy, 5(11) pp.1-7. [Online] [Acessed on 4th of
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5. THE IMPACT OF NON-IGE GASTROINTESTINAL
FOOD ALLERGIES ON THE QUALITY OF LIFE OF
CHILDREN AND THEIR FAMILIES
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The fifth chapter of this thesis focuses on two publications. The first one
reports the parent’s perception of the impact of non-IgE mediated
gastrointestinal food allergies on the quality of life of their children (Foong et
al., 2017). The second publication reports the impact on the quality of life of
families with children diagnosed with non-IgE mediated food allergies (Meyer
et al., 2017). Both publications are derived from the “Discovering the effect of
non-IgE mediated allergies on children and their families” study.
It has been reported in the literature that the diagnosis of food allergies
during infancy can cause a significant psychological and emotional burden on
children and their families when compared with children without food allergies
(Morou et al., 2014; Primeau et al., 2000). The impact on the quality of life of
children suffering from IgE-mediated food allergies and their families is well
studied and documented, including validated tools and specific food-allergic
health-related quality of life (HRQoL) questionnaires (DunnGalvin et al., 2008;
Muraro et al., 2014a). Conversely, there is a paucity of data and no validated
tool to evaluate the impact on the quality of life of children with non-IgE
mediated gastrointestinal food allergies and their families (Nowak-Wegrzyn et
al., 2015).
In the first publication (Foong et al., 2017), I analysed the impact of
non-IgE mediated gastrointestinal food allergy on the quality of life of affected
children aged two to 16 years old. The team and I have used the Pediatric
Quality of Life Inventory (PedQLTM) (Varni et al., 2004), which is a validated
questionnaire for parental proxy use for children aged above two years (Varni
et al., 2015). The PedQLTM scores out of a 100, and a lower score represents
a worse quality of life. It evaluates five different domains: nursery (two to four
years old) or school (≥ five years old) functioning, emotional functioning,
physical functioning, social functioning and psychosocial functioning, The
results from our cohort were compared to three published cohorts of children
(norm data, functional abdominal pain and IgE-mediated peanut allergy) who
had their quality of life evaluated by the same tool (Eiser and Varni, 2013;
King et al., 2009; Youssef et al., 2006).
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Parents of 52 children with non-IgE mediated gastrointestinal food
allergies completed the PedQLTM. The mean total score of the cohort was
75.43 (SD 13.82). Multiple linear regression was conducted, and the factors
that were significantly associated with worse quality of life within our cohort
were the number of foods excluded and the presence of nasal congestion.
When the results were compared with the norm data cohort, I found that our
cohort had a significantly worse quality of life in the physical (t(25)= -2.36, p=
0.03), psychological (t(25)= -2.20, p= 0.04), and emotional (t(25)= -2.62, p=
0.02) domains, and also overall (t(25)= -2.12, p= 0.04). When the results were
compared with the functional abdominal pain cohort, I found that our cohort
had a significantly better social functioning but a significantly worse emotional
functioning. The third comparison of our results was with an IgE-mediated
cohort. No significant differences were found in the overall quality of life and
the majority of the domains, with the only significant difference being the nonIgE mediated cohort showing a worse physical function.
The second publication of this chapter reported the impact on the
quality of life of parents of children diagnosed with non-IgE mediated
gastrointestinal food allergies (Meyer et al., 2017), using the Family Impact
Module of the Pediatric Quality of Life (PedQL FIMTM) (Varni et al., 2004). The
questionnaire has 36 questions divided into eight domains: physical
functioning, emotional functioning, social functioning, cognitive functioning,
communication, worry, daily activities, and family relationships. The parents
reply to the question on a 5-score Likert scale (0= never a problem; 4= always
a problem) and then each score is reverse-scored and linearly transformed to
a 0–100 scale (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0), so that higher scores
indicate better functioning and less negative impact.
In this study, the results from our cohort were also compared with
those of historical cohorts, children with sickle cell disease and families of
children with intestinal failure (Panepinto et al., 2009; Sanchez et al., 2013).
These cohorts were chosen as they represent families with children
diagnosed with chronic illness, with the severity of symptoms varying from
mild to severe. The team and I found that the total mean PedQL FIMTM score
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in our cohort was 57.43 (SD 22.27). All domains were affected; however, the
most affected ones were daily family activities, and parents were distraught.
Multiple linear regression was used to determine which factors were more
related to a worse quality of life for the families, and it was found that a higher
number of foods eliminated, a higher symptom severity, younger age and
presence of nasal congestion had a significant negative impact on the quality
of life of the families.
When the results were compared with the sickle cell historical cohort
(Panepinto et al., 2009), I found that our cohort had significantly worse scores
in all domains. Moreover, when the results were compared to the intestinal
failure cohort (Sanchez et al., 2013), our cohort had a lower mean score in all
domains, with physical, emotional and worry domains being significantly lower.

Strengths and limitations
Both studies have a substantial clinical impact, as they were carried out
to better understand the impact of non-IgE mediated gastrointestinal food
allergies on the HRQoL of children and their families, which will lead to better
care and support by the health care professionals for those children and
families. The first study highlighted that the main domains that are affected in
the children’s lives are the physical, emotional and psychosocial. Those are
mainly linked to the delay in diagnosis, emotional distress related to
environments involving foods or associated symptoms. From the second
publication, our data indicate that families in our cohort have a poor quality of
life in all domains of the validated questionnaire. They are particularly affected
in daily activities as well as physical and emotional functioning (Meyer et al.,
2017). These often start with poor symptom recognition and delay in
diagnosis. When diagnosed, symptom management can often impose further
stress. Parents also report significant worry about their child. The fear of
accidental exposure and therefore the burden of planning meals, sourcing
free-from foods, ensuring that foods are not contaminated and often trusting
others to keep to the dietary elimination, is significant (Rouf et al., 2012). The
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studies have shown that are important implications upon the physical,
psychological and emotional domains for the child and the family, as the
disease brings a routine change for the whole family, including careful
preparation for daily activities. It also generates a high level of anxiety and
frustration related to the fear of accidental exposure to the allergenic food and
severity of the reaction; also difficulties accepting feeling different from one’s
peers. Both studies brought valuable clinical knowledge to clinicians, showing
that it is essential to give advice and support to children and their families in
early stages of the disease to reduce the impact and the burden in their lives.
Both studies have limitations. The main limitation of the first publication
is that part of the “Discovering the effect of non-IgE mediated allergies on
children and their families” cohort was excluded from this study as the parent
proxy PedQLTM is designed for children older than two years of age. The
PedQLTM has not been specifically validated for non-IgE mediated
gastrointestinal food allergies. Nevertheless, it has been designed to be used
in all types of paediatrics diseases. The main limitation of the second
publication is similar to the reported above, and it includes the fact that the
questionnaire is a generic tool but has never been validated specifically for
non-IgE mediated food allergies. Also, the PedQL FIMTM was validated for
children older than two years of age, and we have used it in a younger cohort.
The PedQL FIMTM has nonetheless been used in many cohorts younger than
two years old in the literature.

Publication
1. https://www.ncbi.nlm.nih.gov/pubmed/27992662
Foong, R. X., Meyer, R., Godwin, H., Dziubak, R., Lozinsky, A. C., et al.
(2017) ‘Parental perception of their child's quality of life in children with nonimmunoglobulin-E-mediated gastrointestinal allergies’. Pediatric Allergy and
Immunology, 28(3) pp. 251-256.
2. https://www.ncbi.nlm.nih.gov/pubmed/28261374
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Meyer, R., Godwin, H., Dziubak, R., Panepinto, J. A., Foong, R. M., et al.
(2017) ‘The impact on quality of life on families of children on an elimination
diet for Non-immunoglobulin E mediated gastrointestinal food allergies’. World
Allergy Organ J, 10(1):8 pp. 1-8 [Online] [Acessed on 4th of April 2019] DOI:
10.1186/s40413-016-0139-7
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6. CONCLUSIONS AND FUTURE PERSPECTIVES
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6.1 Brief summary of the thesis
This thesis set out to investigate diverse aspects of non-IgE mediated
gastrointestinal food allergy in children utilising a publication approach. The
thesis’s introduction argued for the importance of this study by considering
research studies and evidence already completed and the aspect that
required exploration. The following four chapters considered the publications
around this study, in a progressive manner, showing the building of
knowledge to ensure the research for this thesis was systematic and robust.
This final chapter will now consider its key contributions to knowledge,
limitations and implications for policy and practice

6.2 Key contribution
The series of studies included in this thesis have significantly advanced
the knowledge about the relatively recently described clinical condition of nonIgE mediated gastrointestinal food allergies. For the first time, it has become
apparent that the necessary amount of time that is required for the elimination
diet in order to diagnose the majority of patients with non-IgE mediated
gastrointestinal food allergies is four weeks, which previously varied widely in
the literature and was based on experts’ opinion.
The results of this study have been well disseminated in the paediatric
gastroenterology community. It has been awarded Editor’s choice of Pediatric
Allergy and Immunology journal (Issue August 2015) and the results were
also presented in the European Society for Paediatric Gastroenterology
Hepatology

and

Nutrition

annual

meeting.

Professor

Katie

Allen

(2015:presentation), an Australian leading consultant also presented the
study’s results during the 2015 congress of the European Academy of Allergy
and Clinical Immunology.
The team I worked alongside with at the Great Ormond Street Hospital
have utilised the findings of this study and have now embedded it in clinical
practice as a tool in the diagnosis process of children with suspected non-IgE
mediated gastrointestinal food allergies since 2015. Also, now in Australia I
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have disseminated the knowledge of my findings to the allergy team at the
Royal Children’s Hospital and to the Monash Medical Centre who are in the
process of reconsidering their practice on the basis of these findings.
Additionally, this thesis demonstrates that a detailed medical and food
history and an individualised dietary advise can lead to an improvement of
growth parameters of the affected children, supporting the importance of a
multidisciplinary team in the treatment of children with this condition. The
impact of non-IgE mediated food allergies on the quality of life of affected
children and their parents has been quantified, demonstrating the burden of
this increasingly diagnosed public health issue.
Another knowledge gap that has been addressed in this thesis was the
reporting on the significant low intake of vitamin and micronutrients that occur
in non-IgE mediated allergic children, highlighting the importance of taking a
comprehensive medical and nutritional history, as well as supplementing
micronutrients accordingly. The perception of the disease by parents and by
general practitioners is remarkably different. Separate education programmes
for both parents and health professionals on the front line who often have the
first contact with the patient are fundamental to tackle this problem optimally.
6.3 Implications for police and practice
The findings of the studies included in this thesis have the potential to
change clinical practice. Important ground educational work with families and
GPs will be crucial to avoid delay of diagnosis and its long-term nutritional and
growth consequences. With the evidence from this thesis, guidelines should
now be able to take into account the suggested time of elimination diet of four
weeks, as well as vitamins and nutrients supplementation as appropriate.
A recommendation has been put in for change in guideline for Monash
Medical Centre - Monash Health and this will impact on allergists practice in
Victoria – Australia. Also, as discussed above (6.2), the findings have now
been out into practice at the Great Ormond Street Hospital.
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6.4 Limitations
It is essential, however, to acknowledge the limitations of the included
studies. The main limitation was that these clinical studies had an
observational cohort design and lacked a control group. Inherently, it is
possible that there were unknown confounding factors that could not be
adjusted for in the analysis stage. Another important limitation is the absence
of a food challenge after four to eight weeks of the elimination diet in order to
conclude the diagnostic gold standard process. Nonetheless, a randomised
controlled trial with a no-treatment or placebo group would have been
impractical, if not unethical.
The evaluation of mineral and vitamin deficiency was based on a threeday dairy documented by parents. This dietary assessment method may not
the most accurate due short time frame, lack of documentation and recall bias
of the diet components. Nevertheless in the absence of a validated food
frequency questionnaire for allergic children, the three day diary was the best
choice for the study as when analysed correctly can point towards low intake
of vitamins and micronutrients if present.
The analysis of the impact of the disease on quality of life relied on a
Likert scale and parents’ perception of signs and symptoms. This could have
been influenced by recall bias due to varying severity degrees and timing of
diagnosis. The Likert scale utilised is a well-established and validated tool and
designed to be used in different types of paediatric disease. However, the
severity of the disease itself is also likely to play a significant role on the
quality of life, and there is a lack of qualitative research on parents’ opinion
using validated instruments and in-depth interviews.

6.5 Future Studies
Future studies will be important for this group of patients as there is
much more to understand and investigate non-IgE mediated gastrointestinal
food allergies in infancy and childhood. Identifying reliable diagnostic tests for
the diagnosis of non-IgE mediated food allergies is essential to decrease the
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delay in the diagnosis process, to reduce the number of consultations in the
primary care settings and to improve the quality of life of children and their
families. Research focusing on the improvement of knowledge and
development of tools for health care professionals and families are also
essential to reduce the burden of the disease in both groups.
Studies evaluating new treatment options for food allergy are also
important and necessary, as the diet elimination presents multiple challenges
for patients, families and health care professionals. Recently, oral
immunotherapy has been studied as a potential treatment for IgE-mediated
allergies (Nurmatov et al., 2017). It involves administering gradually
increasing amounts of food allergen under medical supervision, with possible
outcomes of developing desensitisation or tolerance to the food allergen
(Nurmatov et al., 2017). To date, nothing similar has been studied for non-IgE
mediated gastrointestinal food allergies.
Population-based studies, as well as genetic association studies, will
be important to better understand the aetiology of food allergies, which
ultimately lead to personalised treatment options choice. Identifying the risk
factors for the disease and measures to prevent or decrease the prevalence
in the long term is also important as food allergy is one of the diseases of the
century and its incidence is still rising.
For a more profound knowledge of the disease leading to a better
understanding of diagnosis and treatment options, studies of larger cohorts
are necessary. Those should focus on finding diagnostic tests to facilitate the
diagnosis of non-IgE mediated gastrointestinal food allergies and on other
treatment options, including medications for the most severe cases.

6.6 Conclusions
The prevalence of food allergy in the paediatric population is increasing
in the last decades, and it is recognised as a significant public health problem.
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Non-IgE mediated gastrointestinal food allergies are an important form of food
allergy in infancy and childhood with a high prevalence.
The diagnosis and treatment of non-IgE mediated gastrointestinal food
allergies remain a challenge.
The “Discovering the effect of non-IgE mediated allergies on children
and their families” is a landmark study in the paediatric food allergy field.
There

was

a

big

gap

of

knowledge

regarding

non-IgE

mediated

gastrointestinal food allergies in childhood. This well-designed study
investigated and elucidated some important characteristics and clinical
features of this group of patients. Its impact is reflected in the number of
publications derived from the results of this cohort, the large number of
citations and the potential impact in clinical practice worldwide as much more
is known about this condition.
The main finding of this study is that elimination diet of four weeks is
enough for the diagnosis in the vast majority of the patients with suspected
non-IgE mediated food allergies. I also reported, for the first time, the burden
of this disease for children and their families.
Further research is warranted to improve the diagnostic process and
treatment of non-IgE mediated gastrointestinal food allergies in infancy and
childhood. Studies investigating preventative measures for the development
of food allergies in childhood are also essential in the future.
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2. A) To evaluate the knowledge of
GPs
about
diagnosis
and
management of CMPA and to 2. UK CMPA cohort
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infants diagnosed with eosinophilic
colitis
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elimination diet on
nutrients deficiencies

growth
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Articles
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Prospective Observational Study

1. Lozinsky, A. C., Meyer, R., De Koker, C., Dziubak, R., Godwin, H.,.
(2015b) ‘Time to symptom improvement using elimination diets in non-IgEmediated gastrointestinal food allergies’. Pediatric Allergy and
Immunology, 26(5) pp. 403-408.

Funding: Charitable grant from Great
Ormond Street Hospital Charities
Survey based study

2. Lozinsky, A.C., Meyer, R., Anagnostou, K., Dziubak, R., Reeve, K., et
al. (2015a) ‘Cow’s Milk Protein Allergy from Diagnosis to Management: A
Very Different Journey for General Practitioners and Parents’. Children,
2(3) pp.317-329.
3. Lozinsky, A. C. & Morais, M. B. (2014) ‘Eosinophilic colitis in infants’.
Jornal de Pediatría, 90(1) pp.16-21.

Funding: Mead Johnson Nutrition UK

Systematic review
Funding: none

4. Meyer, R., De Koker, C., Dziubak, R., Godwin, H., Dominguez-Ortega,
G., et al. (2016) ‘The impact of the elimination diet on growth and nutrient
intake in children with food protein induced gastrointestinal allergies’. Clin
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DOI:10.1186/s13601-016-0115-x

Prospective Observational Study
Funding: Charitable grant from Great
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4. Analyse the potential impact of nonIgE mediated gastrointestinal allergies
on the quality of life of the affected
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non-IgE mediated allergies on
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5. Meyer, R., De Koker, C., Dziubak, R., Skrapac, A. K., Godwin, H., et al.
(2015) ‘A practical approach to vitamin and mineral supplementation in
food allergic children’. Clin Transl Allergy, 5(11) pp.1-7. [Online] [Acessed
on 4th of May 2019] DOI: 10.1186/s13601-015-0054-y
6. Foong, R. X., Meyer, R., Godwin, H., Dziubak, R., Lozinsky, A. C., et al.
(2017) ‘Parental perception of their child's quality of life in children with
non-immunoglobulin-E-mediated gastrointestinal allergies’. Pediatric
Allergy and Immunology, 28(3) pp. 251-256.
7. Meyer, R., Godwin, H., Dziubak, R., Panepinto, J. A., Foong, R. M., et
al. (2017) ‘The impact on quality of life on families of children on an
elimination diet for Non-immunoglobulin E mediated gastrointestinal food
allergies’. World Allergy Organ J, 10(1):8 pp. 1-8 [Online] [Acessed on 4th
of April 2019] DOI: 10.1186/s40413-016-0139-7
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Ormond Street Hospital Charities
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C. My contribution to each publication

My contribution to the Discovering the effect of non-IgE mediated allergies on children and their families study includes
overall coordination of data collection, statistical analysis and writing of the manuscripts.
In the study performed outside the Discovering the effect of non-IgE mediated allergies on children and their families project,
my contribution included the study design and a significant proportion of data collection, statistical analysis and writing of the
manuscripts.
My contribution for each publication is summarised in the following Table.
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