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PREFACE

A food allergy is an exaggerated immune response triggered by eggs, peanuts, milk, or
some other specific food. Normally, your body's immune system defends against potentially
harmful substances, such as bacteria, viruses, and toxins. In some people, an immune
response is triggered by a substance that is generally harmless, such as a specific food. The
cause of food allergies is not fully understood. A food allergy frequently starts in childhood,
but it can begin at any age. Fortunately, many children will outgrow their allergy to milk, egg,
wheat, and soy by the time they are 5 years old if they avoid the offending foods when they
are young. Allergies to peanuts, tree nuts, and shellfish tend to be lifelong. This new book
presents recent significant research in this field.

Short Communication - Background and Objective: Recently, the number of patients
having oral allergy syndrome (OAS) associated with fruits has been increasing. We
investigated the background, characteristics, and severity of the symptoms of such patients.

Subject and Methods: A questionnaire survey was conducted on the patients living in the
Kanto region who visited the authors’ hospital in the past 5 years and were suspected of
having allergies to foods of plant origin.

Results: The subjects were 42 patients, 8 males and 34 females, whose mean age was 36
years. The complicating allergic diseases were allergic rhinitis in 35 patients (83%), asthma
in 34 patients (81%), and atopic dermatitis in 14 patients (33%). The suspected causes of the
OAS symptoms were rose family fruits in 31 patients, non-rose family fruits in 34 patients,
vegetables in 14 patients, beans and nuts in 11 patients, and grains in 2 patients. As for the
symptoms, oral and pharynx symptoms alone were observed in 12 patients, systemic
symptoms were observed in 29 patients, and anaphylaxis was observed in 11 patients.
Allergic rhinitis preceded OAS in 80% of the patients, which was a high incidence, but 20%
of the patients did not experience this complication.

Conclusion: Rhinitic symptoms preceded OAS in many of the patients having oral
allergies to foods of plant origin in the Kanto region. Moreover, the findings that there were
patients who did not experience black alder pollinosis and that the symptoms were also
caused at a high rate by non-rose family fruits suggests the presence of broad cross reactivity
among pollens other those that of black alder and food of plant origin.

Chapter 1 - Food allergy (FA) represents one of the most important problems of pediatric
allergology and immunology. FA diagnosing is very challenging and not as easy as it seems
at first sight. It requires close cooperation among immunoallergologist, gastroenterologist,
dermatologist and pediatrician. Diagnostic algorithm consists of detailed personal and family
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history, physical examination, tests for IgE mediated reactions (quantification of food-specific
IgE and skin prick test), elimination diet and the “gold standard” — double-blind, placebo-
controlled oral food challenge. However, all these methods and tests may be sometimes
misleading. Additional test in the diagnosis of FA is atopy patch test (APT), which is aimed
at the diagnosis of late clinical symptoms induced by special foods and can significantly
contribute to the final outcome. The standardized method for APT testing has been published
recently. APT has left experimental grounds and is increasingly used as a standard diagnostic
procedure for characterizing patients with aeroallergen- and food-triggered disorders.
Although APT seems a valuable additional tool in the diagnostic work-up of food allergy,
especially in children with atopic eczema, the immunopathology and some technical aspects
of testing remain controversial. There are still some points waiting to be answered, e.g.,
epidemiology of this tests in an unselected population, prevalence of side effects and safety of
this test, possibility of sensitization through skin during testing, reproducibility in the same
time and over-time, suitability of some new APT testing sets available on the market (e.g.
plastic cups on tape), and especially optimal and good available testing substances.

For better understanding these unsolved aspects of this new diagnostic method, the
authors performed the study in an unselected population of schoolchildren of two different
nations (all together 900 children), where they examined the prevalence of positive APT with
food and inhalant allergens. The authors evaluated the link between positive APT reactions
and skin prick tests, circulating eosinophils, histamine skin reactivity, and questionnaire-
derived frequencies of various atopic and non-atopic symptoms and diseases. The authors
also investigated the right versus left and over-time reproducibility of duplicate APT with
native and commercially available food and with inhalant allergens.

In this chapter, the authors review current knowledge about atopy patch test and to
compare their results with already published studies. Despite some unresolved questions
about APT, this test seems to be useful as an additional method in management of food-
induced symptoms and disorders, but its results should be evaluated in the context with other
methods and clinical status. Further studies are necessary for better understanding all the
clinical characteristics and applications of atopy patch test.

Chapter 2 - Food allergy is defined as an adverse reaction because of an abnormal
immunological response to food protein. The immune pathogenesis is, in the majority of
cases, IgE-mediated although it may also be cell-mediated (non-IgE) or mixed IgE/cell-
mediated. Food allergy affects as many as 2 to 8% of young children and the presentation can
be highly variable. There is usually a clear temporal relationship between food exposure and
the development of allergic symptoms. At times, symptoms may develop hours or days after
food exposure making the diagnosis difficult.

Food allergy usually presents as multi-system involvement, most commonly
gastrointestinal symptoms which occur with a frequency of 50 to 80% of cases. These are
followed by cutaneous symptoms and respiratory symptoms, occurring in 20 to 40%, and 4 to
25% of cases, respectively. Gastrointestinal manifestations include oral allergy syndrome,
gastrointestinal anaphylaxis, allergic eosinophilic esophagitis, allergic eosinophilic
gastroenteropathy, food protein-induced enteropathy, food protein-induced enterocolitis
syndrome, food protein-induced proctocolitis, gluten-sensitive enteropathy, infantile colic,
irritable  bowel syndrome, and constipation. Cutaneous manifestations are
urticaria/angioedema, atopic dermatitis, contact dermatitis, and dermatitis herpetiformis.
Rhinitis/rhinoconjunctivitis, asthma, Heiner syndrome, and serous otitis media are the
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respiratory manifestations of food allergy. Other manifestations include systemic anaphylaxis,
food-dependent exercise-induced anaphylaxis, migraine, epilepsy, diabetes mellitus,
nephrotic syndrome, nocturnal enuresis, anemia, thrombocytopenia, vasculitis, and
arthropathy/arthritis. This chapter discusses the various clinical manifestations of food
allergy.

Chapter 3 - Genuine food allergy affects approximately 5% of children and less than 1%
of adults. The underlying mechanism is complex and involves immediate (type I) or delayed
(type 1V) sensitization to food proteins. The gold standard for the diagnosis of genuine food
allergies is by double-blind placebo-controlled food challenge test. The literature gives
ambiguous data on the association between food allergies and atopic diseases. In asthma,
aeroallergens such as house dust, mites, and pollens are well known allergens. Apart from
type | hypersensitivity reaction precipitating acute anaphylactic and asthmatic attacks by
peanuts, egg or crustacean seafood, the association with food allergens is probably less
prevalent. Allergic rhinitis/allergic rhinoconjunctivitis as the sole manifestation of food
allergy is quite uncommon. Food allergy plays an immunopathogenic role in 30 to 50% of
children with moderate to severe atopic dermatitis.

Chapter 4 - The definitive treatment of food allergy is strict elimination of the offending
food from the diet. Symptomatic reactivity to food allergens is generally very specific, and
patients rarely react to more than one food in a botanical or animal species. If elimination
diets are prescribed, care must be taken to ensure that they are palatable and nutritionally
adequate. Patients must have a good knowledge of food containing the allergen and must be
taught to scrutinize the labels of all packaged food carefully.

Formula-fed infants with cow’s milk allergy should be fed an elemental or extensively
hydrolysed hypoallergenic formula. Soy formulas are inappropriate alternatives as a
significant number of infants who are allergic to cow’s milk are also allergic to soy. Most
children outgrow their food hypersensitivity. As such, rechallenge testing for food allergy
should be performed; the interval between rechallenges should be dictated by the specific
food allergen in question, the age of the child, and the degree of difficulty in avoiding the
food in gquestion

Emergency treatment of food-induced anaphylaxis should follow the basic life support
ABC principles, with the simultaneous intramuscular injection of adrenaline. A fast-acting H;
antihistamine should be considered for the child with progressive or generalized urticaria or
disturbing pruritus. Pharmacological therapies such as mast cell stabilizers have very little
role to play in the treatment of gastrointestinal manifestations of food allergy.

In high-risk infants, exclusive breastfeeding with introduction of solid foods not earlier
than 6 months of age may delay or possibly prevent the onset of food allergy in some
children. Avoidance of allergenic foods by lactating mothers is often recommended. When
breastfeeding is not possible, the use of a partially or extensively hydrolysed hypoallergenic
formula is desirable. Prophylactic medications have not been shown to be consistently
effective in the prevention of life-threatening reactions to food. Their use may mask a less
severe reaction to a culprit food, knowledge of which might prevent a more severe reaction to
that food in the future.

Chapter 5 - Infantile colic is characterized by paroxysms of uncontrollable crying or
fussing in an otherwise healthy and well-fed infant less than 3 months of age. The duration of
crying is more than 3 hours per day and more than 3 days per week for at least 3 weeks.
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The condition can be very stressful to the family. The etiology is multifactorial. There is
increasing evidence that cow’s milk proteins may play an important role in the pathogenesis
of infantile colic in a significant number of cases. Also, maternal ingestion of eggs,
chocolate, citrus fruits, nuts, as well as certain seafood whilst breastfeeding may result in
infantile colic. Intestinal permeability to macromolecules, a mechanism of acquired food
allergy appears to be increased in some infants with colic. Supportive counseling,
reassurance, and dietary modifications (if indicated) are the core measures used for the
management of this condition. Use of hypoallergenic diets by breasting mothers should be
considered at least for those infants with severe colic or with atopic features such as atopic
dermatitis, asthma, and allergic rhinitis. For formula-fed infants with mild to moderate colic,
the present consensus is that changing to another formula is usually not necessary. Formula-
fed infants with severe colic, especially those with atopic features or a strong family history
of atopy, may have a beneficial effect from hypoallergenic formulas such as whey
hydrolysates or casein hydrolysates. Periodic challenges at monthly intervals are necessary to
ensure that the improvement is related to dietary modification and not a result of natural
resolution. In most infants, infantile colic resolves by 3 to 4 months of age.

Chapter 6 - Eosinophilic gastrointestinal disorders consist of diseases involving
eosinophilic infiltration of the gastrointestinal tract. These include eosinophilic esophagitis
(EE), eosinophilic gastroenteritis, and eosinophilic colitis. Much of the recent literature has
described eosinophilic esophagitis with a relative lack of information regarding eosinophilic
gastroenteritis and eosinophilic colitis specifically. Many studies of EE reviewed in this
chapter included patients with extra-esophageal eosinophilic involvement. Much of what is
known regarding EE is applicable to eosinophilic gastroenteritis, and perhaps, to a lesser
extent, eosinophilic colitis. This chapter focuses mostly on eosinophilic esophagitis; however,
the concepts are applicable to all the eosinophilic gastrointestinal disorders. Though first
described decades ago, these entities are still, to some degree, poorly defined. As such, the
diagnosis is described as clinicopathologic in that it relies on clinical signs and symptoms
with supporting laboratory and histologic findings. As background, this chapter includes a
brief description of the gastrointestinal tract barrier and oral tolerance. The gastrointestinal
tract serves as a physical and immunological barrier. The normal response of oral tolerance
reflects a lack of immunologic responsiveness as a result of prior exposure. Food
hypersensitivity responses occur after a failure of oral tolerance development. This is
important for all types of food hypersensitivity responses including the eosinophilic
gastrointestinal disorders. Unlike immediate hypersensitivity (type | IgE-mediated) food
allergic responses, eosinophilic esophagitis, eosinophilic gastroenteritis, and eosinophilic
colitis may involve both IgE- and non-lgE-mediated responses. This is also in contrast to
food protein-induced enterocolitis/colitis or celiac disease in which a cell-mediated
mechanism is likely responsible without evidence of IgE involvement. In addition to the
background information, this chapter describes the pathogenesis, clinical manifestations, as
well as therapeutic approach to the eosinophilic gastrointestinal disorders.

Chapter 7 - The chapter reviews current research regarding the prevalence of severe food
allergies in school age children and the most effective preventative and treatment practices to
be implemented in schools. Common concerns revealed in the literature center around the
risks involved when school personnel lack knowledge and awareness of anaphylaxis and the
necessary emergency protocols to put in place in the event of a reaction. The authors examine
the critical role of epinephrine in the early treatment of anaphylaxis and the urgent need for
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school nurses, physicians, parents, and educators to put effective protocols in place. To better
ensure that epinephrine be administered promptly and that care is carefully coordinated with
emergency personnel, school nurses need to be the coordinator of care. Analysis of recent
studies regarding the school nurse’s role in the development of emergency medical plans for
children with special health care needs (CSHCN) reveals the need to have one full-time
school nurse per school to better assure access to prompt, quality care. It is vital for school
nurses to actively participate in the development of Individualized Education Plans (IEPs) or
Individual Health Plans (IHPs) for students identified to have specific health related
disabilities and be designated as the primary individual in charge of implementation of these
plans. Across the United States there are dramatic differences in state and local policies
impacting school nurse and student ratios which, in turn, can have a significant impact upon
management and care provided to students with special medical needs. Recommendations for
standards of care for students with severe food allergies will be discussed.
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CLINICAL FEATURES OF PATIENTS HAVING ORAL
ALLERGY SYNDROME ASSOCIATED WITH PLANT
FOOD ALLERGENS IN THE KANTO REGION

Emiko Ono", Yuji Maeda, Hidenori Tanimoto, Yuma Fukutomi,
Chiyako Oshikata, Kiyoshi Sekiya, Takahiro Tsuburai,
Naomi Tsurikisawa, Mamoru Otomo, Masami Taniguchi,
Toyota Ishii, Akihiko Asahina and Kazuo Akiyama

Clinical Research Center for Allergy and Rheumatology, Sagamihara National Hospital

ABSTRACT

Background and Objective: Recently, the number of patients having oral allergy
syndrome (OAS) associated with fruits has been increasing. We investigated the
background, characteristics, and severity of the symptoms of such patients.

Subject and Methods: A questionnaire survey was conducted on the patients living
in the Kanto region who visited our hospital in the past 5 years and were suspected of
having allergies to foods of plant origin.

Results: The subjects were 42 patients, 8 males and 34 females, whose mean age
was 36 years. The complicating allergic diseases were allergic rhinitis in 35 patients
(83%), asthma in 34 patients (81%), and atopic dermatitis in 14 patients (33%). The
suspected causes of the OAS symptoms were rose family fruits in 31 patients, non-rose
family fruits in 34 patients, vegetables in 14 patients, beans and nuts in 11 patients, and
grains in 2 patients. As for the symptoms, oral and pharynx symptoms alone were
observed in 12 patients, systemic symptoms were observed in 29 patients, and
anaphylaxis was observed in 11 patients. Allergic rhinitis preceded OAS in 80% of the
patients, which was a high incidence, but 20% of the patients did not experience this
complication.

Al correspondence and reprint requests should be addressed to: Emiko Ono; Clinical Research Center for Allergy
and Rheumatology, Sagamihara National Hospital, Sakuradai 18-1, Sagamihara, Kanagawa 228-8522, Japan
Tel: +81-42-742-8311, Fax: +81-42-742-5314, E-mail: e-ono@sagamihara-hosp.gr.jp
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Conclusion: Rhinitic symptoms preceded OAS in many of the patients having oral
allergies to foods of plant origin in the Kanto region. Moreover, the findings that there
were patients who did not experience black alder pollinosis and that the symptoms were
also caused at a high rate by non-rose family fruits suggests the presence of broad cross
reactivity among pollens other those that of black alder and food of plant origin.

INTRODUCTION

Recently, an increase in the number of cases of allergy to fruits and vegetables in adults
has been reportedl). Because some types of fruit and vegetable allergies develop in
association with pollinosis, these allergies are called pollen-food allergy syndrome (PFAS) or
oral allergy syndrome (OAS). OAS caused by rose family fruits in association with birch
pollinosis is well known in Europe, and the OAS caused by fruits has also been reported,
mainly in Hokkaido in Japan where birch grows naturally. However, there have been only a
few reports on the actual condition of OAS patients in the Kanto region where, different from
Hokkaido, birch does not grow naturally. The purpose of this study was to investigate the
frequencies of OAS in the Kanto region and to compare them with previous reports.

SUBJECTS AND METHOD

Subjects

The subjects were 42 patients who visited our hospital (Department of Allergy,
Otolaryngology and Dermatology) from 2000 to 2005 and were considered to show allergy
syndromes caused by food of plant origin on the basis of their history of the disease. The
designation OAS was used regardless of the severity of the disease in this study.

Methods

A survey was conducted on the patients who mentioned during an interview on their first
visit that they experienced allergy symptoms because of fruits. On the basis of that survey,
their allergy symptoms and possible causative foods were evaluated. A prick test was
performed in some cases. The causative food was surmised on the basis of their history of the
disease regardless of the results of the radioallergosorbent test (RAST) for specific IgE
antibodies and the prick test. The main questions were as follows:

1. Type of causative food (rose family fruits, non-rose family fruits, vegetables, grains,
and nuts)

Expression frequency of each symptom

Age at onset

Amount of intake and time to appearance of symptoms

Presence of symptoms caused by processed food and heated food

o o pow N

Related factors (including physical condition, drugs being taken, and exercise)
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7. Presence of complicating allergic disease
8. Relationship between black alder pollinosis and rose family fruits

9. Temporal relationship between onset of rhinitis and that of OAS

RESULTS

Background of Patients (Table 1)

Table 1 shows the background of the patients. The mean age of the 42 patients was 36
years. Sixty percent or more of the patients were female, showing the tendency that young
women are more prone to the disease. As for complications of other allergic diseases, 34
patients (81%) among the 42 patients had bronchial asthma, 35 (83%) had allergic rhinitis,
and 14 (33%) had atopic dermatitis. While the main subjects in the conventional OAS reports
were pollinosis patients, the subjects in this study were OAS patients. Therefore, the rate of
complication of allergic diseases in this study also differed from that in the conventional OAS
reports.

1) Type of Causative Food (Figure 1 and Figure 2)

The most common causative food was fruits, then vegetables, beans, and grains, in that
order. The number of patients who had OAS caused by rose family and non-rose family fruits
was almost identical. Peach, apple, pear, and strawberry, in that order, were common
causative fruits of the rose family. Melon, kiwi, orange, and pineapple, in that order, were
common causative fruits of the non-rose family (Figs. 1 and 2).

2) Expression Frequency of Each Symptom (Figure 3)

Oral symptoms, which seem to be caused by direct contact with the allergen, were the
most common symptoms observed in 92.9% of the patients. Skin symptoms were observed in
57.1% of the patients, gastrointestinal symptoms in 45.2%, conjunctivitic and rhinitic
symptoms due to pollinosis in approximately 25%, and respiratory symptoms in 14%.
Approximately 30%, a high rate, of the patients experienced anaphylaxis. As for the details of
the oral symptoms, itching, swelling, and discomfort of the pharynx were observed in almost
all the patients, and hoarse voice suggesting edema of the pharynx or vocal cord was observed
in approximately 10% of the patients. Hives, angioedema, and cutaneous pruritus were
common skin symptoms, and abdominal pain and nausea were common gastrointestinal
symptoms.

3) Amount of Intake and Time to Appearance of Symptoms

The amount of intake was one bite or less in approximately 70% of the patients.
Symptoms appeared in the mouth, lips, and pharyngeal mucosa, which had direct contact with
the causative food, immediately after the intake in most of the patients. As for the time to the
appearance of symptoms, the most common answer was “immediately after intake,” and the
symptoms appeared within 10 minutes or less in 80% of the patients.
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4) Presence of Symptoms Caused by Processed Food and Heated Food

Allergic symptoms were caused by processed food including heated food in
approximately 30% of the patients. The symptoms were caused by heated food in 7 patients
(17%).

5) Related Factors (Including Physical Condition, Drugs Being Taken, and Exercise)

The symptoms appeared in approximately 70% of the patients in normal physical
conditions. The symptoms seemed to be associated with poor physical condition, such as
fatigue or having the common cold, in approximately 20% of the patients.

6) Presence of Complicating Allergic Disease
The rate of complications of asthma and allergic rhinitis was high (Table 1).

7) Relationship between Black Alder Pollinosis and Rose Family Fruits

Nineteen patients were presumed to have black alder pollinosis, and 12 patients had
pollinosis other than that of black alder. Black alder pollinosis was diagnosed on the basis of
the time of appearance of symptoms and the results of the intradermal test or RAST. Eighty-
four percent of the black alder pollinosis patients had allergies to rose family fruits, which
was high. However, 58% of the patients having pollinosis other than that of black alder had
allergies to rose family fruits, which was also high. There was no significant difference
between the two groups of patients. This issue requires further study on a larger number of
subjects.

8) Temporal Relationship between Onset of Rhinitis and of OAS

As for the temporal relationship between the onset of rhinitis and that of OAS, rhinitic
symptoms preceded the onset of OAS at a very high rate. The number of cases in which OAS
preceded rhinitic symptoms was only 3 out of 42. Rhinitic symptoms occurred within 3 years
after the onset of OAS in these 3 patients; the onset of OAS and that of rhinitic symptoms
were close. This result indicates a close relationship between the onset of OAS and that of
rhinitis.

DiscussSION

The disease name, oral allergy syndrome (OAS), was first proposed by Amlot et al. [2] in
the UK in 1987. Ortolani et al. [3] demonstrated the relationship between OAS and pollinosis,
particularly birch pollinosis, the following year. Since then, OAS has been considered as an
immediate-type allergic reaction caused by antigenic molecules that are common to pollen
allergens and plant food allergens. Type Il food allergy, to which OAS belongs, is
characterized by differences between the route of allergenic sensitization and occurrence, and
between the sensitizing antigen and the eliciting antigen [4]. It has been reported that many
fruits and vegetables that cause OAS show cross reactivity with pollen. The pollen of the
birch family has been known to have cross reactivity with black alder pollen [5]. Birch grows
in Hokkaido and in the highlands of Honshu in Japan. On Honshu, birch grows only in a
particular area such as Nagano. Therefore, some kind of pollen other than that of birch is
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considered to be the causative pollen on Honshu. It has been reported that the black alder
pollen in the Kanto regions and the pollen of oba-yashabushi (Alnus sieboldiana), in addition
to the black alder pollen, in part of the Kansai region are the major pollens associated with
OAS [6,7]. The main allergen of the pollen of oba-yashabushi and that of the black alder have
been reported to have a highly common antigenicity with Bet v 1 of birch pollen [6].

Eighty percent of the OAS patients investigated in this study showed rhinitis
complications, and the onset of allergic rhinitis preceded that of OAS in 90% of those
patients. Because black alder pollen is dispersed in May and June when the cedar pollen
season ends in the Kanto regions, we cannot deny the possibility that some OAS patients
investigated in this study were suffered from pollinosis caused by pollen other than that of
black alder, such as the pollen of orchard grass. On the basis of the positive reaction in the
prick test or RAST and rhinitis symptoms observed in May and June, 19 patients among the
subjects in this study were diagnosed as having black alder pollinosis. These patients had a
high rate of allergies to rose family fruits (16 out of 19 patients (84%)), and patients who did
not have black alder pollinosis also had allergies to rose family fruits at a high rate (8 out of
12 patients (67%)). It was presumed from these results that OAS caused by rose family fruits
is also associated with pollen other than that of black alder, namely, pollen other than that of
the birch tree family. It has been reported that the OAS caused by melon, watermelon, and
peach is often observed in patients with double sensitization to birch pollen and gramineous
plants, and that the OAS caused by melon is often observed in patients with double
sensitization to birch pollen and mugwort [8,9]. The relationship between OAS and the
causative antigen and the positive rate of specific IgE to the inhaled antigen in the pollinosis
patients, and pollinosis other than birch pollinosis, should be further examined and compared
with the results of this study.

OAS is well known, and there have been reports of it from Hokkaido [8-12], Yamanashi
[13,14], and the Kansai regions [6,7]. However, the details of the clinical features of OAS
patients in Japan are unclear. We compared the results of our study on the clinical features of
OAS patients in the Kanto region with those previously reported. It was reported that rose
family fruits, particularly apple, peach, and cherry, are the common fruits causing OAS
symptoms in birch pollinosis patients [8]. Matsuzaki et al. reported that rose family fruits are
also the common causative fruits in Yamanashi [14]. Because the subjects of that report were
patients having cedar and cypress pollinoses, it was unclear as to what extent the black alder
pollinosis patients had OAS complications. In terms of plant systematics, the pollens of cedar
and cypress do not show common antigenicity with that of birch family trees according to
previous reports. The results that peach, of the rose family, and melon, kiwi, and pineapple, of
the non-rose family, are the common causative fruits were similar to the results of our study.
Naturally, the OAS frequency tended to be high if the causative fruits were consumed in large
amounts in the study area. The time from intake to the appearance of symptoms was within
15 minutes in 85% of the patients, which was almost the same as that in our report [11,14].
As for the gender of the patients, although some researchers have reported that there is no
gender difference in the frequency of OAS, recently, there have been many reports indicating
that the frequency of OAS is high in women [8,12,14,15]. The frequency of OAS was
markedly high in women in this report. Considering that OAS caused by fruits occurs
together with pollinosis and that pollinosis is more common in women, the result indicating
the high frequency of OAS in women seems to be reasonable. As for the symptoms, the
number of mild cases with oral symptoms alone in our investigation was smaller than that in
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previous reports. In most of the previous reports on OAS, the subjects were pollinosis
patients, and the frequencies of complication of pollinosis with OAS were investigated. The
percentage of severe OAS patients in our study and that in the previous reports seemed to
differ because of the difference in the type of subjects. In this study, we did not limit the
subjects to pollinosis patients but also investigated patients who showed some allergic
symptoms to food of plant origin. Therefore, the results obtained in this study do not show the
clinical features of OAS patients having a certain type of pollinosis. Kato investigated the rate
of complication of OAS in each underlying disease and reported that the rate of the
complication of OAS was approximately 30% in the patients who had both atopic dermatitis
and asthma [15]. We should seriously consider the possibility that the difference in the
subjects in each study affected some of the results. The difference in the subjects affects the
complication rate of allergic diseases other than pollinosis as well as the frequency and
severity of OAS. The reason for the high rate of severe cases in the subjects of this study is
unclear. We will classify the subjects according to the severity of their symptoms and
reexamine the clinical background and characteristics of the patients with severe symptoms in
our second report.

CONCLUSION

In the Kanto region, 80% of the OAS patients showed rhinitis complication, and the
rhinitis symptoms preceded the onset of OAS in 90% of such patients. The result indicates
that the OAS of the patients in the Kanto region is strongly related to pollen sensitization and
thus belongs to Type Il food allergy similar to the OAS of the patients with birch pollinosis in
Hokkaido. The results that there were OAS patients without the black alder pollinosis
complication in the Kanto region, that the patients showed allergic reaction to the non-rose
family fruits with almost the same frequency as to the rose family fruits, and that the rhinitis
patients other than the black alder pollinosis patients also had OAS symptoms attributable to
rose family fruits with a high rate suggested a broad cross reactivity with pollens of trees and
weeds. The issue of the cross reactivity, including the relationship of OAS with pollinosis
other than that from the birch family of trees, should be further examined.
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“Anyone can do a patch test.
Few do it well.
Fewer can properly interpret patch tests.”

—Albert Kligman

ABSTRACT

Food allergy (FA) represents one of the most important problems of pediatric
allergology and immunology. FA diagnosing is very challenging and not as easy as it
seems at first sight. It requires close cooperation among immunoallergologist,
gastroenterologist, dermatologist and pediatrician. Diagnostic algorithm consists of
detailed personal and family history, physical examination, tests for IgE mediated
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reactions (quantification of food-specific IgE and skin prick test), elimination diet and the
“gold standard” — double-blind, placebo-controlled oral food challenge. However, all
these methods and tests may be sometimes misleading. Additional test in the diagnosis of
FA is atopy patch test (APT), which is aimed at the diagnosis of late clinical symptoms
induced by special foods and can significantly contribute to the final outcome. The
standardized method for APT testing has been published recently. APT has left
experimental grounds and is increasingly used as a standard diagnostic procedure for
characterizing patients with aeroallergen- and food-triggered disorders. Although APT
seems a valuable additional tool in the diagnostic work-up of food allergy, especially in
children with atopic eczema, the immunopathology and some technical aspects of testing
remain controversial. There are still some points waiting to be answered, e.g.,
epidemiology of this tests in an unselected population, prevalence of side effects and
safety of this test, possibility of sensitization through skin during testing, reproducibility
in the same time and over-time, suitability of some new APT testing sets available on the
market (e.g., plastic cups on tape), and especially optimal and good available testing
substances.

For better understanding these unsolved aspects of this new diagnostic method, we
performed the study in an unselected population of schoolchildren of two different
nations (all together 900 children), where we examined the prevalence of positive APT
with food and inhalant allergens. We evaluated the link between positive APT reactions
and skin prick tests, circulating eosinophils, histamine skin reactivity, and questionnaire-
derived frequencies of various atopic and non-atopic symptoms and diseases. We also
investigated the right versus left and over-time reproducibility of duplicate APT with
native and commercially available food and with inhalant allergens.

In this chapter, we would like to review current knowledge about atopy patch test
and to compare our results with already published studies. Despite some unresolved
questions about APT, this test seems to be useful as an additional method in management
of food-induced symptoms and disorders, but its results should be evaluated in the
context with other methods and clinical status. Further studies are necessary for better
understanding all the clinical characteristics and applications of atopy patch test.

1. INTRODUCTION

Food hypersensitivity (FH) affects nearly everyone at same point, either as an
unpleasant reaction to something eaten or as a concern for a family member suspected of
having food allergy (FA). Increasing public and medical interest have also popularized claims
that a variety of physical and psychological symptoms are the result of food hypersensitivity.
The ratio of perceived FH in the general population is about 25%. However, the prevalence of
true food allergy is approximately 8% in children under 1 year, 2-3% in children between 1-3
years and about 1-2% in adults [3, 188]. Therefore, it is very important to determine if the
food really causes these symptoms or if there are other underlying factors. According to the
revised classification of allergic diseases, food hypersensitivity can be divided into two
groups: immunologically-mediated reactions (food allergy) and non-immunologically-
mediated reaction (food intolerance). According to the involved immune mechanism, food
allergy can be divided into IgE-mediated (reaction type-I), non-lgE-mediated (cellular FA,
reaction type Il or 1V) and combined (mixed IgE- and non-lIgE-mediated) reactions [96].
Non-IgE mediated food allergy is supposed to be a cell-mediated immunologic reaction,
which involves immune complex formation and complement deposition [198]. Non-IgE-



Current Position of Atopy Patch Test in the Diagnosis of Food Allergy... 11

mediated food sensitivities are becoming increasingly recognized. This group is represented
by a spectrum of clinical diseases attributed to adverse immune responses to food for which
IgE antibodies to the causal food can not be demonstrated, at least not by routine tests. The
onset of these reactions is slower than immediate IgE-mediated reactions, ranging from a few
hours to more than a week after the ingestion of the causative agent [152]. In some cases,
even more prolonged and repeated exposure is required for the development of clinically
apparent abnormalities. Most of the diagnosis is made on the basis of clinical presentation and
response to dietary exclusion (dechallenge) [3]. IgE-mediated sensitization can be shown in
the large majority of cases with proven FA. However, in 10% of children with atopic
dermatitis (AD) and positive oral food challenge (OFC), both the skin prick test (SPT) and
food-specific IgE (sIgE) measurement are negative [146]. Identification of the causal foods
for non-lIgE-mediated disorders is complicated. The symptoms are often subacute or chronic
in nature and no simple tests are available to secure the diagnosis.

Early identification of children who would profit from strict avoidance of specific dietary
allergens is important especially for:

e to avoid unnecessary elimination diets involving risk of growth retardation in early
periods of life,

e to ameliorate the clinical course of AD,

e as secondary prevention of the development of multiple food allergies or respiratory
allergic diseases [92].

Food allergy represents one of the most important problems of pediatric allergology and
immunology. Diagnosing of FA is very challenging and not as easy as it seems at first sight.
In the correct diagnosis of FA close cooperation among immunologists, allergologist,
gastroenterologist, dermatologist and pediatrician is necessary. As in other diseases, the
allergy diagnosis is established in several steps, with detailed analysis of personal and
family history and careful physical examination at the beginning. Diet diaries are used as
adjunct to history over a specified time period and may help to reveal unknown sources of
food allergens. Skin prick test with native foods (so-called prick-by-prick technique) may be
more reliable than SPT with commercially extracts in screening patients with suspected IgE-
mediated FA. While negative SPT, according to some authors, nearly exclude IgE-mediated
allergy, positive tests do not prove relevant allergy. Intradermal skin tests have no higher
predictive value, but bear a higher risk of systemic reactions. In few studies, food-specific
IgE to food allergens showed good correlation with provocation test results [238]. However,
it is the only method in patients with dermographism, severe eczema or antihistamine
medication and has its role in the general concept of allergy diagnosis [186]. Specific
elimination diets should be initiated before oral exposition test, which remains “the gold
standard” in the diagnosis of FA. Preferably, the provocation is performed as double-blind
placebo controlled food challenge (DBPCFC), e.g. with masked (lyophilized) foods in
colored and flavored neutral formulas after at least 2 weeks of corresponding elimination diet
[40]. Nevertheless, this method is time consuming, costly, brings the risk of severe systemic
anaphylactic reactions and must be performed over several days under control of physicians
[158]. The cornerstone of FA diagnosis is relief of symptoms on elimination of the suspected
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food stuff and the return of symptoms on reintroduction [184]. A lot of studies tried to
develop some alternative test to make DBPCFC, at least in some cases, superfluous.

Many laboratory tests have been introduced, but their diagnostic value is limited by
several weaknesses; no single test is able to identify all the patients with FA. This is probably
because several immunological mechanisms are involved in FA. The age of the tested subject
may influence the test results, and allergens triggering the symptoms may vary between
individuals [180]. Only the IgE-mediated reaction, usually associated with an immediate-type
reaction, is well characterized, the immunological mechanisms associated with a delayed-type
reaction are still poorly understood. Though many children with atopic dermatitis are positive
with food allergens in the skin prick testing, an index of immediate-type reaction, the
delayed-type reaction tests, effective for determining whether food allergens could by
involved in the atopic dermatitis or not, are not routinely performed [135].

Various kinds of skin testing are a common diagnostic procedure in a management of
food allergy, but the final diagnosis of FA is based on the clinical response to the food
exposition in food challenge [54]. Among these tests, the most frequently used skin tests are:

e SKin prick test: this test investigates type | sensitization, the IgE-mediated reactions,

e Skin scratch test: the clinical use of this test was abandoned because of poor
reproducibility,

e Intradermal test: this test has not been proven as reliable and brings high risk of
systemic reactions,

e Skin application food test: this test investigates IgE-mediated acute contact urticaria
released by an epidermal application of allergens, but seems to be not reproducible
enough, and finally,

e Atopy patch test: newly introduced test aimed to detect type IV reaction (T-cells-
mediated reactions).

The diagnostic reliability of skin tests for FA depends on several factors including patient
selection, symptoms considered, standardization of the allergen extract, and kind of food
involved [160, 185]. Skin testing is a common diagnostic procedure in FA, but the final
diagnosis is based on the clinical response to food. The only accepted methods for verifying
the diagnosis of FA are still the double-blind, placebo controlled, food challenge and open
controlled food challenges in young children [21]. Today, different diagnostic in vivo and in
vitro tests are available, but their diagnostic accuracy are not sufficient making them
diagnostic tools, usually because of poor quality of the extracts used or depending on the
technical aspects of the test. The use of fresh foods for testing has been shown to improve
sensitivity and specificity of studied tests compared with the results of DBPCFC [148]. A
positive outcome of the tests (after exclusion of false positive results) indicates sensitization,
but does not mean that exposition to these allergens can cause clinical allergic symptoms. The
final diagnosis should be definitely established according to the results of controlled
elimination diet and oral food challenges [21]. Early recognition of dietary allergies in infants
is essential for avoidance of unnecessary diets, amelioration of skin disease, and secondary
prevention of the development of multiple food allergies or respiratory allergic diseases [92].
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2. FOOD ALLERGY AND ATOPIC DERMATITIS

Atopic dermatitis (AD) is a clinically defined, highly pruritic skin disease frequently
associated with IgE responses against various allergens. AD is multifactorial, chronically
relapsing inflammatory skin disorder which is characterized by erythematous and pruritic
lesions, excoriations, papules and lichenification [78]. Aeroallergens and food allergens are
the most important among the allergens found to be relevant in atopic eczema [58]. Food
allergens play an important role in the exacerbation, occurrence and maintenance of skin
symptoms in children with AD [164]. Besides the chronic skin manifestation of AD, which is
usually due to food ingestion, various kinds of food are capable of causing one or more types
of contact dermatitis. Contact allergies to foods, spices, and food additives can occur to
individuals in the workplace or at home. Six different reactions have been described: irritant
contact dermatitis, allergic contact dermatitis, contact urticaria, phototoxic contact dermatitis,
photo-allergic contact dermatitis, and systemic contact dermatitis [13]. The skin exposition
tests are also important in the diagnosis of these disorders (skin prick tests, patch tests, atopy
patch tests and skin application food tests).

There is increasing consensus about the significance of food allergens in the pathogenesis
and in the induction of atopic dermatitis in infancy and childhood, with cow’s milk (CM) and
hen’s egg (HE) accounting for the most reactions. Hen’s egg, cow’s milk, soy and wheat
account for about 90% of allergenic foods in children with AD [139]. Clinical relevant food
hypersensitivity has been demonstrated in 30-70% patients with mild to severe AD according
to the results of DBPCFC [28, 108, 187-188].

Basically, there three kinds of cutaneous reactions in AD patients which can be observed
in connection with food [244]:

e Immediate-type reactions such as urticaria, angioedema and erythema occurring a
few minutes after ingestion of food without an exacerbation of AD. Additionally to
these reactions also gastrointestinal, respiratory or cardiovascular symptoms can be
seen.

e Pruritus occurring soon after the ingestion of food with subsequent scratching
leading to an exacerbation of AD.

e Exacerbations of AD occurring after 6-48 hours (delayed-type reactions). These
reactions can occur also after an immediate-type response.

Identification of offending allergens, food or inhalant, is very important in the
management of AD. Accurate and objective demonstration of a causal relationship between
the dietary allergens and exacerbation of AD allows for the compliance of the family to the
treatment, is the condition of growth in early life and is essential for avoidance of unnecessary
elimination diets. Confirmation of the diagnosis and adequate management plays the role also
in the secondary prevention of multiple food allergies development and bronchial asthma
[32]. Children in whom AD does not improve despite routine treatment with emollients and
topical corticosteroids or immunomodulators should be tested for allergy to foods, particular
CM [92, 187].

The diagnosis of food allergy in AD children is especially clinical and relies on the
disappearance of the symptoms during an elimination diet (dechallenge) and their subsequent
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reappearance after reintroduction of the food into the diet. IgE-mediated reactions are
responsible for immediate reactions and cell-mediated reactions have been proposed to be
responsible for delayed reactions. The mechanisms of delayed-type clinical reaction are not
yet clearly understood and there is no suitable diagnostic tool for revealing the causal food
allergen responsible for provoking of these reactions. While immediate-type clinical reactions
during oral food challenge with food allergens can easily be identified, the evaluation of a
possible FA in the absence of immediate clinical reactions still presents diagnostic difficulties
[28, 108, 187-188]. Positive SPT and/or elevated food-specific IgE in serum traditionally
demonstrate an IgE-mechanism. Most food allergies involve an IgE-mediated hypersensitivity
reaction, and patients with AD very often show immediate reactions in skin tests with food
allergens. Positive SPT with food allergens, however, do not necessarily imply a role for
these allergens in the pathogenesis of AD, since oral food challenges demonstrated that in a
subset of patients with AD, acute-onset clinical reactions can be observed, whereas the others
had delayed-onset eczematous reactions [92]. No relationship has been shown between the
reactivity in SPT and delayed-onset clinical reactions [246]. In the case of delayed
hypersensitivity, the causal relationship between the ingestion of particular food and the
appearance of symptoms is more difficult to detect, since the symptoms may appear from
several hours to several days after the exposition to the causal antigen [93]. Atopy patch test
is newly introduced possibility for detecting the delayed reactions characterized by T-cells
activation responsible for those late-onset reactions in AD or other disorders connected with
FA. Studies of the APT with particular allergens (CM, HE, Soy, wheat) in children have
shown improved utility for determining responses to oral food challenges [92, 103, 123, 124,
140, 172, 180]. APT may become an important diagnostic tool, especially in patients with
non-atopic AD, where the standard SPT and blood analyses do not identify those allergens
which are clinically relevant for the course of this disease [74]. Atopy patch test is defined as
an epicutaneous patch test with allergens known to elicit IgE-mediated sensitization and the
evaluation of these eczematous skin reactions. IgE-associated activation of allergen specific
T-cells by the food allergens, applied on the skin surface, probably via the activation of
Langerhans cells, can lead to the elicitation of eczematous skin reaction in APT.

3. ATOPY PATCH TEST — INTRODUCTION

A simple, unexpensive and reliable test for food allergy has been sought by food
allergists for decades. Recently, the atopy patch test has been introduced into clinical use.
APT (atopy patch test, atopic patch test, skin patch test, epicutaneous patch test, allergen
patch test, allergic patch test, cutaneous contact test) has left experimental grounds and is
increasingly used as astandard diagnostic procedure for characterizing patients with
aeroallergen- and food-triggered disorders. Because the clinical morphology of AD
corresponds to eczema and not to urticaria with wheal- and flare-type reaction, it was
necessary to search a test procedure preferentially addressing the cellular, eczema-type
component of the atopic skin reaction. The test procedure of APT is very similar to the classic
patch test; it differs in the nature of allergens used. These are not, as in classic patch test,
haptens, but intact protein allergens that are frequently used for SPT to demonstrate and IgE-
mediated type | sensitization. Hence, the APT is not only a delayed-type hypersensitivity
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reaction as initiated in tuberculosis skin test [105]. In the APT we supposed the predominance
of cellular-mediated reaction with evident participation of other immunological mechanisms
(IgE, 19G, circulating immunocomplexes, complement, etc.). The APT has been used as a
model for early AD lesions and is performed like a normal patch test with haptens, only with
protein allergens. The atopy patch test could be defined as an epicutaneous patch test known
to elicit IgE-mediated reactions, in which the test sites are evaluated for an eczematous
reaction after 48 to 72 hours [170]. Primarily, the APTs were studied for aeroallergens, but
several years ago, the APT with food allergens were introduced into clinical practice.
In the history of APT, there are several important milestones:

e 1937 - Rostenberg and Sulzberger [177] published first experimental study
describing patch testing with aeroallergens in provocation of eczematous skin
lesions. This was the earliest publication on patch testing in eczema.

e 1976 — A Japanese group [221] reported positive patch test to human dander.

e 1982 — Mitchell et al. [133] described eczematous reactions after patch testing with
well-defined aeroallergens. They demonstrated that epicutaneous application of
several allergens on the uninvolved, abraded skin of the patients with severe AD
could induce eczematous lesions only in patients who also showed a positive
immediate skin reaction to the same allergen. This was the earliest clinical controlled
trial.

e 1989 - Ring et al. [170] named this epicutaneous patch test with allergens known to
induce IgE-mediated sensitization as “atopy patch test”..

e 1989 — Breneman et al. [16] as first used food patch test in the group of 400 patients
with diagnosed food allergy. They studied immunopathological changes in the skin
after epicutaneous application of many food allergens.

o 1996 — Kekki et al. [103] and Isolauri et al. [92] showed that APT has a role in food
allergy diagnostic work-up, especially in children suffering from AD.

Thereafter, many groups have studied APT with aeroallergens and food allergens. The
outcomes of these studies show large variations, due to differences in patient selection, and
more importantly, differences in methodology [49, 111]. More than 100 articles have been
published on the APT technique and performance with many suggested improvements in
vehicles and allergen concentrations [34, 105, 143, 145, 206] which led to the Position paper
of European Academy of Allergy and Clinical Immunology in 2006 on Atopy patch testing
[220]. The major disadvantage of patch testing is that it is less reproducible than other in vivo
tests because of missing standardization of applied allergen and because of difficulties in
differentiating irritative reactions from true allergic responses [79]. The variables in the
outcomes of published studies are due to many important aspects and modifications in the
APT technique (fig. 1) [2].

4. SKIN APPLICATION FoOoD TEST

Skin application food test (SAFT) could be considered as a forerunner of today widely-
used atopy patch tests with food allergens. Acute skin manifestation of IgE-mediated FA is
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called contact urticaria (contact urticaria syndrome) which can be combined with AD. For
diagnosis of these reactions, a provocation test system, so-called skin application food test has
been developed [147, 215]. In SAFT, food extracts were applied with Finn Chambers on
volar surface of the forearm only for a few minutes and the results were read after 15-30
minutes. SAFT was based on the mechanism of contact urticaria being a patch test applied for
only several minutes. It was supposed to be useful in detecting early phase type | immediate
hypersensitivity reactions [157]. It was especially used in children younger than 3 years. The
fresh food extract was applied on the volar surface of the forearm using 12 mm aluminium
Finn Chambers (the same set as for atopy patch test) and the test was read after 15-30 min.
The results were scored as follows: 1 = no reaction, 2 = erythema, 3 = erythema and oedema
within the area of testing chamber, 4 = erythema and oedema overlying the borders of the
chamber. A score more than 3 was regarded as positive [51].

Sources of Variability in Atopy Patch Testing
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Figure 1. Sources of variability in atopy patch testing.

Oranje et al. [157] presented the results of their study conducted on 175 patients with
AD. They studied the clinical use and reproducibility of SAFT with CM, HE and peanut.
They also evaluated the results of SAFT comparing three kinds of application system:
original SAFT patches, square chambers [222], silver patches and big Finn Chambers. The
concordance among the studies application system was high and the agreement rate was from
92% to 100%. Studying the over-time reproducibility of SAFT with CM (second testing after
1 year) it was observed very high inter-test agreement of 93% (Cohen’s x = 0.87). The inter-
test agreement of SAFT with HE was 94% (Cohen’s « = 0.80) and using peanut as allergen,
this agreement was 88% (Cohen’s k = 0.76). Authors concluded that SAFT is a suitable test
in small children with AD, because it is sensitive and child-friendly, and urticarial flare-ups
are common in children suffering from AD [157]. De Ward-van der Spek et al. [51] found
good correlation between the results of SAFT, SPT and OFC. According to the achieved
results of sensitivity (SE = 83%), specificity (SP = 100%), positive predictive value (PPV =
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100%) and negative predictive value (NPV = 91%) the test seemed to be reliable skin test for
diagnosing FA in younger children with AD. According to their conclusion, SAFT should be
performed in children under 3 years, whereas SPT should be used above this age. However,
the results of this study were not confirmed in the following studies of other groups and the
use of SAFT was abandoned, since there was a high risk of false-negative results and poor
reproducibility [79]. In study of Hansen et al. [79], SAFT did not improve diagnostic capacity
of SPT to detect FA also in the younger children and this test showed poor reproducibility.
They also observed severe systemic reaction due to SAFT and it makes this test under this
condition questionable, especially in small children. Reproducibility of SAFT was
insufficient as discordant reactions were observed in nearly half of the patients. Changing the
cut-off point (considering isolated erythema as positive result) did not change the outcome of
the test. Since with SPT performed with the same testing material they observed excellent
result, it is unlikely that false-negative reactions in SAFT were due to the test material,
although the use of non-standardized extracts always carries a risk of variability [79].

According to the Position paper of European Academy of Allergy and Clinical
Immunology (EAACI) on Atopy patch test technique and also according to the results of
some studies, it is recommended to check the application site of APT after 20-30 minutes for
possible presence of immediate-type skin reaction, what can be considered as an alternative of
SAFT [105, 143, 220].

5. SKIN IMMUNOLOGY OF ATOPY PATCH TEST REACTIONS

The APT reaction is based on cutaneous T-cell mediated responses after epicutaneous
application of an intact protein allergen [241]. In atopy patch testing, the allergens are whole
allergens applied on the unaffected and non-abraded skin under occlusion. The allergen
consequently penetrates the epidermis, where it is thought to be captured by IgE molecules
which then bind to high-affinity IgE receptors on the Langerhans cells [85, 150]. Allergen-
specific T-cells are thereby activated and initiate an eczematous reaction, which
immunohistochemically is nearly the same as that found in atopic dermatitis lesions [217]. It
was demonstrated many times, that the APT reactions are associated with the T lymphocyte-
mediated allergen-specific response [241]. The close macroscopic and microscopic
similarities between the specimens from APT sites and lesional skin of patients with AD
indicate that APT is a valid model to study allergic inflammation in AD [112]. Clinical
investigations showed that positive APTs (with T-cells infiltration in the skin) correlate with
clinical late responses [140].

Biopsy specimens of the APT test sites in patients with AD were found to have initial
Tw2 cell infiltration, followed by a predominance of Tyl cytokines and eosinophils [40].
Similar biopsy findings have been observed in the skin of AD patients during acute and
chronic lesions. T2 cytokines predominate earlier in the disease, with a transformation to
Twl predominance in the chronic lesions [117]. In the freshly induced APT lesions, a Birbeck
granule negative, non-Langerhans cell population with an even higher IgE-receptor
expression that the Langerhans cell, the so-called inflammatory dendritic epidermal cells
(IDEC) has recently been demonstrated [104, 243]. This phenomenon occurred both in non-
atopic and atopic AD [104]. This may also explain IgE-associated activation of allergen-
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specific T-cells finally leading to eczematous skin lesions in the APT [181, 226].
Immunohistolochemical studies of biopsied positive APT reactions demonstrated a
mononuclear cell-infiltrate in the upper part of dermis, consisting mainly of T-cells, with a
slight predominance of T-helper-cells as compared to T-suppressor cells, and about 10%
CD1" cells. No significant responses were obtained in peripheral blood mononuclear cell-
cultures stimulated with the wvarious allergens [110]. Negative APT sites were
immunohistochemically similar to clinically noninvolved AD skin. There were no significant
differences between patients with AD who had positive and negative APT regarding either
clinical features, the composition of cellular infiltrate, or the presence of allergen-specific T-
cells in clinically non-involved skin. However, differences were observed regarding the
presence of IgE on epidermal CD1" cells. These results indicates that a positive APT reaction
requires the presence of epidermal IgE'CD1a" cells in clinically noninvolved skin, but also
that other, as yet unknown, discriminatory factors are involved [113]. In eczematous reactions
following aeroallergen application, antigen-bearing Langerhans cells, co-expressing IgE,
were exclusively found in the epidermis after 6-h, and mainly in the dermis after 24- and 48-h
[70, 213]. Acute skin lesions in AD are characterized by CD4" T2 lymphocytes and
eosinophils and the release of T2-type cytokine (e.g. IL-4, IL-5, and IL-13) [55, 72, 217].
Chronic lesions show a predominance of Tyl-lymphocytes, macrophages, and Tnl-type
cytokines (e.g. IL-2, IL-12, IFN-y) [126]. The biopsies taken at 24-h after the patch test
reaction to aeroallergens showed spongiosis with intra-epidermal vesicles. The cellular
infiltrate in these vesicles consisted mainly of eosinophils, mononuclear cells (especially T-
lymphocytes) and IgE-bearing Langerhans cells. After 48-h any eosinophils were present. In
the dermis also a strong eosinophil infiltrate was observed, which declined after 48 h [18]. In
APT reactions sites within 72-h the migration of inflammatory dendritic epidermal cells
occurs as an early event. The specific up-regulation of FceRlI, especially on the IDECs, occurs
later during formation of extrinsic but not intrinsic AD lesions induced by APT. A late event,
the alteration of the dendritic cells phenotype with increased expression of CD36 occurs
[104]. Numerous lymphocytes migrated into positive reactions sites and nearly all belonged
to the T-cells. Some eosinophils increase was also apparent. Immunoglobulins (I1gG, 1gM,
IgE) were present in normal amounts in untouched sites, but many times more of all three
types were present in positive patch test sites. Also increased amounts of complement C3 and
C4 were released into positive patch test sites. In APT, all the four type of allergic reactions
according to Gell and Coombs are involved and are important in provoking visual skin
reaction [16]. The APT reactions showed great similarity to lesional AD skin macroscopically
showing erythema, induration and papules. Microscopically the dermal infiltrate consisted of
T-cells, eosinophils but with hardly any neutrophils, resembling lesional skin [153].

The results of the study of Thepen et al. [217] showed that in lesional skin IFN-y-positive
cells predominated over 1L-4" cells. The IFN-y" cells are mainly CD-3" and CD-4", and the
rest were CD-8", RFD-1" and RFD-7" cells. The IL-4" cells are exclusively CD-4" cells; no
eosinophils or mast cells were found to stain for IL-4. With regard to the Ty-cell response, a
clear dichotomy of the eczematous response to the aeroallergens in the skin was observed. In
the initiation phase of IL-4 production by T2 and THO0 cells is predominant over IFN-y by
Tl and THO cells. In the late and chronic phases, the situation was reversed and IFN-y
production by Tyl and TyO0 cells predominated over IL-4 production by Ty0 and T2 cells.
The kinetic of this increase in inflammatory cells was clearly demonstrated during the APT.
T-cells numbers increased rapidly until they reached a maximum at 24-h for CD-8" and at 48-
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h for CD-4" cells. Eosinophil numbers peaked at 24-h APT after which they decreased
rapidly. A continuing increase in IFN-y and IL-4 positive cells was observed, although the
increase in IFN-y cells was larger than that of IL-4 between 24-h and 48-h APT [217]. It was
shown a relationship between circulating, specific T-cells with Ty2-like cytokine response
and positive APT reactions [97]. However, there are dramatic differences in skin T-cells that
are cutaneous leukocyte antigen (CLA) positive [162] and gastrointestinal T-cells, which are
primarily gamma-delta T-cells with a higher proportion of CD45RO positive cells. In
addition, gastrointestinal T-cells have a different homing adhesion molecule [50, 76, 100].
These observations make it difficult to rationalize how T-cells reactions in the gastrointestinal
tract could be detected in the skin. One possible explanation is the migration of T-cells
throughout the circulatory system or the interaction of T cells in regional lymph nodes [60].

Grewe et al. [72] analyzed the cytokine pattern expressed in situ in APT with
aeroallergens. In 24-h house dust mite APT reactions, expression of 1L-4 mRNA and IL-2
MRNA increased, but IFN-y did not, as compared with control skin. But in 48-h APT
reactions, IFN-y mRNA and IL-2 mRNA expression were increased above the levels
observed in control skin, whereas IL-4 mRNA expression was decreased bellow background
levels. These data demonstrated that a switch from a Ty2-like to Tyl-like cytokine response
occurred in aeroallergen APT in AD patients. This biphasic pattern was specific to inhalant
allergen APT reactions, as it was not observed in irritant reactions in the same patient. IFN-y
production by T-cells may be induced by the cytokine 1L-12. Up-regulation of IFN-y mRNA
expression in APT reaction sites was preceded by an increased expression of p35 subunit of
IL-12 mRNA. These observations suggest that increased 1L-12 expression may contribute to
the observed switch of the in situ cytokine secretion pattern.

Buckley et al. [24] compared the immunohistological differences between APT positive
sites, negative sites and uninvolved skin in AD patients after the application of aeroallergens.
All positive patch tests exhibited characteristics of a cell-mediated immune response. The
negative patch test sites were also found to contain evidence of mononuclear cell infiltration.
Both negative and positive patch test sites showed significantly greater proportion of T-cells
compared to uninvolved skin. No increase in numbers of RDF1" and RDF7* macrophages
were observed in either positive or negative patch test sites. Expression of CD23 by CD1"
Langerhans cells was raised in both negative and positive patch tests compared to uninvolved
areas. A significant increase in RDF7" and CD23"cellular population was seen in positive
patch test sites compared to uninvolved skin. An increase in the proportion of RDF1" cells
expressing CD23 was seen in both negative and positive patch tests compared to uninvolved
skin. The presence of systemic cell-mediated immunity to specific allergens identified in
patients by positive patch test may also be present when no clinical signs are seen at patch test
sites.

Holm et al. [85] studied the changes in the cellular infiltrate in APT in two small groups
of patients with or without the detectable serum IgE to Dermatophagoides pteronyssinus. The
number of IgE*, CD-4", Metalloproteinase-9" cells and eosinophils increased in the subgroup
with detectable specific IgE. FceRI™ and CD-8" cells increased with time in both groups. A
correlation was found between the levels of specific IgE and the score of dermal cell
infiltrates at 72-h. Also this study strengthened the hypothesis, that the IgE molecule has a
key role, at least as an amplifier, in the APT reaction. However, the presence of allergen-
specific IgE does not seem to be obligatory for the APT reaction, as it takes place in
individuals without detectable levels of allergen-specific IgE in serum [34, 88, 129, 192] and
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people with elevated levels of specific IgE do not necessarily show a positive APT reaction
[98]. Tw2-like response of peripheral blood mononuclear cells to some aeroallergens showed
stronger correlation to the APT reaction than it did to the specific IgE-levels or SPT reaction
[97]. This indicates that the T-cell response is another crucial factor for allergen-specific
eczema reactions [85]. Positivity of APT was not associated with IFN-y or IL-4 release from
peripheral blood mononuclear cells with or without stimulation with CM antigens [106].

Animal model of APT with aeroallergens has shown histologically superficial
perivascular mononuclear and granulocytic dermatitis development after 6-h, and progression
in severity at 24-h. Additionally, at 48-h epidermal spongiosis, hyperplasia, and pustules were
developed. At and beyond 6-h, progressive CD1" epidermal Langerhans cells hyperplasia
with cluster formation and dermal dendritic cell infiltration was observed. mMRNA expression
for a cytokines IFN-y, IL-6, 1L-12p35, IL-13, IL-18, and thymus activation regulated
chemokine (TARC) exhibited significant increases during the challenge compared to
baseline, but there was no appreciable alteration in expression for tumor necrosis factor-alpha
(TNF-a), 1L12p40, IL-10, regulated on activation normal T-cell expressed and secreted
(RANTES), IL-5, IL-2, IL-4, and IL-8. No correlation was found between clinical scores of
positive reaction and cytokines. These authors concluded that IL-6 plays a role in early
reactions followed by an increase of TARC and IL-13, while IL-18 progressively increases in
later reactions [126]. In another animal model, macroscopic and microscopic positive APT
reactions occurred only whenever serum positive IgE was present against the tested allergens.
Microscopically, positive APT was associated with epidermal hyperplasia, Langerhans cell
hyperplasia, and eosinophil and lymphocyte epidermotropism. Dermal inflammation was
mixed and arranged in a superficial perivascular to interstitial pattern. Numerous IgE*-CD1"
dendritic cells and gamma-delta T-lymphocytes were observed. Macroscopically and
microscopically, APT reactions in these experimentally sensitized animals resembled those
seen in lesional biopsy specimens of dogs and human with spontaneous AD. The APT
provides a relevant experimental model to investigate the pathogenesis and treatment of both
canine and human AD skin lesions [156].

Gfesser et al. [65] compared the difference in the disturbance of skin barrier in atopy
patch test reactions with classical patch test with chemical substances. The barrier disturbance
was evaluated by measurement of transepidermal water losses (TEWL). The TEWL of the
positive APT was significantly higher in comparison with the control sites or with positive
patch test reactions with chemical contact allergens. In AD, the epidermal barrier function is
altered only in the positive APT reactions, in contrast to positive patch test reactions to
contact allergens. As a consequence of this aeroallergen-induced altered epidermal barrier
function, further allergens can more easily penetrate the skin, including a vicious circle and
perpetuating the eczematous reactions.

The macroscopic and microscopic resemblance of the patch test reaction to aeroallergens
and food allergens in clinically non-involved AD skin with lesional AD skin suggests that the
patch test reaction to aeroallergens and food allergens may be a helpful in vivo model to
further study the pathogenesis of AD [18, 19, 30].
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6. TECHNICAL ASPECTS OF ATOPY PATCH TESTING

There are many technical aspects of atopy patch testing which might have important
impact on the final outcome of this testing procedure, what was demonstrated in many
studies. It is very important to take into consideration all of these factors and attributes, as
only by this, it is possible to find the right place of the APT in the diagnostic algorithms of
particular disease. There are many important factors influencing the final results of APT and
the most relevant are application site, chamber size and type of application system, source,
concentration and preparation of the allergens, vehicle used, negative control, pretreatment of
the testing site, occlusion time of application and the time of reading of induced eczematous
reaction, applied scoring system, medicament withdrawal and many other aspects and factors.

A. Application Site

Although most investigators performed the APT on the upper back of the patients [104,
111, 123, 124, 192, 230], some authors studied as well other possible locations, such as
antecubital [111, 149] or popliteal fossa [149], outer upper arm [16], or the extensor side of
the forearm [70, 81, 236]. Langeveld-Wildschut et al. [111] tested the uninvolved skin of the
back and the antecubital fossa in 10 AD patients, failing to demonstrate the differences in
response between these two test sites. Norris et al. [149] described an increased incidence of
immediate pruritic reaction on the antecubital fossa compared with the back after
epicutaneous allergens” application to the uninvolved skin, probably due to local differences
in cutaneous absorption [57], itch points [178] or mediators of pruritus [48]. Although the
back seems the most practical location for testing, it is also suggested that the best
reproduction of AD requires various conditions, such as site of normal distribution of the
lesions [70]. Weissenbacher et al. [236] in their study compared different application sites.
There was no significant difference in either the intensity or quality of itch between the two
forearms and the back. Regarding the quantification of the test reaction, a positive reaction
was more frequent on the back (94% vs. 69% on the forearms) and the peak atopy patch score
was higher on the back compared with both forearms. Allergens should be therefore
preferably applied on the back for the APT.

Van Strident and Korstanje [227] investigated the existence of intra-regional variations in
response to allergens applied on the back. The results were assessed by classical visual
scoring system and the skin blood flow at the test sites was quantified by laser Doppler
flowmetry. The results of laser Doppler flowmetry showed highly significant differences
between the upper and lower back, however, the differences in the visual scores were not
demonstrated. It was confirmed that the upper back seems to be one of the most sensitive
areas [119, 120]. It is necessary to study also the differences between left and right side of the
back [227]. Apart from regional differences, intra-regional variations in the response both to
the allergens and irritants have been described on forearm skin [115, 193, 224].

The most advantageous place might be the patient’s upper-back with uninvolved skin
without AD lesions [105, 143, 219, 220].
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B. Chamber Size and Atopy Patch Test Application System

The chamber size (diameter) is another very important parameter influencing the
outcome of the APT. The studies differ in the diameter of used chambers or in the APT
application system. Many authors used and recommended the 12-mm aluminium cups Finn
Chambers (Epitest Ltd., Hyryl4, Finland; Hermal, Reinbeck, Germany; Finn Chambers,
Allerderm laboratories, Sonoma, Calif, etc.) on Scanpor tape [45, 60, 79, 92, 93, 123, 172,
174], but the other diameters of the testing chambers have been studied as well: 8-mm
aluminium cups [32, 106, 158], 9-mm square 1Q Chambers [197], 10-mm plastic quadratic
cups [95, 175, 176], 11-mm Finn chambers fixed with stretch plaster on the patients” back
[104], Finn Chambers of Chemotechnique Diagnostics [108] or Curatest adhesive strips [95,
169].

Since the small backs of young children offer little space for atopy patch testing,
Niggemann et al. [144] investigated and compared 6-mm chambers with classical 12-mm
aluminium cups traditionally used in the previous studies. Sensitivity, specificity, negative
and positive predictive values and also efficiency results showed that the 12-mm chamber
size yielded much better results than the 6-mm chamber size. The use of 6 mm aluminium
cups may result in a decreased sensitivity compared to the use of 12-mm cups, which should
be therefore preferred [141]. The 8-mm aluminium cups are recommended for children
younger than 3 years and standard 12-mm aluminium cups for children older than 3 years [32,
197]. However, it was clearly showed, that the diagnostic accuracy of the APT using a 12-
mm Finn chambers was greater than for the 6-mm chamber [144].

Just a few data exist on the use of alternative materials such as quadratic cups [95, 175,
176] now available on the market [141].

Our Data

We conducted two studies on large unselected populations of school children aimed on
clinical characteristics of atopy patch tests with food and inhalant allergens. Our first study
comprised all four-grader children attending schools in four small semi-rural towns in
northern Slovakia (Poprad, Dolny Smokovec), and central Italy (Ronciglione, Caprarola).
This study was conducted between October 2002 and February 2003. The total number of
examined children was 335 (46% boys, age 10.10+0.63 years): 185 from Slovakia (50.3%
boys, age 10.11+0.68 years) and 150 from Italy (40.7% boys, 10.09+0.55 years) [174]. Our
second study comprised 532 children (50.6% boys, age 10.23+2.27 years) attending three
grammar schools in the north of Rome (Italy) from October 2005 to March 2006 [94, 95, 175,
176]. The atopy patch tests and skin prick tests with food and inhalant allergens were
performed according to the recommendation of EAACI. The studies were approved by the
Ethical Committee of the Pediatric Clinic of Rome University “La Sapienza”.

In our study we applied fresh food allergens on both sides of the back with two kinds of
APT devices: plastic quadratic cups on hypoallergenic textile tape of 10-mm diameter (Finn
Chambers, Haye’s, Alphen, the Netherlands) in 293 children (age 8.71+1.74 years, 54.1%
boys) or with fine blotting paper circles on transparent adhesive tape (Curatest, Lohman &
Rauscher SRL, Padova, Italy) in 66 children (age 8.16+1.74 years, 47.2% boys). Using Finn
Chambers, we observed 8.9% positive APT results for CM and 6.1% for HE. 4% children had
positive APT with tomato and 6.1% with wheat flour. In contrast, when we applied the
allergens with Curatest, the frequencies of positive APT were: 12.1% for CM, 12.1% for HE,
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19.7% for tomato and 13.6% for wheat flour (table 1). We did not observe the differences in
the frequencies of positive APT results between left and right side of the back. In general, we
obtained more positive results with Curatest than with Finn Chambers for all four food
allergens. This difference reached statistical significance only for tomato (p < 0.001), whereas
for other three allergens these differences were not statistically significant (figure 2)

Table 1. Frequency of positive APT results with fresh food allergens applied
by two different devices.

Finn Chambers® Curatest®
Left side Right side Left side Right side
Cow’s milk
@ neg. 249 (85.0%) 255 (87.0%) 52 (78.8%) 55 (83.3%)
@? 18 (6.1%) 12 (4.1%) 6 (9.1%) 4 (6.1%)
®+ 12 (4.1%) 14 (4.8%) 0 0
@ ++ 11 (3.8%) 10 (3.4%) 7 (10.0%) 5 (7.6%)
® +++ 3 (1.0%) 2 (0.7%) 1 (1.5%) 2 (3.0%)
Pos. 26/293 26/293 (8.9%) 8/66 (12.1%) 7166 (10.6%)
(9+@+0) (8.9%)
Hen’s egg
® neg. 256 (87.4%) 264 (90.1%) 54 (81.8%) 57 (86.4%)
@? 19 (6.5%) 14 (4.8%) 4 (6.1%) 5 (6.1%)
®+ 15 (3.1%) 8 (2.7%) 0 0
@ ++ 6 (2.0%) 6 (2.0%) 6 (9.1%) 3 (4.5%)
® +++ 3 (1.0%) 1 (0.3%) 2 (3.0%) 2 (3.0%)
Pos. 18/293 15/293 (5.1%) 8/66 (12.1%) 5/66 (7.6%)
(O+@+®) (6.1%)
Tomato
@ neg. 236 (93.3%) 235 (92.9%) 50 (75.8%) 50 (75.8%)
@? 7 (2.8%) 8 (3.2%) 3 (4.5%) 1 (1.5%)
3+ 4 (1.6%) 3(1.2%) 0 1(1.5%)
@ ++ 4 (1.6%) 4 (1.6%) 10 (15.2%) 12 (18.2%)
® +++ 2 (0.8%) 3(1.2%) 3 (4.5%) 2 (3.0%)
Pos. 10/253* 10/253* 13/66 (19.7%) 15/66 (22.7%)
(0+@+®) (4.0%) (4.0%)
Wheat flour
@ neg. 262 (89.4%) 262 (89.4%) 53 (80.3%) 56 (84.8%)
@? 13 (4.4%) 13 (4.4%) 4 (6.1%) 4 (6.1%)
®+ 7 (2.4%) 7 (2.4%) 0 1(1.5%)
@ ++ 8 (2.7%) 9 (3.1%) 4 (6.1%) 3 (4.5%)
® +++ 3 (1.0%) 2 (0.7%) 5 (7.6%) 2 (3.0%)
Pos. 18/293 18/293 (6.1%) 9/66 (13.6%) 6/66 (9.1%)
(O+@+6) (6.1%)

* For technical reason, we did not perform APT with tomato in 40 children.
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Figure 2. Frequencies of positive APT results with fresh food allergens applied by two different devices
on the left and right side of the back.

We studied the influence of used APT device on the right-versus-left reproducibility. In
the first group we applied on both sides of the back device Finn Chambers (N = 205, 54.1%
boys, 8.71+1.43 years), in the second group we applied the allergens with device Curatest (N
=70, 47.2% boys, age 8.16+1.74 years) and finally in the third group of children we used the
combination of both APT devices (N = 158, 47.5% boys, age 11.43+1.43 years).

The average value of Cohen’s « in the first group with two Finn Chambers on the back
was 0.616 (0.447 - 0.810) depending on the allergen used. The highest value was reached
with CM (0.810, highly satisfactory agreement) and the lowest with wheat flour (0.447, fairly
satisfactory agreement). The percentage of reproducible positive APT results was from 30.8%
(tomato) to 70.8% (CM), what means that from 29.2% to 69.2% of positive results had
negative APT results on the opposite side of the back (table 2).

In the second group with two Curatest devices, the average Cohen’s k value was 0.355
(0.323 — 0.406). The highest value was reached for this device with HE (0.406, fairly
satisfactory agreement) and the lowest with CM and wheat flour (0.323 and 0.327, barely
satisfactory agreement). Approximately 70% of positive results were non-reproducible (tab.
2).

Analyzing the reproducibility in the group with combined APT devices, we obtained the
lowest average Cohen’s « value of 0.324 (0.162 — 0.553). The highest value was reached with
tomato (0.553, fairly satisfactory agreement, 88.9% of reproducible positive APT results) and
the lowest with CM (0.162, unsatisfactory agreement, only 10% of reproducible results).

From this point of view, the use of Finn Chambers is the most advantageous in comparison
with Curatest (table 2).



Table 2. Reproducibility of atopy patch testswith fresh food aller gens according to the APT device used

2 x FinnChambers®

2 x Curatest®

Combination of both

APT devices
P/P N/N P/N Cohen’s | P/P N/N P/N Cohen’s | P/P N/N P/N Cohen’s
N/P K N/P K N/P K

CM | 17/196 | 172 7 0.810 3/66 54 9 0.323 2/152 | 135 15 0.162
(8.7%) | (87.8%) | (3.5%) (12.1%) | (81.8%) | (13.7%) (1.3%) | (88.8%) | (9.9%)

HE | 9/196 | 178 9 0.642 3/66 56 7 0.406 8/152 | 116 28 0.256
(4.6%) | (90.8%) | (4.6%) (4.5%) | (84.8%) | (10.6%) (5.3%) | (76.3%) | (18.4%)

TO | 4/196 | 183 9 0.447 7/66 45 14 0.366 8/152 | 133 1 0.553
(2.0%) | (93.4%) | (4.6%) (10.6%) | (68.2%) | (21.2%) (5.3%) | (87.5%) | (7.2%)

WEF | 8/196 | 177 11 0.563 3/66 54 9 0.327 7/152 | 124 21 0.325
(4.1%) | (90.3%) | (5.7%) (4.5%) | (81.8%) | (13.6%) (4.6%) | (81.6%) | (13.8%)

CM cow’s milk, HE hen’s egg, TO tomato, WF wheat flour, P positive, N. negative
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C. Ready-to-Use Atopy Patch Tests

Atopy patch test has an advantage that it is non-invasive and is used on the skin. This is a
great advantage especially in children. Indeed, the skin is at one and the same time a barrier
of the organism with a local immune system and a possible route of administration via
transdermal passage of drugs [9]. So allergens put on the skin can come into contact with
immune cells, however, at the same time, their passage through the skin can be limited by the
very low permeability of the skin [202]. Classical occlusive delivery system for APT —
aluminium cups Finn Chambers placed on hypoallergenic tape is intended to be prepared and
secured on the skin of children by the medical practitioner. These tests, despite of many
efforts to complete the standardization [34, 81, 105, 220], still suffer from many drawbacks.
To solve these problems with standardization, some innovative ready-to-use APT has been
developed, e.g. the E-patch® system or Diallertest®. These APT devices are composed of an
occlusive chamber and differ from those previously described in that it is ready-to-use, with
the allergen present as dry milk powder, with defined protein content and a guaranteed
protein quality. Because of skin occlusion and normal skin transepidermal water loss (TEWL)
[1, 7], this system is intended to progressively create a solution of the proteins contained in
the milk powder at the surface of the skin. Ideally, the allergens should concentrate in the
epidermis to trigger a local reaction but nor permeate the skin, to avoid any possible systemic
anaphylactic response [202]. This test has great accuracy because it maintains protein
allergens in their native state without using preservatives or excipients. It was designed to be
easier to use than the atopy patch tests usually used to detect pediatric cow’s milk allergy.

In the study of Kalach et al. [101], a ready-to-use atopy patch test - Diallertest® (DBV-
Technologies, Boulogne-Billancourt, France) was compared with another APT device, the
classical Finn Chambers, in pediatric cow’s milk allergy. This study involved 49 children
with confirmed CMA manifested by atopic dermatitis, digestive manifestations, or both. All
the children underwent both APT techniques, with a reading at 72 hours after application and
followed by a milk elimination diet and open cow’s milk challenge. A positive results were
seen in 44.8% of children with the ready-to-use set and in 26.5% of children with comparator
classical APT. Both techniques were concordant in 67.3% patients. Sensitivity was much
better with ready-to-use set than with standard APT (76% vs. 44%, p = 0.02), whereas
specificity was 93.8% for botch techniques. With ready-to-use APT they observed 1 false-
positive and 6 false-negative results, whereas with standard APT they found 1 false-positive
and 14 false-negative results. Test accuracy was also better for ready-to-use APT (82.9% vs.
63.4%, p = 0.05). The ready-to-use set exhibit better sensitivity with no side effects and
seems to be more practical than classic APT. This ready-to-use CM APT called Diallertest is
26-mm in diameter and consists of three parts: 1) a central transparent membrane of
polyethylene charged with electrostatic forces able to retain a powdered material for a long
period and to allow a direct visual monitoring of cutaneous reaction, 2) a biadhessive mousse
layer enclosed by 2 liner sheets, and 3) an adhesive sheath of non-woven film. The same
mixture used for classical comparator APT was deposited on the central plastic support in the
form of microgranules forming a homogenous monolayer retained by electrostatic forces.
Each APT thus contained 250 pg of CM proteins with 60% casein and 40% lactoserum
proteins. The ready-to-use APT serving as negative control had the same structure but was
deprived of any CM powder. This study introduced a ready-to-use novel type of patch testing.
The basis of the test relies on the ability to provide to the skin intact molecules devoid of any
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solvent and able to be solubilized through the sole sweat secretion. This technique exhibits
several advantages compared with the classical APT, both in terms of practical easiness and
of standardization. The amount of milk deposited on the patch is constant and easily
measurable. When applied, the device delivers to the skin the total amount of milk deposited
on the patch, whereas in any other kind of patch testing, the exact amount of food allergen
delivered to the skin is difficult to assess: when present in the form of pureed food, only a part
of the food comes in close contact with the skin, and when the food is deposited on a blotting
paper, a large amount remains inside the paper. The standardization of APT technique
requires not only standardizing the amount of antigen deposited in the device but also the
amount of antigen able to reach immunocompetent reactive cells. The advantage of this new
APT device is that it could be applied by the parents to the child 3 days before the reading by
the physician, thus avoiding second consultation. The transparent plastic membrane also
allows direct visual effects monitoring of immediate or delayed cutaneous reactions without
the removal of the set. This test might be proposed as a first-line diagnosis [101]. It means
that Diallertest® in comparison with classic APT is not only more convenient but also more
accurate [136].

In another study conducted by Soury et al. [202], the localization of pB-lactoglobulin
delivered into the skin by an innovative ready-to-use APT E-patch® was investigated. As this
test allows the detection of delayed allergies at the skin level, they also studied the efficacy
and safety of this new device. In this study, E-patch® containing p-lactoglobulin was placed
for 24 hours in contact with hairless rat skin. Transdermal passage was monitored by
measurement of B-lactoglobulin A-[methyl-**C] or by two-site enzyme immunoassay. After
24 hours, 92% of p-lactoglobulin remained on the skin. The iterative skin stripping showed a
135-fold higher concentration of -lactoglobulin in the stratum corneum than that found in the
epidermis-dermis. Analysis of the solution in the receiver compartment by radioactivity
assays or immunoassays indicates that intact protein did not cross the skin. Authors
concluded that new ready-to-use E-patch® system allows native p-lactoglobulin to concentrate
in the stratum corneum, in the vicinity of immunocompetent cells, but does not lead to its
systemic delivery. Therefore, it was suggested that this delivery system creates ideal
conditions for promoting a positive topical response with reduced risk of systemic
anaphylactic reactions caused by the native form of the p-lactoglobulin.

D. Marking of Atopy Patch Test Testing Sites

Important technical part of performing the APT is marking the application sites to
indicate where the different allergens have been tested. Marking the skin is necessary when
several readings are carried out [116, 104]. Very useful is the reading with provided Finn
Chambers reading plate, which helps locate test sites and identify the reactions.

E. Allergens Tested in Atopy Patch Test
Primarily, the APTs were extensively studied with aeroallergens, which are also very

important in the pathogenesis of AD. Later on, also the APTs with food allergens have been
introduced into clinical use. Many food allergens have been applied such as cow’s milk, hen’s



28 Milos Jesenak, Zuzana Rennerova, Eva Babusikova et al.

egg (yolk, white), soy milk, peanuts and other nuts, cereals (wheat, rice, maize, buckwheat,
barley, oat, rye), vegetables (tomato, potato, soybean, cabbage, carrot), fruits (apple, orange,
banana), meat (pork, beef, cod, chicken), cacao, mustard powder. In some studies, high
number of food allergens (25-50) has been investigated simultaneously [16, 173]. Any food
can be assessed with APT, although cow’s milk, hen’s egg, wheat, and soy have been studied
most extensively. It seems that the number of positive APTs is dependent from the type of
used allergen [48]. Only those allergens known to precipitate the dermatitis or other
symptoms by history or which were identified in patients” home environments elicited
positive patch reaction. There is no reason to doubt that many other allergens work in APT
testing [60, 141, 206].

F. Allergens Preparation and Their Concentration

Technical aspects of APT with regard to vehicle, dose response, mode of application,
reading times, scoring and clinical covariates have been studied [34, 35, 38, 84, 153]. Further
standardization of the test procedure and evaluation of the APT reactions are needed,
especially with regard to the choice of allergen extracts. This is the crucial aspect of APT
with food allergens, which requires further investigations, since optimal testing substances
with food allergens are not yet available. According to the Position paper of EAACI [220],
the use of standardized preparations in petrolatum is recommended. However, the availability
of these testing substances is poor, and according to the several studies, their use in
comparison with foods in their native forms does not increase the diagnostic accuracy of the
APT. There are still some methodological problems in performing APT. Commercial
preparations for food APT are poorly available and preparations for many food allergens are
still lacking. Allergen concentration in preparation for SPT is considered too low and not
suitable for APT. The use of fresh food allergens is recommended, but possible variations in
allergen content according to the diet of the animals should be taken into account [67].

In the literature, many modifications of the allergens preparation could be found: 200 mg
of cereals as flour mixed in 0.2 mL of isotonic saline solution [93], 300 mg of wheat in 0.2
mL isotonic saline [103], 300 mg of skimmed milk powder in 0.2 mL of isotonic saline
solution [32, 93, 103, 123, 211], 40 mg of egg powder in 0.2 mL isotonic saline [103, 123,
211], 200 mg of egg white, cereals in 0.2 mL of isotonic saline to make a “porridge” that
remains on the test cup [79, 92, 106], 20 ug of cow’s milk powder containing 35 g of
protein/100 g mixed with saline [230], wheat gluten flour suspension (1 g in 10 ml of normal
saline) [8, 80, 130, 158, 172], 3 g of powdered skim milk mixed with 1 mL of isotonic saline
solution [203, 205, 206], egg white, celery and wheat flour, all at 1/3 w/v in petrolatum [104],
2 g of dry food (soy infant formula and skim milk powder, dried egg white, wheat, oat,
barley, rye, and rice flour, corn meal, dehydrated potatoes) in 2 mL isotonic saline solution
[204], a mixture with egg yolk or white with petrolatum oil 2:1 [67], CM preparation in
petrolatum (30%) [103], CM, HE and wheat flour preparations (10%) and tomato preparation
(20%) in petrolatum [175, 176], the commercial extracts to fish or cooked suspected fish (ev.
boiled) [169], hen’s egg white in a cream in concentrations up to 1000 times higher than the
concentration used for SPT [110], a mixture consisting of two thirds of a powdered CM
product and one third of a hypoallergic infantile CM formula diluted in water (13.5 g/100
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mL) [101], a mixture of raw peanuts and petrolatum 2:1 [195], allergen preparation in
petrolatum and petrolatum oil [125], or non-fat milk in saline and in petroleum [82].

Breneman [16] developed a special kind of food patch test named dimethyl sulfoxide
food test (DMSOFT). Fifty sterile, freeze-dried, pure food products were individually
suspended in 90% dimethyl sulfoxide (DMSO), which was used to carry both water-soluble
and fat-soluble pure food products through the skin to the subcutaneous tissue. Its fat-solvent
capabilities and its ability to penetrate intact skin as a carrier vehicle were known. The
mixtures were prepared from 1 g of freeze-dried food in 90% DMSO (1 g/5 mL).

Many authors recommend the use of fresh food allergens: fresh pasteurized whole-fat
cow’s milk containing 3.5% fat, hen’s egg (fresh whole whisked raw egg), soy milk [8, 17,
25, 79, 80, 130, 158, 166, 201], raw peanut powder, wheat powder, mustard powder without
dilution in saline solution [173], or single-ingredient baby food-fruits, vegetables and meats
were placed into the chambers undiluted [204]. The good percentages of sensitivity and
specificity for the APT may be explained by the fact that the identical native food allergens
are used also for DBPCFC and SPT, so the results of all the three tests are better comparable.
Native food seems therefore be most suitable for performing APT [141]. Therefore, it would
be necessary to investigate the optimal allergen concentration in commercially available
preparation, for example in petrolatum.

The positive APT response rate seems to be strictly dependent on the patch test material.
Therefore, the choice of allergenic extracts still remains upon a question. Manzini et al. [125]
observed different frequencies of positive APT using the same allergens from three various
commercial sources. Standardization of food APT seems to be very difficult. Cereals seem to
give positive reactions too easily (probably also due to non-specific irritation) and the results
need to be checked with DBPCFC [103].

Cow’s milk formula powder, bovine serum albumin, crystallized bovine B-lactoglobulin
and bovine casein were mixed with 0.9% saline solution in a separate tube in which a filter-
paper disc was placed for an hour to become saturated with the test substance [180]. This
filter-paper disc was than placed under usual aluminium cups on the patient’s back and no
differences in the prevalence of positive APT with whole milk or with CM protein fractions.

Several commercial APTs containing freeze-dried food extracts (so-called Ready-to —use
APT) are now available, but their diagnostic accuracy is still largely undefined. A recent pilot
study demonstrated the safety and efficacy of one of these ready-to-use APTs (Diallertest)
[101]. A study of Berni Canani et al. [8] was aimed to examine the diagnostic accuracy of
APTs using fresh food vs. commercially available freeze-dried purified food extracts
contained in a commercial kit (Atopy line 1, Euromedical, Lecco, Italy). The freeze-dried
purified food protein extracts (Allergon AB, Angelhom, Sweden) were provided in a 20%
protein concentration in a vaseline mixture. To exclude false positive reactions, they also
tested allergens in a 1:10 dilution. The results from this study showed that the diagnostic
accuracy of an APT with fresh food is much better than that of a commercial APT assays with
freeze-dried purified food extracts. The differences could be due to many factors, including
protein purification procedure, antigen concentration, and capability of penetrating the skin.
APTs should be standardized not only for the amount of antigen deposited in the Finn
Chamber but also for the amount of antigen able to penetrate the skin and reach the reactive
cells.

Laboratories still do not provide standardized food allergens preparations — measuring
and codifying their biological activity for the use in APT and further studies are needed for
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developing the production of better test materials [27]. Many foods in APT could be
appropriate in concentrations similar to what is ingested, conversely, for grains, egg, and soy
the concentration of 1 g/1 mL has been proposed as ideal. Milk requires higher concentration
at 3 g/1 mL for ideal testing [204, 205].

There is a large variation in the allergen concentration that is used in the different studies
on APT. Some studies used the commercial solution for SPT [133, 149], while the others use
10-1000-fold the concentration of the SPT standardized to one histamine equivalent prick
[168], or x100 concentration used for intracutaneous testing [20, 217]. van Voorst Vader et al.
[228] compared three concentrations of house-dust-mite allergens (2000, 10 000, and 50 000
AU/mI) using for patch testing and found most positive responses with the highest allergen
concentration. Conversely, Langeveld-Wildschut et al. [111] (1995) were not able to confirm
an increase positive APT reaction with 100 000 AU/mL instead of 10 000 AU/mL. Darsow et
al. [34] performed the APT with different vehicles and allergen concentrations, and found
most positive reactions with an allergen concentration of 10 000 PNU/g and petrolatum as
vehicle. The concentration of the allergens should be 5 000-7 000 PNU/g or 200 IR/g [41,
43]. Allergen-concentration should be more than 1 000 PNU/g in children and in adults more
than 7000 PNUY/g. The use of petrolatum as solvent is better than the use of hydrogel [35-39].
For the aeroallergens, in children lower concentrations of allergens in the testing substance
are sufficient (1 000-3 000 PNU/g), what is a half of a dose suitable for adults [41]. The
outcome of APT strongly depends on the concentration of applied allergen. With 10 000
PNU/g Darsow et al. [34] observed 72% clear-cut positive APT reactions among the patients
with AD, whereas with the concentration of 1 000 PNU/g they noticed only 28% positive
APT reactions. The concentration of the allergen is important for the outcome of the test. The
higher concentration of main allergen is, the higher prevalence of positive skin test results
could be observed [27]. High allergen concentrations and 48 h of application increased the
number of positive specific APT reactions [228].

There are only few data about the optimal concentration of food used for the APT in
children. The optimal concentration of main allergen is necessary to exclude false-positive
reactions. It seems that the concentration has influence on the outcome of the APT.
Niggemann et al. [140] studied all applied allergens also in a 1:10 dilution in parallel. They
observed 23% results in the 10% diluted APT and these were seen in the patients with the
strongest reactions. All these patients showed late eczematous reaction in DBPCFC, mostly to
the wheat. This indicates that the APT results with undiluted foods are not biased by
unspecific, irritative reactions and native food may be used undiluted [140, 141]. Comparing
undiluted and diluted food allergens applied in APT setting, there were no great differences in
sensitivity, specificity, or positivity rates [79]. According to the results of sensitivity values,
for some allergens APT allergen concentration > 200 IR/g may be necessary to demonstrate
the sensitization [39, 40, 42]. Further studies with large number of pediatric patients and
including food challenges are necessary for food allergens, after better standardization of the
allergen content [42].

Our Data

In our study, we applied three kinds of allergens. Food allergens were tested either in
their native form: fresh whole-fat cow’s milk containing 3.5% fat, whisked raw hen’s egg
(yolk and white of egg), tomato and wheat flour (dissolved in physiologic saline 1 g/10 ml);
or as standardized commercially available preparations in petrolatum: cow’s milk 10%, hen’s
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egg 10%, tomato 20% and wheat flour 10% (Lofarma S.p.a., Milano, Italy). In the subgroup
of children we used for APT also two standardized inhalant allergen solutions for SPT
(Dermatophagoides pteronyssinus and mixed grasses: Avena sativa, Hordeum vulgare, Secale
cereale, Triticum sativum; ALK-ABELLO, Hgrsholm, Denmark).

In our unselected population of Italian schoolchildren we observed in 7.4% positive APT
results with CM (frequency of strong positive reactions with papules was 4.7%), and in 9.0%
positive APT with HE (strong positivity in 7.0% of children). 5.2% children showed positive
results with tomato (4.4% strong positive reactions) and in 7.2% we observed positive APT
with wheat flour (5.6% strong positive reactions) (figure 3) [175]. These values were
observed with fresh food allergens. The frequencies with standardized food allergens were
lower for all the four studied allergens but these differences were not statistically significant
(data not shown). Two inhalant allergens vyielded positive results in 29.8%
(Dermatophagoides pteronyssinus) a 3.8% (mixed grasses) of studied children.

In our previous study in two European countries, we observed different frequencies of
positive APT with fresh food allergens comparing two nationalities. Positive APT reactions
with CM were more frequent in Italy than in Slovakia (9.4% vs. 2.2%, p = 0.008) and the
same difference was observed also with tomato (9.3% vs. 3.2%, p = 0.035). There was no
difference in the prevalence of positive APT with HE (15.3% vs. 12.4%) or with wheat flour
(13.3% vs. 8.6%) between two nationalities. In general, Italian children showed more positive
APT results with any of the studied food allergens (27.3% vs. 15.7%, p = 0.013) [174].

We studied also the influence of tested allergens on right-versus-left reproducibility. All
the 6 allergens (4 food allergens and 2 inhalant allergens) were simultaneously applied on
both sides of the back (figure 4). In the first group we tested fresh food allergens (N = 205,
54.1% boys, age 8.71+1.43 years), in the second group we applied standardized food
preparations in petrolatum (N = 93, 50.5% boys, age 12.92+0.81 years) and in the subgroup
of children we added also two inhalant allergens (N = 131, 58% boys, age 9.40+2.24 years).
The allergens were applied with Finn Chambers.
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Figure 3. Frequency of positive APT reaction with fresh food allergens in an unselected population of
Italian schoolchildren.
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Figure 4. Schema of applied allergens on the back.

Table 3. Reproducibility of food atopy patch tests with native fresh foods and
commer cially available food aller gens preparationsin petrolatum

Fresh food allergens Commercial food allergens
preparations in petrolatum
Pos./ Neg./ Pos./Neg. Cohen’s | Pos./ Neg./ Pos./Neg. Cohen’s
Pos. Neg. Neg./Pos. K Pos. Neg. Neg./Pos. K
CM
17/196 172 7 0.810 4/97 90 3 0.714
(8.7%) (87.8%) (3.5%) (4.1%) (92.8%) (3.1%)
HE
9/196 178 9 0.642 2/97 93 2 0.656
(4.6%) (90.8%) (4.6%) (2.1%) (95.9%) (2.0%)
TO
4/196 183 9 0.447 1/57 55 1 0.659
(2.0%) (93.4%) (4.6%) (1.8%) (96.5%) (1.8%)
WF
8/196 177 11 0.563 3/97 91 3 0.651
(4.1%) (90.3%) (5.7%) (3.1%) (93.8%) (3.1%)

CM cow’s milk, HE hen’s egg, TO tomato, WF wheat flour, pos. positive, neg. negative

Using fresh food allergens, the highest Cohen’s k value was reached with CM (0.810,
highly satisfactory agreement). For HE Cohen’s k value was 0.642, what indicated
satisfactory agreement. Tomato and wheat flour gave fairly satisfactory agreement comparing
the APT results on both sides of the back (table 3). The lowest percentage agreement between
positive APT results we observed with tomato (only 30.8% positive reproducible results),
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whereas with CM this agreement was 70.8% (table 2). The reproducibility of positive APT
with commercially available standardized food allergens preparations (recommended by
EAACI) was lower for all the four food allergens and all Cohen’s k were between 0.651 to
0.714 (satisfactory agreement). In reality, approximately only 50% of positive APT reactions
were reproducible (table 3). According to these results, the use of fresh food allergens is more
suitable for food atopy patch testing [176].

In the subgroup of children, in which we applied on both sides of the back two inhalant
allergens, the concordance between both sides was 100% (Cohen’s x = 1.000). We did not
find any non-reproducible results (table 4).

Table 4. Reproducibility of atopy patch testswith two standar dized inhalant aller gens

APT with standardized

inhalant allergens

Pos./Pos. Neg./Neg. Pos./Neg. Cohen’s

Neg./Pos. K

Dermatophagoides 39/131 92 0 1.000
pteronyssinus (29.8%) (70.2%)
Mixed grasses 5/131 126 0 1.000

(3.8%) (96.2%)

G. Vehicle of Food Allergens Used in Atopy Patch Testing

Attempts at standardization of testing substances with food allergens have been made,
including the development of an optimal vehicle [34], because the vehicle is obviously critical
for the APT. The most frequently used are normal isotonic saline solution (0.9% NaCl) or
petrolatum, but also the use of 90% dimethyl sulphoxid, cream, petroleum, petrolatum oil and
methylcellulose hydrogel was described. Darsow et al. [34] compared the outcome of
aeroallergen-APT with the allergen preparation in petrolatum or hydrogel. 67% of positive
APT reactions were elicited with allergens in petrolatum versus 33% when hydrogel was used
as vehicle. Petrolatum as vehicle may lead to improved APT results on unchanged skin. The
APT using the petrolatum vehicles induced in the study of Oldhoff et al. [153] a higher
number of positive APT reactions and was significantly stronger relative to the APT using
allergen in aqueous vehicle. According to the Position paper of EAACI [220], the use of
allergen preparation in petrolatum with defined concentration of allergens expressed in
protein nitrogen units (PNU), allergen units (AU) or reactivity index (RI) is recommended.
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H. Negative Control

The negative control is not used in many studies [17, 60, 79, 141, 172]. However, the
negative control should be applied because of risk of false-positive reactions and to exclude
possible irritant reactions. As negative control are used microcrystalline cellulose [32, 92, 93,
103, 124, 125, 211, 230], applied petrolatum [42, 104, 231, 230], petroleum [82], physiologic
sterile isotonic saline solution [45, 46, 79, 82, 95, 174-176, 180], glycerol saline [27, 166,
169, 240], buffer solution [153], or empty cup [8, 25, 106, 230]. Usually, no reaction was
observed to the negative control. Conversely, the use of positive control would not be
necessary, because the APT only rarely elicits false-negative results [143]. However, in the
literature we can find also some studies with applied both negative and positive control. As a
positive control were used irritants: isopropyl myristate, propylene glycol and sodium lauryl
sulphate and 0.5% solution of sodium dodecylsulphate [34, 36].

Our Data

In both our study we applied besides four fresh food allergens also isotonic saline
solution (0.9% natrium chloride). We did not find any positive reaction to the negative
control.

l. Pretreatment of the Skin in Testing Site

Atopy patch test has an advantage that it is non-invasive test used on the skin. Indeed, the
skin is at one and the same time a barrier of the organism with a local immune system and a
possible route of administration via transdermal passage of drugs [9]. So allergens put on the
skin can come into contact with immune cells, but at the same time, their passage through the
skin can be limited by the very low permeability of the skin [202]. However, it was also
demonstrated that allergen penetration is possible without irritating physical or chemical skin
alteration such as tape stripping of the stratum corneum or addition of detergents to the test
preparations [34].

There are many variations considering the pretreatment of the testing site before the
application of the APT set. The APT had been performed on the normal, non-eczematous skin
[110, 124, 125, 140-142, 172], on the normal skin after pretreatment of the skin by
scarification or stripping with adhesive tape [20, 70, 133, 2004, 217, 245] and on the mild-
lesional skin [133]. Mitchell et al. [133] performed APT on skin areas which were gently
abraded by removing the upper layer of the epidermis without causing capillary bleeding. In
this way, allergen can more easily penetrate the skin, which is also apparent after the
scratching of the skin. Gondo et al. [70] succeeded in reproducing an eczematous lesion on
the apparently normal skin of a patient with AD by scratching and continuous application of
allergen. Another way of facilitating allergen penetration is tape-stripping with adhesive tape,
resulting in a reduction of the corneal layer. Van Voorst Vader et al. [228] found a higher
number of positive APTs after rigorous tape-stripping (15x) compared to 8x stripping or no
stripping. If the patients with 15x tape-strippings had been omitted, 2/3 patients tested in this
manner and showing specific APT reactions would have been negative and lost. However, the
number of positive reactions also increased, especially after 48-hours’ reading. Tape stripping
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leads to enhanced penetration of allergens by removing the upper layers of the stratum
corneum. One disadvantage of this method is augmentation of the number of false-positive
nonspecific irritative reactions. Seidenari et al. [193] reported the highest number of positive
reactions after simple application of the allergen compared to pretreatment of the skin with
stripping (4x), 0.02 mL dimethyl sulfoxide, 0.05 mL of 10% sodium lauryl sulphate, and
slight abrasion with the scalpel. The different pretreatment techniques partially or greatly
reduced the skin reactivity. An increased number of positive APTs was found after tape-
stripping x10 (27/56 patients) compared to no stripping (20/56 patients) by Langeveld-
Wildschut et al. [111]. No difference in the incidence and intensity of the APT reaction was
found between 10 and 20 tape-strippings. Neither 10 nor 20-tape-strippings induced
nonspecific reactions. Occasionally, allergens were also applied on the lesional skin.
Repeated daily application of allergen on mildly eczematous skin resulted in a marked or
moderate local deterioration after 5 days [149]. This was also true, although to a lesser extent,
in areas which initially were clinically uninvolved. According to the Buckley et al. [24], the
use of tape-stripping is useful, if APTs are to be applied, on the grounds that positive results
are more likely to be observed clinically. Various kinds of chemical and physical pre-
treatment of the testing sites were used in the literature to facilitate the allergen penetration
into the skin: tape stripping, skin abrasion with scalpel, or addition of detergents and
chemicals (sodium lauryl sulphate) [20, 70, 81, 133, 149, 153, 213, 214], but these methods
have been recently abandoned because caused many false-positive and irritative reactions.

Veremis-Ley et al. [233] studied the usefulness of laser-assisted alteration of the stratum
corneum to enhance allergen delivery and patient satisfaction with this procedure aimed to
facilitate the allergen penetration into the skin through the stratum corneum. Chemicals
allergens were applied to the laser-pretreated sites for 60 minutes. No irritant reactions were
noted and patients reported no pain. All the tested subjects with previously confirmed
sensitivity to various chemical substances showed positive reactions to these components on
laser-pretreated sites. With further modification, laser pretreatment may improve patient
convenience and decrease irritant test reactions owing to occlusion.

J. Occlusion Time and Time of Reading

There are large differences in the duration of allergen application and reading time in
atopy patch testing. Most studies used a single, prolonged allergen application and reading
times of 24, 48, or 72 hours. A number of studies reported also immediate reactions at 10-20
minutes (local contact urticaria) [49, 140, 141]. Acute reactions observed within 20 minutes
after APT application were correlated with elevated levels of food-specific IgE [16].
Immediate reactions after 20 minutes were defined as inconclusive and further testing was
stopped [140, 141, 158].

Langeveld-Wildschut et al. [111] evaluated the APT at four different time points: 20 min,
24, 48 and 72 hours. Most patients had positive responses at 24 h, persisting until 48-72 h,
7/34 patients (20.6%) started reacting at 48-h. This subgroup had a significantly lower
specific IgE level than patients who started reacting after 20 min or 24-h. van Voorst Vader et
al. [228] found more specific allergic reactions after a 48-h reading than a 24-h reading alone.
Optimal occlusion time was studied by Rancé [166]. In 48 children with AD were performed
64 open oral challenges. Atopy patch tests with various fresh food allergens were performed
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under the condition of two different occlusion times: 24 hours and 48 hours occlusion period
usually used in contact allergy. The results were read 30 minutes after the removal of the
cups, after 24, 48, and 72 hours for the final evaluation of the test. The sensitivity, positive
predictive value and negative predictive value were all better for the 48-h occlusion time than
for the 24-h occlusion time. Therefore, the recommended occlusion time for APT with food
allergens should be 48 hours, as for the contact allergens. The time of reading after the
removal cups differed in the studies: 15 minutes [211], 30 minutes [32, 166, 169], or after 60-
120 minutes after the removal of the testing cups at 72 hours from the beginning of
application [192]. However, the most studies respect the recommended interval 20 minutes
after the removal of APT set from the back.

With aeroallergens studies have been performed comparing different reading times as
well. An occlusion of 48 hours and a reading time of 72 hours should be preferred [48, 218,
220]. In another study, the reaction were read at 24 (and reapplied), 48 and 72 hours from
APT beginning [42]. Evaluation of the APT after 48 and 72 hours gave more frequently clear-
cut positive reactions than after 24 hours [42]. In the study of Bygum et al. [25], the occlusion
time was also 48 hours and the reading was performed 20 minutes from the beginning of the
APT and then on days 2, 3 and 7 according to standard criteria, almost all positive results
were observed on day 2, and nothing was gained from later readings. Some reactions became
more infiltrated on day 3 (typically crescendo phenomenon seen in true allergic responses)
and reactivity decreased on day 7.

It is preferable to have a reading at 42 and 72 hours also for chemicals. An extra reading
on days 6 or 7 is useful as it gives additional information in 8.2% of patch-tested patients with
chemicals [99]. Delayed (7-day) patch test readings are especially important in atopic patients
to distinguish allergy from irritancy and to evaluate for steroid allergy [137]. For a single oM
patch test reading after day 2, day 3 is the best day, and especially better than day 4. If a 3"
reading is performed, it should be done at day 5 to get the maximum information out of patch
testing [64]. In another study, delayed reading after one week revealed redness and itching at
the area of cup placement only in the small amount of the tested patients positive on the
reading at 72 hours. The authors concluded that this additional reading does not add any
additional information to the classic and recommended final evaluation at 72 hours from the
beginning of the test [106].

According to the standardization of this procedure, occlusion time should be 48 hours.
The reaction sites should be checked after 20 minutes from the beginning of the testing for the
presence of immediate-type local contact urticaria (IgE-mediated skin sign). The later
evaluation of the test is 20 minutes after the removal of the cups and the final evaluation is
done at 72 hours from the beginning [220].

K. Scoring Systems of Atopy Patch Test Reactions

The right evaluation of the eczematous reaction occurring during atopy patch testing is
the most important step in the clinical use of this test. The interpretation of the APT outcome
should be done by experienced physician in the context of clinical symptoms. The clinical
meaning of various grades of APT skin reaction was investigated.

The scoring systems differed between the studies. Isolauri et al. [92] scored their results
as negative, irritant, significant erythema, erythema with oedema and eczema. Scoring system
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according to Breneman et al. (1989) envolves: “Tr” = minimal erythema, “1” = significant
erythema, “2” = significant erythema plus edema (palpable elevation), “3” = significant
erythema plus significant edema, early vesicle, and “4” = significant erythema plus
significant edema plus vesicle and bullas [16]. The results of Osterballe et al. [158] were
classified as (+) = weak positive reaction: erythema and slight infiltration; (++) = strong
positive reaction: erythema, infiltration and papules; (+++) = very strong reaction: erythema,
infiltration, papules and vesicles. A positive outcome of the APT was defined as > + with
infiltration as the major criteria. Another possibility is erythema = +, erythema, edema = ++,
erythema, edema, blisters, or papules = +++, confluent blisters = ++++ [201]. Today, the
standardized reading of the APT reactions is according to the International Contact Dermatitis
Research Group (ICDRG) or European Task Force on Atopic Dermatitis (ETFAD) [105,
220].

The interpretation of APT to foods is not fully standardized. Some studies were aimed to
validate the reading of the APT in terms of diagnostic accuracy of individual skin signs. In
the study of Heine et al. [80], the skin reactions were described and graded for erythema,
induration, papule formation and crescendo phenomenon (increase of skin sigh severity from
48 to 72 hours). The values of sensitivity, specificity, PPV and NPV were calculated for each
skin sign in comparison with the outcome of DBPCFC. The combination of any skin
induration plus papules (seven or more), or of moderate erythema plus any induration plus
seven or more papules had a positive predictive value and specificity for challenge outcome
of 100%, however, sensitivity was low (8% and 15% respectively). The best diagnostic
accuracy for single skin sign was found for induration beyond the Finn Chamber margin
(PPV 88%, SP 99%, SE 9%) and presence of at least seven papules (PPV 80%, SP 96%, SE
21%). Presence of both induration and of at least seven papules at 72 hours was the APT skin
signs with the greatest diagnostic accuracy for food allergy in children with AD. The close
association between induration or papule formation and positive DBPCFC appears plausible
and most likely reflects skin infiltration by lymphocytes and other pro-inflammatory cells in
response to prolonged epicutaneous exposure to food allergens. Because of use of the non-
standard testing substances, the results of APT should be interpreted with a great care to avoid
both false-positive and false-negative reactions, and it is important to test a suitable number
of control subjects. If the test gives positive result, it has to be demonstrated that the actual
test preparation is non-irritant and non-toxic in healthy control subjects, otherwise the
observed reaction does not prove allergenicity [79]. Careful and standardized documentation
of the severity of single APT skin signs may improve the reproducibility of APT
interpretation and reduce intra- and interobserver errors [80]. The cutaneous reactions can be
photographed and saved for the future.

Atopy patch testing involves placing allergens on the skin on day 1, removing the applied
allergens after 48 hours, and interpreting the cutaneous reactions. The first reading is
performed after 20 minutes after the removal of the allergens and second reading is done at 72
hours from the beginning of the testing. The first and second readings are essential for
deciding whether the reaction to an allergen is more likely to be irritant (the reaction usually
decreases between the two readings, decrescendo phenomenon) or allergic (the visual score
usually increases between the two readings, crescendo phenomenon). The relevance of the
APT outcome is determined in the context of patient’s history and other diagnostic tests. A
positive allergic APT reaction is “generally interpreted to be” a reaction manifested by
erythematous papules, vesicles, or a spreading reaction with crust and ulcerations. According
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to nearly all studies, macular erythema is considered to be “questionable”, and finally
negative result of the APT [44]. It has been reported several times, that true allergic reaction
seen on the skin under the area of occluded cups tends to grow stronger and more evident
between 48 and 72 hours [103, 124, 140, 230]. Predictors for positive APT reaction with
aeroallergens are these: elevated serum specific-IgE, positive SPT with the same allergen,
elevated total serum IgE, the duration of the AD, and allergic rhinoconjunctivitis [43].

The interpretation of the APT is still subjective and prone to intra- and interobserver
variation [42]. Therefore, many attempts have been made to standardize the methodology of
APT [34, 63, 81, 105, 153, 220].

The scoring system and the interpretation of the APT results have been carried out in
many different ways by different investigators. Apart from the fact, that many investigators
use their own visual scoring system, visual assessment of the APT reactions might be also
biased by the investigator’s subjective interpretation [23]. A possibility to improve the
interpretation of patch test reactions would be the use of non-invasive measurements.
Heinemann et al. [81] compared the utility of chromametry and laser Doppler imaging in
combination with classic visual scoring. Comparing these three methods, visual scoring was
superior to both objective methods in differentiation between irritative and allergic reactions.
According to the results of this study, it seems to be no practical benefit in the assessment of
allergic reactions by chromametry or laser Doppler perfusion imaging. The same
internationally accepted visual scoring system should be used by all investigators to allow
better comparability of reaction assessment in different laboratories. Several authors criticized
the visual reading of skin test reactions as subjective, of poor reproducibility, lacking in
sensitivity and highly variable between observers and/or institutions. In consequence, several
instrumental methods of assessment have been strongly promoted and do indeed offer several
advantages, not least their objectivity. Basketer et al. [4] studied double-blinded scoring of
irritant reactions by different pairs of trained observers. The grading patterns produced were
almost identical, statistical analysis showed that properly trained observers were in fact able
to reliably measure a grade of erythema to within £1 on a 10 point scale; 97.6% of scores
were within 2 grade points on this scale. These results provided the evidence that visual
scoring could be sensitive, reliable and reproducible within a testing institution. Bygum et al.
[25] observed a dose-related increase in transepidermal water loss and erythema at test sites in
patients with AD and positive APT compared to those with a negative APT and controlled.
The measurements of capacitance could not distinguish between positive and negative test. In
the study of Zuang et al. [247], the quantification of the APT outcome was evaluated using
laser Doppler velocimetry, transepidermal water loss and colorimetry. The Doppler
velocimetry showed the highest correlation with the severity of the reaction. The best
prediction model was obtained when the data of the three instruments were considered
together. Assessing the visual score is superior to these methods. All these three methods
could help in the harmonization of APT reactions in different laboratories, thus allowing a
more homogenous interpretation of these reactions. However, the cut-off of positive APT
reaction needing to be at least infiltrated (not only erythema) has been shown previously
many times [39, 195]. A visual score was recently shown to be superior in differentiation
between irritative and allergic responses compared with chromametry and laser Doppler
imaging [81]. The advantages of non-invasive measurements are the objectiveness and
suitability for dose-response analysis, but none of these techniques can replace the eyes and
fingers of the experienced clinician [6].
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Another important question is the meaning of isolated erythema. Several studies
investigated the clinical mean of isolated erythema (without palpable infiltration or papules)
as a final result of APT. According to the Position paper of EAACI, this outcome of the test
should be considered as a questionable, finally negative result [220]. Isolauri et al. [92]
considered isolated erythema as positive skin response and achieved good results in the
diagnosing FA in children with AD. In another study, changing the cut-off (isolated erythema
as positive result), did not improve the outcome of the test. Even the number of false-positive
reactions among the control subjects increased, revealing a lower positive predicting ability,
and furthermore a decrease in reproducibility was noted [79]. In the study of Saarinen [180]
erythema over half of the cup and erythema with induration were considered to be positive
responses. Davis and Yiannias [44] studied the clinical prevalence and relevance of reactions
graded as macular erythema, which are in the most studies considered as negative outcome of
APT. They examined 2 823 patients with suspected allergic contact dermatitis with standard
patch tests with chemicals and some inhalant allergens. All together, they evaluated 193 530
allergen applications. On day 5, with the exclusion of reactions graded as irritant, 7 274
allergen applications were associated with positive reactions; including 42.4% graded as
macular erythema. Of the macular erythema reactions, 2 430 were graded as clinically
relevant. The rate of reactions in our patients was 2.2% if macular erythema was excluded,
3.8% if all macular reactions were included, and 3.4% of only those macular reactions
deemed relevant were included. Patch test reactions rated as macular erythema are common
and may be of clinical significance; therefore they should not be disregarded. Erythema,
despite of its high specificity, appeared to be less reliable as a diagnostic criterion, as it is
prone to subjective assessment. The presence of moderate erythema alone was not sufficient
for a positive APT. Similarly, crescendo phenomenon was highly specific but lacked
sensitivity. In combination with the other skin signs, this phenomenon increased the
specificity only marginally without any changes in PPV [80]. The diagnostic properties of
each skin sign are improved when used in combination. Some authors considered also
isolated erythema without palpable infiltration as positive reaction [201].

L. Allergic Versus Irritant Reaction

Differentiation between allergic and irritant contact dermatitis reactions is very important
for the appropriate clinical assessment of the reaction, as both these skin reactions are
clinically, histologically and immunohistologically very similar. The studies in mice revealed
that the chemokine IP-10 is exclusively expressed in allergic contact dermatitis. Flier et al.
[59] investigated the differences in the mRNA expression of IP-10, and the related CXCR3
activating chemokines, Mig and IP-9. IP-10, Mig, IP-9 mRNA were expressed in 7/9 allergic
contact dermatitis reactions after 24-72 hours, but not in the irritant reactions caused by
sodium lauryl sulfate. Also the expression of ICAM-1 by keratinocytes was found only in
allergic contact dermatitis reactions. Up to 50% of the infiltrating cells in allergic contact
dermatitis expressed CXCR3, in contrast to only 20% in irritant contact dermatitis. This study
demonstrated the differences in chemokine expression between allergic contact dermatitis and
irritant contact dermatitis reactions, which might reflect different regulatory mechanisms
operating in these types of skin reactions and may be an important clue for differentiation
between allergic and contact dermatitis reactions. The skin responses following application of
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aeroallergens developed with an increasing intensity in the course of time. These reactions
should be considered as true positive allergic reactions [15]. In a study performed by
Niggemann et al. [140] food allergens were tested in parallel in a 1:10 dilution to exclude
false-positive results by irritant reactions. The authors found positive reactions in 18 of 77
(23%) patients with the 10% diluted APT, and these were seen in the patients with the
strongest reactions to the undiluted APT. Furthermore, all these patients showed late
eczematous reactions in DBPCFC, mostly to wheat. The authors concluded that the APT
results are not biased by unspecific, irritant reactions and that undiluted native foods should
be used.

Irritation was defined as redness strictly limited to the contact area of the cup, with no
infiltration, and the reaction tended to become weaker by the next examination [17, 103, 124,
125, 172, 211]. Another possible description of irritant reaction is sharply defined brownish
erythema, blistering, lack of clear infiltration, decrescendo phenomenon) were considered as
negative [124, 130, 166, 172]. Although APT and irritant responses share several
characteristics in their outcome, the induction of these two reactions is different [113]. For the
right interpretation of the APT result, it is very important to discriminate strictly between
allergic and irritant reactions (figure 5) [143].

‘ Allergic versus Irritant Reaction ‘

Allergic reactions H Irritant reactions }

Slow, crescendo intensity %:ékapid, decrescendo intensity

Unsharp margins %ZE Sharp margins

Marked erythema %ZE Mild (brownish) erythema

[
[
[ Persistent )b Shortduration |
[ 1
[ ]
{ 1

Infiltration, papules %:é Bulla, necrosis

[ Niggemann B. Cur Opin Allergy Clin Immunol 2002; 2: 253-256. ]

Figure 5. Allergic versus irritant reactions.

M. False Positivity and False Negativity of Atopy Patch Test Results

In food atopy patch testing, there is a high risk of false positivity, and therefore it is
necessary to test in parallel also negative control and the positive results should be confirmed
by elimination-challenge test [16]. Because of lower specificity and PPV, false-positive
results are common, and a positive result in either SPT or APT is not sufficient to confirm
cow’s milk allergy. Therefore, DBPCFC is still unnecessary to confirm or exclude the
diagnosis of FA in the face of positive test results [106]. In APT, there is higher risk of false-



Current Position of Atopy Patch Test in the Diagnosis of Food Allergy... 41

positive results, than those negative [92]. Cudowska et al. [32] found no correlation between
APT and OFT in 4/34 children. The percentage of false-positive results was 25%. The
percentage of false-positive and false-negative results was comparable for SPT, sIgE and
APT. In another study, 5 patients with a negative challenge were positive in APT. This
suggests APT is similar to traditional allergy skin testing with patients developing tolerance
to the food before percutaneous testing is negative [60]. Several false-negative reactions were
seen using SAFT and APT, and false-positive reaction to egg also in APT [79]. In the study
performed by Stromberg et al. [211], false-positive SPT results together with false-positive
APT results were uncommon. Vanto et al. [230] observed that the APT was slightly irritating
the skin, causing erythema also when APT with negative control was performed. Because of
positive reactions to negative control and positive reactions seemed in the subjects with
negative OFC, they concluded that the APT could not be recommended as an effective
diagnostic tool.

In food atopy patch testing under some conditions; also false-negative APT could be
clinically relevant. Skin reactivity has been suggested as one possible cause. Evidence
supports the failure to respond to a specific antigen might be due either to a faulty immune
response, a defense inflammatory response or both. Thus, skin hyporeactivity may have
clinical relevance in routine patch testing. Skin hyporeactivity is usually confused with skin
anergy, a term used to describe an impaired cellular immune response to allergens, as seen in
sarcoidosis. Since this hyporeactivity state may cause false-negative patch tests, it may have
clinical relevance in routine testing. Hyporeactivity occurring during APT can be due to too
low allergen dose, or not properly fixed APT set. Skin hyporeactivity could be also observed
in patients on corticosteroids, immunomodulators or exposed to UV radiation. Skin
hyporeactivity as one of several factors causing false-negativity should be considered to exist
not only in patients with obviously immunomodulated diseases, but also in normal subjects.
The synergy of several factors involved in skin reactivity would explain negative APT in truly
sensitized patients and the false-positive reactions, for example, in excited skin syndrome.
False-negative patch tests might reflect the impairment of an important pathway necessary for
positive patch test results [107].

N. Medicament Withdrawal

It was confirmed, that various kinds of systemic or topical treatment have important and
significant impact on the final outcome of the APT. According to the Position paper of
EAACI, there are several exclusion criteria for APT, involving the withdrawal of topical
corticosteroid therapy for at least 7 days, discontinuance of oral therapy with corticosteroids,
cyclosporine A and tacrolimus and avoidance of antihistamines for at least 5 days. The
patients should not have received ultraviolet treatment for at least 4 weeks [220]. The data
about possible influence of oral antihistamines are missing in the literature, but as the IgE-
mediated reactions play important role also in the induction of APT skin reaction, it is
probable that this therapy should be discontinued according to the half life of particular
preparation. No information is available concerning oral antihistamines. Considering late-
phase reaction of the APT, no influence would be expected, however, erythema may be
decreased. Therefore, antihistamines should be withdrawn at least 72 h prior to the APT
(depending on the substance) [105, 220]. It was showed, that also the application of topical
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immunomodulators (tacrolimus, pimecrolimus) has significant influence on the test results, so
it is necessary to avoid also this kind of topical treatment [41, 105, 220]. For general
precautions, patients should neither be in an acute flare-up stage of AD, nor should pregnant
patients be tested [105, 219].

The data about the withdrawal of systemic and topical medications are usually missing in
the published studies. Several authors discontinued the use of all topical and systemic anti-
inflammatory agents (oral and topical corticosteroids, antihistamines) for at least 48 hours
[161], 72 hours [17, 80], 5 days [42] or 1 week [25, 34, 166, 201]. Bygum et al. [25]
recommended the patients to avoid the sun-bathing for at least one month prior to testing.

O. Modulation of Atopy Patch Test Results with Medicaments

The APT is a reproducible model for the study of allergic inflammatory reactions in
atopic dermatitis. It can be also used as a model for monitoring the capacity and effect of
topical treatment. Several studies have investigated the possible modulation of the APT by an
anti-inflammatory skin treatment.

Langeveld-Wildschut et al. [114] investigated the macroscopic and microscopic effects of
skin pretreatment with topical glucocorticosteroids (triamcinolone acetonide 0.1%) and tar
(pix liquida 10%) on the APT reaction in AD patients. Treatment with both corticosteroids
and tar was able to reduce the macroscopic outcome of the APT reaction. Furthermore, both
treatment modalities had an almost equally inhibiting effect on the influx of T-cells,
eosinophils and CD1", RFD", IFN-y", and IL-4" cells, as well as on the percentage of vessels
expressing the adhesion molecules vascular cell adhesion molecule 1 and E-selectine in
response to epicutaneous aeroallergen challenge. Although both pretreatments significantly
reduced the various cellular constituents of allergic inflammation, all cell types remained
present. In addition, this study showed that the APT can be used to evaluate the effect of
topical anti-inflammatory treatments on allergic inflammation in AD patients. APT has also
been employed as a model for the initiation phase of AD in order to assess whether
pretreatment of non-lesional skin with fatty acid-rich emollient has a prophylactic effect in
patients with AD [10]. Pretreatment of the APT sites with emollient either prevented or
diminished the development of eczema, as compared with untreated control test sites in the
same patients. These results indicate that the use of fatty acid-rich emollients prevents the
development of atopic eczema. The APT can be used to assess the capacity of a given
regimen to exert prophylactic effects in this disease [10]. The effect of 1% pimecrolimus
cream on the APT and SPT was studied and it was observed that the pretreatment with 1%
pimecrolimus cream has a potential to suppress the development of lesions induced by
aeroallergens exposure in patients with AD. This pretreatment also decreased the intensity of
the APT reaction on the re-testing [237]. Oldhoff et al. [155] investigated the potential effect
of monoclonal antibody to IL-5 — Mepolizumab on the APT in the AD patients. Mepolizumab
treatment was given at days 0 and 7 in a double-blind placebo-controlled trial in 43 patients.
The Mepolizumab-treated group showed no significant reduction in macroscopic outcome of
the APT. There were no changes neither on the microscopical level between two studied
groups. This therapy cannot prevent the eczematous reaction induced by the APT. In another
study of the same group [154], the skin before the APT was pretreated once daily for 3 weeks
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with another topical immunomodulator — 0.1% tacrolimus, cetromacrogol ointment (placebo)
or triamcinolone acetonide 0.1% ointment (positive control). Pretreated with tacrolimus did
not suppress non-lesional skin infiltrate in contrast to triamcinolone acetonide. Furthermore,
tacrolimus did not inhibit the induction of the APT macroscopically. An equal influx of
immunocompetent cells (T-cells, eosinophils, dendritic cells, CD64" and FceRI™-cells) were
present compared with placebo. All cell types were significantly inhibited in triamcinolone
acetonide-treated skin compared to placebo. The conclusion was that pretreatment with
tacrolimus 0.1% ointment does not inhibit the APT reaction in patients with atopic dermatitis.
Future studies are necessary to define the preventive potential of tacrolimus on non-lesional
skin in AD.

Atopy patch tests can be used to evaluate the therapeutic and protective effect of the
topical anti-inflammatory treatments. To get clinical relevant APT results, very important is
the withdrawal of topical anti-inflammatory drugs before the APT testing to avoid the false-
negative reactions. It is therefore recommended that the topical corticosteroids, tar and topical
immunomodulators should be withdrawn for at least 2 weeks before the APT is performed.
The practical consequence is that the APT should be performed on skin with no previous
local treatment [220].

P. Standardization of Atopy Patch Test

The methodology of epicutaneous testing with aeroallergens and standardization of test
material have been extensively worked out in recent years by the group of Ring and Darsow
[40], but the standardization of APT with foods needs still much work before it can be
recommended for routine clinical diagnosis. The weakness of APT with aeroallergens is the
lack of a provocation test: the sensitivities and specificities are calculated by comparison with
clinical symptoms or clinical history, which are not enough reliable. In food allergy the oral
challenge test makes the cornerstone of diagnostics, but as a test it is not completely
standardized and therefore the sensitivity and specificity numbers are not always comparable
[218].

Atopy patch test with food allergens may increase the identification of food allergy in
patients with AD in the following cases [220]:

e Suspicious of food allergy without predictive specific IgE levels or a positive SPT;
e Severe and/or persistent AD with unknown trigger factors;
o Multiple IgE sensitizations without proven clinical relevance in patients with AD.

In Europe, the efforts for the standardization of aeroallergen APT are coordinated in the
European Task Force on Atopic Dermatitis (ETFAD) which has also performed and
published an extensive multicenter trial [42]. A novel technique for APT with cow’s milk in a
commercially available test kit was recently introduced in France (Diallertest®) and compared
with classical APT. The results showed good specificity and sensitivity with no side effects
[101]. However, to date, the APT with foods is not well standardized and different methods in
preparing the test material are likely to cause controversial results. Most studies with foods
have been performed with cow’s milk, hen’s egg, and wheat flour. Until validation data are
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available, fresh food should be preferred for testing over commercial extracts, what was
showed also in our study [176]. For the future, the use of recombinant proteins, some of
which are available, might be interesting [218]. Atopy patch testing with standardized
foodstuffs of known allergen contents would greatly improve the quality of future studies of
this kind. This would also facilitate comparison between different studies and centers, and
enable follow-up of reactivity in individual patients over time [211]. Further investigations of
diagnostic capacity of the APT in patients of different age groups and clinical symptoms are
necessary. Studies of the repeatability of tests in the same patient and trials with duplicate
tests should also be performed. A standard technique for APT should be established more
detailed and criteria for positive results agreed upon. The solvent that the best enhances
allergen penetration should be found. Test materials with standardized known composition
and major allergen content should be available and their diagnostic accuracy at different
concentrations documented. Test materials, such as fresh food and freeze-dried extracts
should be investigated to see which material gives the best response, and this should be
standardized [211].

During the atopy patch testing, the skin should be clean, healthy, and free of ointments,
lotions, powders, acne, dermatitis, scar, hair or any other condition that may interfere. During
the application, the patient should stand or sit in a relaxed position with the back bent slightly
forward. The prepared patches should be applied to the upper back adjacent to the vertebrae.
An alternative site is the outer surface of the upper arm. Patient should refrain from exposing
patch tests to excess moisture or sweat and should be return for patch test removal after 48
hours. It is useful to mark the strip or chamber location prior to removal. After the removal of
the patches, the good occlusion should be checked (the ring-shaped depression around each
test). The reaction should be read not less than 20 minutes after removal. A second and final
skin reaction reading should be performed at 72 hours after patch test placement. Observing
the changes in skin reactions may help differentiate allergic from irritant reactions. Very
useful is the reading with provided Finn Chambers reading plate, which helps locate test sites
and identify reactions.

In some studies, the APT were performed before the initiation of the elimination diet
[46], during the elimination diet before the OFC [106], or 2 weeks after the milk challenge
[230]. However, it seems that the APT could be performed independently from elimination
diet and should be read by experienced physicians, since some skin reactions should be
assessed very detailed and carefully taking into account also the possibility of irritant
reactions.

Contemporary standardized APT technique involves (Figure 6):

e Testarea: upper back, healthy, non-eczematous skin;

e Test area without pretreatment or preparation (tape-stripping, scratching, scalpel
abrasion, no chemicals, detergents, medicaments);

e Large aluminium cups Finn Chambers (12-mm) placed on hypoallergenic tape;

e Allergen concentration standardized in biologic units (200 IR/g), protein nitrogen
units (5 000- 7 000 PNUY/g) or in pg/mL (major allergen content). For foods the use
of undiluted, fresh native foods is recommended;

e Occlusion time of 48 hours;
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o Readout 20 minutes after the application for the presence of immediate reactions and
at 48 and 72 hours from the beginning of the testing for the final evaluation;

e Evaluation of the skin reactions according to the reading key of International Contact
Dermatitis Research Group (ICDRG) or European Task Force on Atopic Dermatitis
(ETFAD) (figure 7).

[ EAACI Protocol for Atopy Patch Test 1

{Test area: upper back, healthy, non-eczematous skin

[Test area without chemical or physical pretreatment

Allergen concentration standardized in biologic units (200 IR/g),
protein nitrogen units (5 000-7 000 PNU/g) or in pg/mL
(major allergen content).

)
}
{ Large aluminium cups (12-mm) on hypoallergenic tape }
J

For foods the use of undiluted, fresh native foods is recommended

Occlusion time of 48 hours

Readout 20 minutes after the application and at 48 and 72 hours

European Task Force on Atopic Dermatitis (ETFAD)
Turjanmaa K et al. Allergy 2006; 61: 1377-1384.
Kerschenlohr K et al. Cur Allergy Asthmy Rep 2004; 4: 285-289.

[Evaluation of the skin reactions according to the reading key of }
[ ]
[ )

Figure 6. EAACI Standardized Protocol for Atopy Patch Test.

[ETFAD Reading Key for Atopy Patch Test

revision on October 15, 2003

A

[ Turjanmaa K et al. Allergy 2006, 61: 1377-1384.
[ Kerschenlohr K et al. Cur Allergy Asthmy Rep 2004; 4: 285-289.

o)
2 [ - } [Negative, no visual reaction }
i?
?:-’ [ ? } [Questionable, only isolated erythema }
=
—
[ + } [Erythema and palpable infiltration }
)
.E [ ++ ] [Erythema and < 3 papules ]
oy
)
& [ +++ } [Erythema and 2 4 papules/spreading papules }
L ) [ ++++ } [Erythema and vesicles }
]
]

Figure 7. Revised Reading Key for Atopy Patch Test.
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The present standardized reading key was revised according to the 2003 ETFAD Meeting
protocol. This key has more options to describe the different morphology of positive APT
reactions. It would seem more important to distinguish clear-cut positive reactions from
negative or questionable ones, since only reactions showing papules or at least some degree
of infiltration could be correlated to clinical relevance [36-38, 80, 143]. Thus only
erythematous reactions without palpable infiltration are being considered as questionable and
repetition of the test is recommended in these cases. For low reaction intensity (persisting
oedema without papules) there is still a need for further studies to clarify clinical relevance. In
the study of Heine et al. [80] with food APT in children with AD and suspected FA, the
presence of both infiltration and at least seven papules had the greatest diagnostic accuracy
for predicting the outcome of DBPCFC.

It is very important to take into consideration also the exclusion criteria for atopy patch
testing to obtain representative and relevant results (figure 8) [37, 41, 105, 220]:

e Test site free of topical steroids for 7 days;

Test site free of topical immunomodulators (pimecrolimus, tacrolimus);

Test site without ultraviolet treatments for 4 weeks;

Patient free of oral steroids;

Patient free of oral cyclosporine A or oral tacrolimus;

Avoidance of antihistamines for at least 72 hours prior the APT (according to the
substance);

Non-pregnant;

Patient without acute flare-up stage of atopic eczema.

( Exclusion Criteria for Atopy Patch Test 1

[Test site free of topical steroids for 7 days

Test site free of topical immunomodulators
(pimecrolimus, tacrolimus)

[Test site without ultraviolet treatments for 4 weeks}

{Patient free of oral steroids

{Patient free of oral cyclosporine A or oral tacrolimus

Avoidance of antihistamines for at least 72 hours prior
the APT (according to the substance)

Turjanmaa K et al. Allergy 2006; 61: 1377-1384.
Kerschenlohr K et al. Cur Allergy Asthmy Rep 2004; 4: 285-289.

)
[ Non-pregnant }
J
)
]

[Patient without acute flare-up stage of atopic eczema
[
[

Figure 8. Exclusion criteria for atopy patch testing.
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Q. Studies on Control Subjects

The major flaw of the presented studies is the lack of negative control group (non-allergic
healthy children without AD), which causes the difficulty to reveal the real diagnostic
sensitivity and specificity of APT used in many studies.

Osterballe et al. [158] performed APT with HE and CM in 486 Danish children with
suspected food hypersensitivity. Although in the name of this paper this children population
was marked as “unselected”, in reality, all the children were selected according to some
symptoms suspected of the relationship with FA. There was no atopic dermatitis in 381
children who could be regarded as negative healthy controls. Only three children were
positive in APT with HE or CM and negative in SPT with the same allergens, and 27 subjects
showed specific IgE to HE and 2 of them were also APT positive. In children with negative
sIgE irritant APT reactions were present in 24/312 for CM (7.69%) and in 29/294 for HE
(9.86%). The numbers of healthy, non-atopic, non-eczematic volunteers in the APT studies is
usually small: 6 [140], 8 [92], 10 [34, 42, 79], 16 [98], 25 [25], 32 [192], or 85 [111]. In all of
these studies, no positive reactions to aeroallergens or food allergens were observed. The
majority of the studies did not include any healthy controls [8, 16, 17, 32, 60, 67, 93, 124,
125, 172, 180, 204, 207, 208, 230].

Certain numbers of positive APT with aeroallergens were reported also in patients with
atopy without AD [87-91, 191, 192] and in healthy persons [27, 62, 84, 87-91, 111, 125, 192,
194] what raised the question about the specificity and the clinical relevance of positive APT
results. It seems that APT with aeroallergens is more specific for AD, although it is also
positive in a portion of non-AD subjects [91].

Chang et al. [28] found only 1 positive APT with CM in 15 control subjects without CM
allergy. According to Isolauri et al. [92], there is a subgroup of patients with negative oral
food challenge, but with positive SPT and/or APT: 14 to 19% of these patients. APT was
found to be positive in 9% children in control group without CMA, although other food
allergies with gastrointestinal symptoms were not excluded [46].

7. REPRODUCIBILITY OF ATOPY PATCH TESTS

Before any diagnostic test is applied in routine clinical practice its results must meet the
criteria for reproducibility. The studies on APT reproducibility leave important unsolved
issues because of peculiar study design (including retesting at variable intervals only of
subjects with positive test results), small numbers of studied subjects, variable quality and
concentrations of allergens, and non-homogenous criteria for reading and reporting positive
results. APT performed in parallel with the same allergen in the same individual has been
found reproducible for chemical substances [12, 118, 131, 189] but the results varied from
absolute agreement [66, 111, 194] to very poor reproducibility [25, 81, 87, 90]. Results from
studies comparing two APT performed at different times in the same individual (overtime
reproducibility) are less reproducible than tests performed at the same time in two different
skin sites [22, 25, 69, 81, 91, 121, 132].

The reproducibility of the APT may dependent on several factors, such as concentration,
type and number of allergens [34, 40, 111]. From classic contact patch testing with chemicals
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we know that the reproducibility decreased the more positive reactions have occurred
simultaneously at the first test, when tested in close proximity to another positive allergic
reaction (“*spillover”) and when a strong irritant is included in the test series [14, 134]. These
can be reasons for induction of a generalized state of hyperreactivity, the so-called *“angry
back” syndrome or “excited skin” syndrome. In this state of hyperreactive skin, doses of
substances that normally cause no reaction may lead to an inflammation. Also a subclinical
inflammation where eczema is not visible can cause a hyper-reactivity of the skin which again
provokes an excited skin syndrome, which may lead to positive patch tests on initial testing
that are negative on retesting [134]. Reproducibility is dependent on the dose of tested
allergen as well [25]. It is well known, that skin reactivity to allergens may show time-
dependent variations, because new sensitizations may be acquired or lost with time.
Moreover, in sensitized subjects, responses to APT may vary according to the factors
modulating the local or the general immunologic state, inducing transitory skin hypo- or
hyperreactivity [200], and this may influence the results and give rise to poor reproducibility
when testing at different time points. Simultaneous skin contact on different areas of healthy
skin should give the same response if the test material is suitable for absorption by the skin
and comes into contact with the immune system. On the contrary, if the material induces an
irritant reaction or is not properly absorbed by the skin, such responses may show pronounced
variations. Moreover, when applying APT in children, adhesiveness to the back is not
uniform because of the convexity of the scapular area and concavity of the paravertebral
regions. This may also hamper allergen penetration and skin reactivity [66]. The
reproducibility of APT could be influenced also by the selected squeeze dropper bottles.
Selection of dropper bottles should consider drop volume reproducibility, differing drop
volumes for different allergens, and the patch system being used. Important is also
consistency in holding angle of the container since holding vertically produces a larger drop
than holding at an angle. Important is also the volume of the tested material since it is
necessary to provide appropriate volume to reach the optimal saturation of the filter paper
inside the APT chambers. Clinical reproducibility of APT might increase if the dropper bottle
chosen had good drop volume reproducibility and if the drop volume produced by a given
bottle and test solution approximated the desired dosage for the specific patch test chamber
system being used [197].

There are several studies analyzing the reproducibility of APT with aeroallergens.
Heinemann et al. [81] found a reproducibility rate of only 56.3% when retesting 14 (out of
52) with a positive APT to a specific allergen. They used allergens in petrolatum with poor
inter-test agreement. They tested aeroallergens on the back and retested the same allergen on
the forearms 4-12 weeks later. The test agreement between the APTs with allergen from two
commercial sources was poor. Bygum et al. [25] observed satisfactory reproducibility
assessed by Cohen’s « statistic with the values between 0.63 and 1.00 retesting 7 patients with
AD, 12 non-eczematous atopic subjects and 11 healthy volunteers with house dust mite with
an interval of 15 days to 18 months. Darsow and Ring [43] retested patients with
aeroallergens preparation in petrolatum. In 20 patients with AD after 6-12 months 18 (90%)
showed again positive reaction in APT. In another 16 patients retested after 12-24 months, 15
(93.8%) were positive on retesting. In another study, retesting of 5 patients positive on the
first testing with aqueous solution of aeroallergens, all the patients gave positive results on
retesting [113]. Weissenbacher et al. [236] studied the reproducibility of inhalant APT with
inter-test interval of 16 months. The positive APT reactions were highly reproducible,
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occurring in 15/16 (93.8%) patients. The test repeated on the back seemed to be more
reproducible than that applied on the forearms. Memon and Friedman [131] elicited also high
reproducibility rate of 90-95% in nickel allergic patients using classical patch testing on the
back. Moreover, the forearms were clearly less responsive that the back. The possible
explanation could be higher pressure on the patches at various application sites. Increased
pressure on the back by lying in the bed may enhance a penetration of an allergen. Another
reason could be a higher percutaneous absorption through back skin due to higher density of
sebaceous gland and hair follicles [236]. Langeveld-Wildschut et al. [111] repeated
aeroallergen APT in 5 patients after a period of 6 months and achieved again positivity in all
the 5 patients, so the reproducibility rate was 100%. The reproducibility of aeroallergen APT
in the subgroups of AD patients, atopic patients without AD and healthy volunteers was
satisfactory, as the Cohen’s «k values reached the level of fairly to highly satisfactory.
Interesting was a fact, that the extract at 20% showed among these three groups higher
variations in x values than the extract of 30%, with which these values were unvarying [91].
Holm et al. [85] reached reproducibility rate of 79% with APT with Dermatophagoides
pteronyssinus (10/13 patients). In two of the three patients without reproducible positive APT
reaction, the eczema activity at the time of retesting was considerably lower than at the time
for the first APT. The lack of reproducibility in those cases could be due to a stronger skin
barrier at the time of re-testing, which allowed only a small amount of allergen to penetrate,
not enough to provoke an eczema reaction. In patients without detectable levels of specific
IgE in serum, the APT reaction may be a non-IgE mediated eczema reaction provoked by
proteases in the house-dust-mite extract [52]. Furthermore, it is still not clear whether the
reaction could be initiated by infiltration of T-cells as in classic contact dermatitis. Despite
the low amount of IgE in the skin in those patients, it cannot be excluded that there may be a
local IgE-mediated response in the skin, not detectable in serum, but until we have a method
to identify and quantify allergen-specific IgE locally in tissue, this question remains
unanswered [85]. When investigating the concordance of APTs with whole house-dust mites
in 40 AD subjects at a second testing performed at a time interval of 15 days-18 months,
reproducibility was highly satisfactory in AD patients and healthy volunteers (x = 0.83 -
1.00). In a subgroup of non-eczematic atopic patients the reproducibility rate was only
satisfactory (x = 0.63) [87]. Giusti and Seidenari [66] studied right-versus-left reproducibility
in the group of AD patients with Dermatophagoides. The reproducibility rate was 96.7%
expressed with high value of Cohen’s k equal to 0.953 (highly satisfactory). As regards the
agreement in the intensity of APT responses between the right and left sides, they found that
reproducibility was also highly satisfactory (x = 0.851). The agreement between APT with
aeroallergens was similar to that of standard patch tests, and therefore they concluded that
APTs may be considered sufficiently reproducible to be employed as a diagnostic testing
procedure. In another study of the same authors [194], the right-versus-left reproducibility
rate of duplicate APT with Dermatophagoides pteronyssinus and Alternaria alternata was
100% (x = 1.00), so the agreement in the frequency of positive and negative responses
between the right and left sides was 100% for both aeroallergens.

With food allergens there are only 4 short reports on the reproducibility in the literature
[25, 79, 92, 101]. Discordant reactions in duplicate application were seen especially among
the patients concerning SAFT, but also in 4/10 patients without egg allergy but with atopic
dermatitis. The reproducibility of SAFT and APT were lower than in SPT. Taking into
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account an erythema as positive result, the number of discordant reactions in duplicate
application increased [79]. Comparing the accuracy of Diallertest and classic atopy patch test
in diagnosing cow’s milk allergy (CMA), DuPont et al. performed their study on 49 children
with already diagnosed CMA according to the results of oral food challenge. They found
44.8% positive results with Diallertest and 26.5% positive results with classic APT. The test
results were concordant in 67.3% of cases [101, 136]. In the study of Bygum et al. [25] they
retested the subjects with inhalant allergens and fresh CM after 6 weeks. The best results were
achieved with Dermatophagoides pteronyssinus, grass and cat. In APT, comparing the results
with commercially available testing substance with milk allergen and milk powder diluted to
normal feed concentration, Isolauri et al. [92] obtained high concordance (Cohen’s « statistic
=0.86, 95% CI 0.77-0.95).

Our Data

We studied overtime reproducibility in our general population of 118 children attending
two elementary schools in the north of Rome. This population was divided into 3 groups
according to the inter-test interval: group 1 included 40 children (aged 8.41 + 1.55 years; 54%
males) whose APT was repeated after 7 days. 41 children from group 2 (aged 8.54 + 1.50
years; 53.3% males) were retested after 14 days, while in group 3 (37 children aged 8.80 +
0.92 years; 62.5% males) we repeated APT after 21 days.

In group 1, the values of Cohen’s index kappa were very low for both sides of back (k
from -0.071 to 0.481 for the left side and « from -0.053 to 0.481 for the right side). We did
not observe any reproducible APT with cow’s milk, hen’s egg or wheat flour at any side. We
found only 1 reproducible positive APT with tomato on both sides and 1 reproducible
positive APT with wheat flour on the right side. The situation in group 2 was quite similar.
The kappa values, as well the percentage of agreement between two tests on both sides of the
back, were very low (k from -0.071 to 0.643 for the left side and k from -0.070 to 0.474 for
the right side). Cohen’s kappa of 0.643 (satisfactory agreement) was obtained with APT with
wheat flour for the left side, but in reality there were just 2 reproducible positive APT results
(and 37 reproducible negative results). In group 3, we observed 20-40% reproducible results
on the left side (x from 0.221 to 0.528) and 33-40% reproducible APT on the right side of the
back (x from 0.406 to 0.528) depending on the studied allergen (cow’s milk, hen’s egg, wheat
flour). There were no reproducible positive APT with tomato in this group (x = -0.057 for
both sides). The percentage of agreement or kappa values did not significantly improve if we
omitted consideration of the specific side of the back. We didn’t observe any positive skin
reaction to the tested negative control.

We observed two types of results indicating non-reproducibility: there were reactions
positive in the first testing that became negative on retesting and vice versa, the reactions
negative in the first testing and positive in the second testing. While in group 1 we obtained
more non-reproducible results of the first “direction” (positive becoming negative), in groups
2 and 3 we observed the predominance of the second type of non-reproducible results
(negative becoming positive) (table 5). In group 1 the number of non-reproducible results of
the first “direction” (positive becoming negative) was significantly higher that those of
second “direction” (negative becoming positive): p < 0.001 for the left and p = 0.012 for the
reproducible results which became positive than those which were positive upon first testing
and became negative on retesting: in group 2 p = 0.002 for the left and p = 0.55 for the right
side and in group 3 p = 0.003 for the left and p = 0.033 for the right side (figure 9).



Table5. Distribution of two types of non-reproducible APT resultsin thethree studied groups

Group 1 Group 2 Group 3

(retesting after 7 days) (retesting after 14 days) (retesting after 21 days)

CM | HE | TO | WF CM | HE TO | WF CM | HE | TO | WF
Left side of the back
1% pos. 8 4 2 3 1 0 0 0 2 0 2 1
2" neg. (20%) | (10%) | (4.9%) | (7.5%) | (2.4%) (5.4%) (5.4%) | (2.7%)
1% neg. 1 2 0 1 2 6 2 2 6 6 2 2
2" pos. (2.5%) | (5.0%) (2.5%) | (4.9%) | (14.6%) | (4.9%) | (4.9%) | (16.2%) | (16.2%) | (5.4%) | (5.4%)
Right side of the back
1% pos. 7 2 2 2 1 2 1 2 2 0 2 1
2" neg. (17.5%) | (5.0%) | (4.9%) | (4.9%) | (2.4%) | (4.9%) | 2.4%) | (4.9%) | (5.4%) (5.4%) | (2.7%)
1% neg. 1 2 0 0 1 3 1 4 4 6 2 2
2" pos. (2.5%) | (5.0%) (24%) | (7.3%) | (24%) | (9.8%) | (10.8%) | (16.2%) | (5.4%) | (5.4%)

CM cow’s milk; HE hen’s egg; TO tomato; WF wheat flour; neg. negative; pos. positive
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According to our results, further investigation of the reproducibility of APT with food
allergens is needed. In atopy patch testing with food it is necessary to establish an optimal
allergen source, concentration of main allergen and procedure of testing material preparation
that would lead to more reproducible results. If significant reproducibility of retesting at the
same time or after certain period of time is established, the clinical validity of APT with food
allergens will become more stable and evident. Some contribution to the improvement of
APT reproducibility could add also the introduction of clinical non-invasive measurements
for objective assessing the visual outcome of APT. The development of optimal testing
material for food atopy patch testing is one of the final steps of the standardization process of
this diagnostic procedure.
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Figure 9. Differences in the prevalence of the two types of non-reproducible results.

8. SIDE EFFECTS OF ATOPY PATCH TESTS

There are only a few comments on side-effects using the APT. In general, no side effects
are usually observed in the clinical studies, although several sporadic reports on the side
effects could be found in the literature (figure 10). In 6 children in the study of Niggemann et
al. [140] developed acute local urticaria and itching (contact urticaria) 5-15 minutes after
administering the APT (all with egg allergen). In 3 of 10 patients developed a systemic
reaction (erythema, itching, urticaria and/or eczema outside the testing area) during or shortly
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after SAFT application, and this patients were consequently excluded from further testing
with APT where we could expect the same kind of side effects. Other side effects of APT
were severe urticaria and rhinoconjunctivitis shortly after application of APT with HE on the
back [79]. In 3 subjects with proved HE allergy, the immediate type reaction was elicited by
APT and the further testing was stopped [158]. No systemic reactions have been observed in
the 400 patients APT tested indicating it to be a safe procedure. Only local adverse effects in
patients with strong APT positivity were observed and the application of topical
corticosteroids resolved these problems in 2-3 days [16]. In some children infiltration and
redness of the APT area remained up to 2 months after allergen application. This was most
often seen with cereals [211, 230]. During APT, few infants with strong local patch test
reactions suffered from exacerbation of the present eczema elsewhere in the skin [103]. Large
extensive erythematous reactions around the cup were observed by Keskin et al [106]. In
another study, among 253 patients tested, 11 (4.35%) showed local eczema flare, two (0.79%)
contact urticaria, two (0.79%) irritation from adhesives, two (0.79%) bronchial asthma and
systemic reactions. None of the reactions was regarded as a severe side-effect [39]. In 314
patients reported by Darsow et al. [42], adverse effects were recorded in 7.7%. They were
mostly mild, including local flares, contact urticaria, irritation from adhesive tapes and local
itching. Conversely, some authors did not record irritation reactions to the adhesive tape used
for application of aluminium cups [8]. Several authors did not observe any side effects during
the APT application [101, 123, 124, 136, 166, 172].

It is possible, that with some allergens (hen’s egg, tomato) the side effects could be
observed more frequently than with the others (cow’s milk). Although the side effects of APT
testing are uncommon, APT should not be performed if the underlying skin is inflamed [206].
In some children suffering from severe forms of AD, it is not possible to provide skin testing
because of extent of eczematous flares or impossibility of medication discontinuance [92].

Side Effects of Atopy Patch Tests

Local side effects

Contact urticaria and local itching

Irritation from adhesive tapes

Persisting redness and infiltration of the APT area

Rhinoconjunctivitis

Exacerbation of bronchial asthma

Systemic reaction

| |
[ )
{ )
{ )
{ )
{Exacerbation of atopic dermatitis flares in and out of APT area}
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{ J
[ )
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Possibility of percutaneous sensitization

Figure 10. Side effects of atopy patch testing.
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Our Data

To investigate the frequency of side effects of food APT, we analyzed APT with fresh-
food allergens in an unselected children population divided into 2 groups according to the
APT set used. In group A (275 children, aged 8.71 + 1.43 years, 54.1% boys), we applied
food allergens with plastic quadratic cups on hypoallergenic textile tape of 10-mm diameter
(Finn Chambers, Haye’s, Alphen, the Netherlands). In group B (228 children, 8.16 + 1.74
years, 47.2% boys), we used fine blotting paper circles on transparent adhesive tape (Curatest,
Lohman & Rauscher SRL, Padova, Italy) for allergen’s application. We tested 4 fresh-food
allergens in their native form (cow’s milk, hen’s egg, tomato, wheat flour). The most common
side effects were contact urticaria and itching, which were observed in 2.2% of the children in
group A and in 3.5% of the children in group B (p=0.530). In one child from group A
suffering from bronchial asthma, we noticed respiratory problems that disappeared after the
removal of the APT set from the back. Although we observed irritant reaction due to adhesive
tape of the set only in 1.1% of the children in group A, we noted progressive irritation in
6.6% of the children studied (p=0.002) in group B. According to this, Finn Chambers are
more suitable that Curatest for testing the food allergens [95]. In conclusion, APT is a
diagnostic procedure with minimum side effects.

9. SENSITIZATION DURING ATOPY PATCH TESTING

The possibility of transcutaneous systemic sensitization during atopy patch testing is
widely discussed, but only a few data are available on this topic. The skin is directly in
contact with environmental molecules which are present in the air or directly in contact with
the epidermis. Despite the assumption that it has a barrier function which could prevent the
penetration of molecules, the skin is permeable to all substances from the low molecular
weight xenobiotics to the high molecular weight proteins. Only the degree of permeability
varies depending on the physiological state of the skin and chemical properties of applied
molecules. Recent insight into the pathophysiology of allergic skin diseases have shown that
allergen penetration is not the major factor in explaining why some patients become allergic
while others maintain an immunological tolerance to the penetrating molecules. Indeed, the
functional properties of some allergic molecules able to induce activation of innate immunity
appear to be far more important in the development of allergy than their ability to penetrate
the skin easily. However, the main group of atopy patch tested patients represents AD
subjects. The principle cutaneous alterations concern the epidermis and in particular the horny
layer and are responsible for the dry skin (xerosis) which is characteristic of the condition.
The stratum corneum in AD patients is finer than in normal subjects and contains fewer
intercellular lipids. The lamellar organization of the corneocytes is altered. The alteration of
the skin barrier in AD patients is shown by reduction in the water-content of the stratum
corneum and by the increase in transepidermal water loss. These anomalies are observed in
the inflammatory zones, but also in the skin areas with a clinically normal appearance. The
alterations of this barrier are considered by some as a primitive, genetically determined
abnormality (innate alteration) accelerated by permanent aeroallergens penetration causing
chronic inflammation. This increases the quantity of allergens which are able to penetrate,
resulting in a vicious circle and perpetuating the eczema lesions [5].
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It is evident that during APT, it comes to the disturbance of the skin barrier [65] which is
expressed and confirmed by the measurement of transepidermal water losses. Interesting
findings brought the study of Bygum et al. [25] where a significant positive correlation was
found between a positive APT, allergen dose and increase in transepidermal water loss and
erythema. Allergens that repeatedly come into close contact with the skin over extended
periods of time are especially likely to induce sensitization through the skin. Cutaneous
exposure to food antigens is strongly dependent on eating habits. In children, especially
infants, however, there is strong exposure of the skin to foodstuffs, even when they are breast
fed. Such transcutaneous sensitization may even occur by the use of cosmetics and bath
additives containing vegetable oil, such as peanut or olive oil, although such oils do not
contain high amounts of the respective food sources [31]. All the applied allergens can during
the testing enter the skin in sufficient amounts and in immunogenic form [182]. Protein
antigens from various foods also penetrate into and through the skin in sufficient amount, a
fact that is exploited for diagnostic purposes by rubbing foodstuff on the skin and that is
obvious from protein contact urticaria, which is frequently caused by protein allergens in food
[13]. The skin is ideally suited for the de novo induction of primary immune responses, as it is
the outer surface of the body and is exposed to multifarious pathogens. All the food proteins
penetrating the skin are able to provide all the necessary co-stimulatory signals to activate
naive T-cells fully and thereby initiate primary antigen/hapten-specific immune responses.
However, it has not been determined whether the skin is also able to induce specific immune
responses to protein allergens relevant to atopic diseases and whether immune responses
initiated in this way would also lead to allergen-specific IgE production, indicating an
immune response that is typical of atopic diseases. In the animals model after epicutaneous
application of allergen a significant allergen-specific IgE in blood was observed. Substantial
amount of IgE was produced in the skin-draining lymphoid tissue, e.g. in the skin-associated
immune system, so-called SALT (skin-associated lymphoid tissue). All these experiments
clearly indicate that not only sensitization to protein allergens, but also immediate-type
allergy resembling atopic immune responses can occur through the skin after epicutaneous
exposition to various protein allergens. Primary immune responses to protein allergens can be
induced through the skin (at least in animal models). These immune responses can lead to
allergen-specific IgE production and increased total IgE levels. Cutaneous hypersensitivity
reactions also result from this way of exposure. Primary sensitization to protein allergens,
which are relevant to atopic diseases like aeroallergens or food allergens, can take place
through the skin at least in animal models, but is likely to occur also in man. What
contribution is made by cutaneous allergen exposure leading to primary sensitization, or by
only secondary allergen exposure, to the induction, continuation, differentiation, and outcome
of human allergic responses associated with atopic diseases in general and atopic eczema in
particular requires further investigation. But already from the evidence available today, it is
possible to say that cutaneous allergen exposure should be taken into consideration more
seriously when allergen-avoidance strategies and preventive measures are planned, as well as
when therapeutic regimens are developed. There are several possible effects of allergens after
expicutaneous exposure on the immunologic response in the body (figure 11) [182].
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Figure 11. Effects of cutaneous allergens exposure.

It was showed, that it is possible to immunize an animal with only cutaneous exposure to
high molecular weight proteins with the induction of specific IgE and the development of the
inflammatory lesions of atopic dermatitis [203]. A small cohort study has suggested that the
use of peanut-containing creams was more common in children who subsequently became
allergic to peanut than in control infants [109]. It was also suggested, that food allergy and
eczema may just represent distinct organ manifestation of a common systemic allergic
response [190]. It may be that a common exposure exists for both diseases. Antigen exposures
at mucosal surfaces, such as the gut, nose and lung, generally leads to immunological
hyporesponsiveness [235]. In contrast, antigen exposure through barrier-disrupted skin results
in strong T2 immunity, and may play an important role in giving rise to various allergic
diseases. In the study performed by Strid et al. [209] epicutaneous exposure to peanut protein
induced potent Ty2-type immunity with high of IL-4 and serum IgE. Primary skin exposure
prevented the subsequent induction of oral tolerance to peanut in an antigen-specific manner.
Upon oral challenge, mice became further sensitized and developed strong peanut-specific 1l-
4 and IgE responses. Furthermore, animals with existing tolerance to peanut were partly
sensitized following epicutaneous exposure. It was demonstrated that primary sensitization
can occur through the skin [83, 203, 210, 234]. Vaali et al. [229] observed on murine model
of food allergy effective production of mucosal mast cell protease-1 together with specific
IgE and IgG1 as a response to the epicutaneous exposure to protein allergen (ovalbumin)
without immunostimulatory adjuvants.

In another study conducted by Soury et al. [202], the localization of B-lactoglobulin
delivered into the skin by an innovative ready-to-use APT E-patch® was investigated. After
24 hours, 92% of B-lactoglobulin remained on the skin. The iterative skin stripping showed a
135-fold higher concentration of p-lactoglobulin in the stratum corneum than that found in the
epidermis-dermis. Analysis of the solution in the receiver compartment by radioactivity
assays or immunoassays indicates that intact protein did not cross the skin. Authors
concluded that new ready-to-use E-patch® system allows native p-lactoglobulin to concentrate
in the stratum corneum, in the vicinity of immunocompetent cells, but does not lead to its
systemic delivery. Therefore, it was suggested that this delivery system creates ideal
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conditions for promoting a positive topical response with reduced risk of systemic
anaphylactic reactions caused by the native form of the B-lactoglobulin. Small peptides can be
effective immunogens when applied on to bare skin with a suitable adjuvant. These
observations indicate that the skin barrier can be breached by different types of antigens that
induce humoral and cellular immune responses in human [68, 159]. The diffusion of an
antigen through the stratum corneum is dependent on its physicochemical properties and its
molecular interactions with skin constituents. This could explain the differences in
immunogenity of several antigens after their application onto bare skin [159].

Interesting was a finding done by Langeland [110]. A positive APT reaction to birch
pollen was successfully transferred passively to a non-allergic-recipient, suggesting that the
positive reaction may depend upon sensitizing factor (s) in the serum.

The risk of allergy to food proteins in cosmetics and topical medicinal agents is poorly
understood. A clear and accurate identification of food allergens in cosmetics and topical
agents are necessary. Given the hyperpermeability of infant skin, topical products containing
food proteins of known allergenicity are contra-indicated in neonates, and for infants with
AD, which may be associated with skin hyperpermeability [31].

There is no doubt that eczema lesions can be triggered by cutaneous exposition to
allergens as patients develop eczema on contact with allergens applied as atopy patch tests.
The possibility that patients can be directly sensitized by cutaneous exposition to these
allergens is more controversial [5]. APT can disturb the barrier function of the skin [65] and
there is a potential risk of transcutaneous allergic sensitization of the subjects tested [31, 210],
it is necessary to perform this test only when it is indicated. Although the APT seems safe,
some highly sensitized children cannot be tested by APT. Further studies are necessary to
determine if these mechanisms play a role in the development of AD in man and if the
cutaneous penetration of allergens is nor only responsible for the expression but also the
induction of allergic immune responses.

CORRELATION OF ATOPY PATCH TEST RESULTS TO
CLINICAL FEATURES

It is very important to know and analyze the detailed relationships between positive APT
results and various personal characteristics of tested subjects (age, gender, present disease,
family history for atopy) or the results of the other tests used in the diagnostic work-up of
food allergy and atopic dermatitis (measurement of food- and inhalant-specific IgE levels in
serum, skin prick tests or oral food challenge, especially double-blind, placebo-controlled oral
food challenge). Only through this analysis we can see the real position of the APT and
clinical relevance of its results.

A. Atopy Patch Test and Specific IgE Measurement

Many studies investigated the relationships between total IgE levels or specific IgE levels
in serum and the results of APT. In general, a high serum IgE level is predictive for positive
APT results, which argues for a role of IgE in development of the APT lesions. However,
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approximately 7% of AD patients have positive APT results without specific IgE in serum or
positive SPT. Especially in such patients, the APT might play the deciding role in detection of
a relevant sensitization [43, 104]. The APT seems to have a better specificity than IgE
methods and seems to reflect late-phase clinical reactions [140]. Positive SPT and/or high
levels of specific IgE in serum are not a prerequisite for a positive APT responses as regards
to the relevance of APT on the basis of the history of aeroallergen-triggered AD flares, APTs
proved to have higher specificity (lower risk of false negativity) and lower sensitivity (higher
risk of false negativity) than SPT and sIgE [216].

Studying APT with food allergens, Keskin et al. [106] did not observe significant
differences in total serum IgE among the patients with positive or negative APT with CM. No
association was found between the atopy patch test result and the presence of CM-specific
IgE in serum [230]. Conversely, according to Chang et al. [28] exists a highly significant
correlation between the positivity in APT and sIgE to the same food allergens (hen’s egg,
cow’s milk, soybean milk). In the study of Darsow et al. [39, 42], the association between
positive APT and sIgE to certain allergens was demonstrated, which suggests, that allergen-
specific IgE have a role in the development of eczematous skin lesions after allergen contact.
The children with positive APT with CM had significantly higher serum levels of CM-
specific IgE than those with negative APT. This may be because of the presence of
Langerhans cells bearing specific IgE in the epidermis [85, 113]. In the study of
Weissenbacher et al. [236] a concordance of positive APT with the allergen-specific IgE
antibody titer in 12/15 patients (80%) was observed.

There are more data in the literature describing this relationship for aeroallergens. The
patients who had positive APT reactions had a statistically higher total serum IgE level and
also allergen specific IgE in comparison with those subjects with negative APT results [111].
van Voorst Vader et al. [228] also found more positive APT reactions in patients with high
serum IgE (> 1000 kU/L). Langeveld-Wildschut et al. [111] found that the group of APT-
positive patients with aeroallergens showed a statistically significantly higher allergen-
specific serum IgE levels than did the group of subjects with negative APT reactions. This
association suggests an important role for sIgE in the reaction mechanism behind the APT.
The elevated IgE levels in serum were associated with a higher probability of a positive APT
to aeroallergens, which indicated a potentiating ability of the IgE in the APT reaction [84].
This positive correlation between positive APT results and specific IgE levels for
aeroallergens was confirmed by many authors [34, 70, 81, 213, 228]. More complex
relationship between APT reactivity, specific IgE and morphologic findings were described
by Imayama et al. [86], who divided patients into four groups: two groups with positive APT
reactions and high or low mite-specific IgE, and two groups with negative APT reactions,
with or without specific IgE. It was noted that clinical morphologic findings were peculiar to
three of the groups. The authors concluded that dust mite antigens may be involved in the
development of skin lesions. Conversely, Gutgesell et al. [75] were not able to find any
correlation between a positive APT with Dermatophagoides allergens and the positivity of
sIgE in serum. They concluded that APT alone should not be an indicator to undertaken
allergen exclusion measures in AD patients.

It seems that high level of allergen-specific IgE in serum is not mandatory for a positive
APT reaction. This allows the conclusion that the APT may provide further diagnostic
information in addition to patient’s history and SPT and in vitro test results [34].
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B. Atopy Patch Test and Skin Prick Test

Another skin test widely used in the diagnosis of food allergy and related disorders is
skin prick test with commercially available extracts or so-called prick-by-prick test with
native food allergens. The correlation between the results of both tests (skin prick and atopy
patch test) has been widely studied.

In the study of Stromberg, the APT was found to be a more sensitive method than SPT in
diagnosing FA in children with AD (mean age of the children was 16 months). Sensitivity
(SE) and specificity (SP) of APT was 71% and 97% and of SPT 60% and 97% for egg [211].
Also Niggemann et al. [140-142] in their several studies showed that APT is a useful
diagnostic tool with SE of 55%. Many children with a negative SPT have a positive APT with
CM, which revealed a more sensitive method than SPT or sIgE in serum [45, 47]. In the study
performed by Roehr et al. [172], APT was the best single predictive test for diagnosing CMA
in children with AD. 40% of the studied subjects had positive results on all 3 tests (SPT,
APT, sIgE). APT was found to be more sensitive and specific method than sIgE/SPT in
diagnosing delayed food allergy in children with AD [32]. Saarinen et al. [180] found a
correlation between the positivity of SPT and APT: 58% children with positive APT had also
positive SPT with the same allergen. However, also in this study was a subgroup of patients
with positive APT and negative SPT. In another study, the APT was found to be more
positive among challenge-positive subjects (77%) than SPT (46%). Among these subjects,
there was an important group with positive APT and negative SPT to the same allergen. The
agreement between SPT and APT with the same allergen (egg white, and egg yolk) was from
73% to 77%. APT sensitivity proved significantly higher than that of SPT (79.6% vs.
46.2%); whereas specificity was lower (81.4% vs. 93.2%). According to the data from this
study, combined SPT and APT improves screening for egg allergy in affected children,
identifying 92% of those who were challenge positive. The combined use of SPT and APT
further improves the detection rate, probably because several immunologic mechanisms are
involved in food allergy in AD [67]. Vanto et al. [230] observed a significant association
between positive reactions in the skin prick test and atopy patch test with food allergens (p =
0.02). Concordance between SPT and APT with hen’s egg allergens was found also in
another study [110]. All the strongly positive APT occurred in AD patients with a strongly
positive prick test to the same allergen. In the study of Mehl et al. [130], performing 1700
single APT with four fresh food allergens (cow’s milk, hen’s egg, wheat, soy milk), as a
single parameter, APT showed the best specificity compared with sIgE measurement, SPT, or
both. Combining APT with either the SPT or sIgE measurement resulted in improved
sensitivity and specificity. Decision point for slgE measurement and for the SPT showed
lower values when combined with a positive APT result. Combining all 3 parameters could
not markedly improve the predictive capacity, 100% values were not found in any
constellation. Children with a negative sIgE measurement and a negative SPT result (non-
sensitized children) showed higher specificity values for the APT than those children with 1
or 2 positive IgE results. This interesting finding confirms the indication for the APT in IgE-
negative patients. The specificity was still not high enough to meet the requirements of a
replacement diagnostic test [130]. The sensitivity of SPT and APT, when used alone or in
combination, was better for cereals than for CM. SPT was positive in 23% and APT in 67%
of the children with positive challenge with cereals. Either SPT or APT was positive in 73%
of the children with cereal allergy. SPT was less sensitive than APT in detecting cereal
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allergy, although it was more specific. No false-positive SPT reactions were found in cereal
allergic children, whereas there were 5 false-positive APT reactions. SPT gave the best PPV,
and together with APT also the best NPV. Either skin or patch test was positive in 52% of the
children with CMA. APT seems to be superior to SPT in detecting cereal allergy in the
children population [93]. APT showed considerably higher sensitivity over SPT, what is in
agreement with the dominant delayed-type of allergic reactions usually reported [29]. In
another study, sensitivity of SPT was higher than sensitivity of SAFT or APT which never
exceeded 60%, whereas specificity ranged between 84-95% [79]. Considering only erythema
as positive response, sensitivity of APT was improved, but specificity was reduced because of
an increased number of false-positive reactions. In this study, no advantage of APT or SAFT
in diagnosing egg allergy was found due to lack of reproducibility and reliability. Compared
with SPT, SAFT and APT showed also systemic reactions and were less reproducible. None
of these tests has any superiority to SPT [79]. Conversely, according to the results of Isolauri
et al. [92], in AD we can distinguish IgE-mediated and T-cells-mediated reaction causing the
onset of eczematous skin reaction in SPT and APT testing. Parallel testing with combination
of SPT and APT can significantly enhance the accuracy in the diagnosis of food allergies in
children suffering from AD. Cohen’s kappa statistic for concordance of SPT and APT was
0.03 (95% CI -0.13-0.19), indicating that no agreement better than chance exists between the
two tests with the same allergens and that the two test give discrepant and independent
results. In CMA children with AD, the probability of detecting CMA was significantly higher
with parallel skin testing than with only SPT or APT separately. Many children with negative
SPT results but delayed-onset clinical reactions could be identified by atopy patch testing
[86]. Food-sensitive patients with a delayed reaction to food challenge and negative SPT and
low serum IgE concentrations showed patch test positivity and benefited from skin patch
testing with dietary antigens [92]. This statement was not confirmed by Vanto et al. [230];
although this study was designed very similar to the first one and the same APT method was
used.

However, there are some studies which did not confirm positive correlation between the
outcomes of these two tests. Only 3 of 69 patients (4.3%) had both the skin prick and the
atopy patch test positive simultaneously for CM. In most patch test-positive patients with
CM, the skin prick test for the same allergen was negative [123]. Many patients with a
negative skin prick test result have a positive atopy patch test to cow’s milk. The APT was
more sensitive method than the prick test or sIgE to detect CMA in the study population.
Foods rarely produced positive results on both SPT and APT [205]. In 3 of 10 children with
negative SPT, sIgE measurement and challenge-proved CMA positive APT results were
observed. For soy there were only 1of 9 children with this combination of tests results [130].
The importance of using both test, SPT and APT, documents the fact that there exist a
subgroup of patients suffering from various forms of FA which are negative in skin prick
testing but have positive APT results [123, 124]. APT was found to be more sensitive method
that the skin prick tests in the diagnosis of FA in AD children, especially those under 2 years
of age. This differences were evident especially for wheat (p<0.00001) and rye (p<0.00001),
for CM the statistical significance was lower (p<0.05) and for HE the difference was not
significant. Many children with a negative SPT result have a positive APT result, especially
in the case of cereals [211].

The results of several studies support the use of APT in combination with SPT in the
diagnostic approach to a child with suspected FA-related gastrointestinal symptoms [8, 45,
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47, 169] or in FA-related AD [92, 123, 124, 172, 195]. The combined use of APT and SPT
has a high sensitivity and negative predictive value (NPV), which indicates that false-negative
results are very uncommon, and that FA is highly unlikely when both test are negative.
However, the definitive diagnosis of FA should rest upon the outcome of elimination diet and
following food challenge [8]. Number of procedures could be eliminated by including APT in
the routine clinical evaluation of patients with suspected FA-related gastrointestinal
symptoms. Whereas SPT had a high sensitivity, but low specificity for predicting the outcome
of OFC, APT had a high specificity but low sensitivity. Combining these two tests improves
the overall predictive power [8]. APT with food proteins has been found to be helpful in
diagnosing food allergy in cases where SPT or the measurement of specific IgE in serum
failed [218]. With multi-allergic children adding of APT to the SPT and specific IgE
estimation tests give more information for planning a wide enough elimination diet to get the
skin and gastrointestinal tract symptomless in order to perform the challenge test which
remains the only reliable test for food allergy. In contrast to more standardized APT
methodology with aeroallergens, the sensitivities and specificities of food allergens can easily
be estimated with food challenge tests [218]. APT together with SPT can be used for
detecting polysensitization to multiple foods in children suffering from CMA [93, 103].
Combined SPT and APT significantly increase the chances of early detection of food allergy
in children [32, 92, 123, 124, 140, 172, 211]. The combination of SPT and APT testing can
identify potential causative food that might contribute to the pathogenesis of eosinophilic
esophagitis [204, 208]. In food protein-induced enterocolitis syndrome all the patients had
negative sIgE or SPT, but some of them (3/11) had APT positivity with causal food (fish).
The results on the concordance between the APT and SPT with aeroallergens are also
contradictory. The classical IgE-mediated tests like SPT or sIgE measurement show positive
reactions in the majority of patients with AD [34, 42, 81, 165, 171]. In contrast, the APT was
associated with the more specific information, which patients really experienced deteriorating
of AD after aeroallergen contact. Therefore, the outcome of the APT can only partially be
predicted by SPT, sIgE or history, which alone, or in combination, can only be a substitute for
specific provocation or allergen avoidance measures [42]. In contrast to SPT and slgE, the
APT gives additional information on another pathophysiological aspect, eczematous skin
inflammation [42]. However, APT is not proposed as a single screening test in patients with
AD. Patients with positive patch tests do not necessarily showed positive immediate skin
tests. Non-atopic patients rarely showed positive patch test reaction to Dermatophagoides
pteronyssinus (0.75%) [27]. APT with aeroallergens were seen in about 27% patients with
AD, the most frequently with Dermatophagoides, especially in the severe forms of AD
without complete concordance with SPT [56]. The patients with eczematous reactions after
epicutaneous application of aeroallergens showed also positivity in an immediate-type skin
testing [133]. In the multicenter study of Darsow et al. [42] conducted in 12 European centers,
clear-cut positive APT with all SPT and IgE testing negative was seen in 7% of the patients
with atopic eczema. APT, SPT and slgE results showed significant agreement with history for
grass pollen and egg white. With regard to the history, the APT had a higher specificity (64-
91% depending on the tested allergens) than SPT (50-85%) or slIgE (52-85%). Positive APT
were associated with longer duration of eczema flares and showed regional differences [42].
Positive correlation between SPT and APT with aeroallergens confirmed many published
studies [25, 34, 71, 81, 90, 91, 110, 214]. In several studies a percentage of APT-positive
subjects had a negative SPT [26, 34, 39, 62, 149, 163, 192]. No correlation between
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aeroallergen APT and SPT was observed [33, 56, 61, 73, 125]. The APT was more frequently
positive than SPT not only in the group of AD patients, but also in the group with only
respiratory symptoms. High value of APT in the patients with AD suggested that its routine

might improve also the diagnosis of respiratory allergic symptoms [61].

Our Data

We investigated in our two studies on big unselected population of schoolchildren the
agreement between the results of APT and SPT with fresh food allergens (cow’s milk, hen’s
egg, wheat flour and tomato) and two aeroallergens (Dermatophagoides pteronyssinus, mixed

grasses).

Table 6. Concor dance between the results of atopy patch testsand skin prick tests
with food allergens

Atopy patch tests

Skin prick tests (prick-by-prick method) Positive negative
Positive 0 5 (1.3%)

Cow’s milk Negative 29 (7.6%) 346/380 (91.1%)
Positive 0 2 (0.5%)

Hen’s egg Negative 35 (9.2%) 343/380 (90.3%)
Positive 0 8 (2.4%)

Tomato Negative 14 (4.1%) 318/340 (93.5%)
Positive 0 4 (1.1%)

Wheat flour Negative 22 (5.8%) 354/380 (93.2%)
Positive 0 19 (1.3%)

Al together Negative 100 (6.8%) 1361/1480 (92.0%)

Table 7. Concordance between the results of atopy patch testsand skin prick tests
with inhalant allergens

Skin tests with inhalant allergens
Atopy patch tests

Skin prick tests Positive Negative p
Dermatophagoides | Positive 11 (8.4%) 10 (7.6%)
pteronyssinus Negative 28 (21.4%) 82/131 (62.6%) | 9-027
Mixed grasses Positive 2 (1.5%) 4 (3.1%)

Negative 3(2.3%) 122/131 (93.1%) | 0017
All together Positive 12 (4.6%) 14 (5.3%)

Negative 32 (12.2%) 2041262 (77.9%) | <0:001

In the first study on an unselected population of Italian schoolchildren no concordance
emerged on between positive APT and SPT for foods in eitherchildren aged 9 or those aged
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13 (table 6): none of the 100 positive APT reactions for the different food allergens
concorded with SPT carried out with the same allergen. Conversely, APT and SPT for
inhalant allergens yielded statistically significant concordance: about 50% of the children
who had positive SPT reactions also had positive APT reactions for the same allergen (table
7) [175].

Also in the second study conducted on the population consisted of schoolchildren from
Italy and Slovakia, no concordance between these two skin tests emerged for the same four
fresh food allergens. There were only 5 of 319 children (1.6%) which showed the positivity of
SPT and APT for the same allergens (1 for CM, 1 for HE, and 3 for wheat flour), but 111 of
319 (34.8%) were positive only in APT and negative in SPT [174].

In our two large populations of schoolchildren, we were not able to find positive
correlation between positive APT reactions and SPTs for food allergens, but we observed a
statistically significant association for inhalant allergens. It appears therefore that the results
of APT differ according to the type of allergen tested. Given that SPT with inhalant allergens
evoke a positive reaction by mean of a mechanism linked to IgE, our finding suggest that
APT reaction with inhalants are also in some was produced by this mechanism, but that
positive APT with food take place using other immunological mechanisms. This is in
agreement with pathological findings reported in the literature. Several studies show that APT
with aeroallergens are largely dependent on an IgE-mediated mechanism [42, 81, 85, 153],
whereas in positive APT with foods, skin biopsies detected immunoelements attributable to
all four Gell and Combs reactions [16, 85].

C. Atopy Patch Test and Oral Food Challenge

There is an increasing need to develop test instruments that will make oral food
challenges superfluous in the diagnosis of FA. To reduce the need of DBPCFCs several
studies investigated various combination of allergologic in vitro and in vivo tests to reliably
predict the outcome of oral food challenges.

There are only few trials studying true late eczematous responses, which need 6-48 hours
to develop and may occur only after repetitive ingestion of food. Over the last years, the APT
has become a popular diagnostic tool for identification of food allergy in patients with AD,
but the predictive accuracy remains controversial in different studies and needs further
investigation in big, controlled and randomized trials. The delayed-type allergy is poorly
understood. Cell-mediated reactions may be responsible for delayed-type symptoms [239]. In
different clinical manifestations and reactions types of food allergy are involved distinct
immunologic mechanisms. The delayed-type allergy to foods may also be an IgE-mediated
allergy, even in cases with low total IgE and no detectable specific IgE to foods. The
reactions may occur via high-affinity IgE receptors expressed on Langerhans and dendritic
cells, leading to allergen-specific T-cell responses capable of promoting IgE production and
delayed-type hypersensitivity reactions [128].

Studying the children with wheat allergy, Majamaa et al. [124] found that 20% children
with positive challenge showed elevated wheat-specific IgE, 23% had positive SPT and 86%
of wheat-allergic children had positive APT with wheat flour. The specificities were 0.93 for
sIgE, 1.00 for SPT and 0.35 for APT. APT with cereals significantly increases the probability
of early detection of cereal allergy in infants with AD and is helpful in the planning of
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successful elimination diet before DBPCFC. The specificity of APT was lower than that of
other tests, and therefore the confirmation of the diagnosis with elimination-challenge test is
still essential in patients with positive APT results. In another study of the same group, of the
infants with challenge-proven CMA, 26% showed elevated CM-specific IgE, 14% had a
positive skin prick test and 44% had a positive APT for CM [123]. In the study of Roehr et al.
[172], for evaluating CMA, APT was the best single predictive test (PPV 95%), and the
combination of a positive APT result with evidence of food-specific IgE or an APT result
together with a positive skin prick test response optimized the PPV to 100%. For HE allergy,
the APT was also the best single predictive test with PPV of 94%. The combination of 2 or
more tests did not exceed the APT predictive value. In both CM and HE challenges, the
predictability of oral challenges depended on the level of specific IgE. For wheat allergy, the
APT proved to be the most reliable test and the PPV of 94% could not be improved by a
combination with other allergologic tests. In distinguishing between early- and late-phase
reactions, the APT as a single test showed a convincing PPV and proved to be superior to
evidence of specific IgE or positive SPT results in predicting early reactions. Late-phase
reactions were best predicted by a combination of APT and any level of specific IgE (PPV of
100%). In suspected HE allergy, a positive APT result showed the best results for any
reaction to HE (PPV of 94%) and the combination of APT plus either sIgE or SPT produced
equally good results (PPV of 94%). Evaluating wheat allergy, a positive APT was the best
single predictor of reactivity (PPV of 94%). The combinations of the tests were studied to
discriminate between early- and late-phase reactions. For CM, early- and late-phase reactions
were best predicted by a combination of APT and specific IgE of any level (PPV of 100%).
For HE, early- and late-phase reactions were equally well predicted by a combination of APT
and specific IgE of 17.50 kU/L or greater or by specific IgE levels of 17.50 kU/L or greater as
a single test, resulting in a PPV of 100% [172]. Sinagra et al. [201] studied a group of patients
with CMA. In the whole group they found 16.7% positive APT. In the subgroup on the
elimination diet, 35.5% of the patients were APT positive for CM, whereas in the subgroup of
patients without elimination diet they observed only 10.6% APT. Considering three allergic
tests performed in this study (SIgE measurement, SPT and APT with CM), 50% of the
patients had negative all these tests, 32.8% had only one test positive, 14.5% had two tests
positive and only 2.7% had all positive tests. However, these results do not allow drawing any
conclusion about the possible usefulness of APT in diagnosing food allergies. 26% children
with positive CM challenge were detected only by positive APT, whereas sIgE and SPT were
negative. Patch testing improved the accuracy of skin testing in the diagnosis of FA in AD
[103].

APT is the method with high specificity and sensitivity when investigating the existence
of delayed hypersensitivity to food [211, 218]. APT reactions are usually related to the
delayed-type reactions in food challenge [92, 103, 123, 124, 140,195, 211]. APT is clinically
more reliable than the SPT, especially when testing with cereals [211]. Whereas immediate-
type reactions (urticaria, pruritus, exanthema, vomitus, diarrhea, wheezing, sneezing) are
associated with SPT positivity, delayed reactions (eczema, diarrhea, abdominal pain) are
related to positive responses to APT [216]. APT is an informative and reliable diagnostic test
in evaluating the delayed type allergic reactions [173]. SPT was more often positive (62%)
than APT (35%) in children with immediate reactions to CM, whereas both SPT and APT
were infrequently positive (13% and 40% respectively) in delayed-reaction type to CM [93].
In 7 patients, positive SPT was associated with delayed reaction in the CM challenge. The
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APT was found to be as sensitive as SPT in demonstrating immediate-type hypersensitivity. It
was more sensitive in detecting delayed-type reactions to cereals than SPT. Combining this
two tests increases the test sensitivity in both immediate and delayed reactions. SPT was more
specific than APT in demonstrating immediate-type reactions, whereas APT showed better
specificity than SPT in late-phase reactions. SPT gave the best PPV for immediate reactions
and APT for delayed reactions, whereas APT gave the best NPV for both types of reactions.
Interestingly, SPT and APT with cereals were more frequently positive in children having
only cutaneous symptoms than those with both cutaneous and gastrointestinal symptoms,
although the difference was not statistically significant [93]. SPT was positive in 67% of the
cases with acute-onset reactions to milk exposition, whereas APT tended to be negative.
Conversely, APT was positive in 89% of children with delayed-type reactions; although SPT
was frequently negative [92]. SPT was usually negative in patients with delayed onset of
clinical reaction in OFC, whereas APT tended to be negative in those children with acute
reactions. According to these results, in AD we can distinguish IgE-mediated and T-cells-
mediated reaction causing the onset of eczematous skin reaction in SPT and APT testing.
Parallel testing with combination of SPT and APT can significantly enhance the accuracy in
the diagnosis of food allergies in children suffering from AD [92]. Immediate-type clinical
reactions are more often associated with urticaria and skin prick positivity, whereas delayed
reactions with atopic eczema and APT positivity [16, 32, 123, 124]. APT were positive in
63% children with positive results of OFC and it was more frequently positive in those with
late-type reaction [17]. 25% of all positive DBPCFC were associated with negative food-slgE
and therefore food-specific T cells may play a predominant role in the pathogenesis of these
reactions. Since APT lesions resemble spontaneous lesions both clinically and histologically,
APT s likely to mimic the mechanisms involved into food/aeroallergens-responsive AD.
75% patients with isolated eczematous reaction in OFC were positive in APT [17].
Interestingly, the children positive in APT for CM were frequently positive for egg and wheat
in the APT [32, 103]. Immediate-type reaction to CM challenge was associated with SPT
positivity, while delayed-type reactions were related to patch positivity [103]. The predictive
capacity of APT for immediate or delayed reaction in the OFC was identical. APT was
positive in 16 from 17 positive OFC with CMA regardless the type of clinical reactions [172].
No correlation between the reaction’s type and APT positivity was found, since infants with
immediate, delayed, or negative challenge reactions showed consistent distribution of APT
reactivity. The patch test results with CM do not seem to be related to acute or delayed
challenge reactions [230]. Positive responses to APT with peanut were recorded in 19% of the
patients, whereas in 12% positive SPT was observed. APT was more frequently positive in
subjects with eczematous responses after challenge with respect to those with urticarial
reactions [195]. Only 43% of the infants with positive OFC and diagnosed CMA were
positive in APT and 40% of the positive APT was related to the negative challenge (false-
positivity). The combination of four tests (SPT, sIgE, APT, eosinophil cationic protein) that
produced the best overall agreement (0.73) had a sensitivity of 0.76 and a specificity of 0.67.
The infants with a positive challenge not detected by this combination more often had a
reaction of a delayed type with gastrointestinal symptoms [180]. Réasanen et al. [167] found
that APT and lymphocyte proliferation tests were more often positive in children exhibiting
delayed-type reactions, whereas the skin prick test and the basophile histamine-release test
were more often positive in children manifesting immediate-type reaction to cow’s milk.
There is a subgroup of patients, especially those with late-onset reactions in OFC, which have
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negative SPT or sIgE results, but positive APT. These patients may have gone undiagnosed if
APT had not been performed [106]. APT tended to be positive in infants with an immediate
reaction [180]. APT with cereals is more predictive for cutaneous manifestations (urticaria,
rash) than the gastrointestinal ones [93]. APT showed the value of NPV of 100% in the study
with patients with suspected food-protein induced enterocolitic syndrome, so this test should
be recommended in the diagnostic algorithm among these subjects. This will allow many
patients to stop restricting their diet at an earlier age [60].

APT may be useful in the diagnostic work-up of CMA and in combination with other
simple tests could negate the need for DBPCFC [106]. The combined used of APT and SPT
has a sensitivity of 100% and NPV of 100%, showing that false-negative results are
extremely uncommon and that in the population studied, CMA can be excluded if both tests
results are negative [106], which in contrast to the results of Kekki et al. [103], who reported
that of 54 children with positive CM OFC, 19 (35.2%) had negative SPT and APT results.
Because of lower specificity (50%) and PPV (76%), false-positive results are common, and a
positive result in either SPT or APT is not sufficient to confirm CMA. Therefore, DBPCFC is
still unnecessary to confirm or exclude the diagnosis of FA in the face of positive test results
[106]. The addition of CM-specific IgE does not improve the performance of the diagnostic
methods, making this test superfluous when SPT and APT can be performed [106].

Some authors are skeptic about the role of APT in the diagnostic work-up of food allergy.
In children with CMA or HE allergy proved by OFC, no reaction was predicted by APT
alone. All positive reactions in OFC were however only immediate type, they did not observe
delayed-type reactions. Osterballe et al. [158] revealed the difficulties in using APT in
children 3 years of age. APT could not predict hypersensitivity to HE or CM not identified by
SPT, histamine release or specific IgE. According to this, APT cannot be recommended in the
diagnosis of hypersensitivity to HE or CM in children aged 3 years in a daily clinical practice.
A study of Berni Canani et al. [8] was aimed to examine the diagnostic accuracy of APT
using fresh food vs. commercially available freeze-dried purified food extracts. Among 31
patients with confirmed CMA, 20 had a positive APT with fresh food (3 in the group with an
immediate reaction and 17 in the group with a delayed reaction). Only one child had a
positive APT carried out with a commercial assay (this one had a positive APT also with
fresh CM). Among the 19 patients with HE allergy, 16 had a positive APT with fresh food (2
with immediate reaction in challenge and 14 with a late reaction in challenge). Only one
subjects had both a positive commercial APT and a positive APT with fresh HE [8]. Correctly
bypassing an oral food challenge with combined testing, including APT, only between 0.5-
7% (99% predicted probability) and between 6-14% (using 95% predicted probability) of
children would fulfill the criteria for avoiding an OFC. APT was associated with late-type and
combined-type reactions in food challenge with CM, soy milk and wheat, whereas sensitivity
of APT for challenge with HE was lower for late-type reaction than for the early-type or
combined-type reactions. Because of conflicting results, the APT does not seem to add
diagnostic information, not even in children with late-phase clinical reactions. It was
suggested that for daily clinical practice, the APT adds only a small predictive value to the
standard SPT or slgE measurement in diagnostic work-up of suspected food-related
symptoms in children population [130]. In another study, Bygum et al. [25] investigated the
clinical interpretation and reproducibility of APT in 48 selected young adult patients with and
without AD using standard inhalant allergens and fresh cow’s milk. In agreement with
Osterballe et al. [158], they were not able to find any clinical relevance of a positive APT to
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fresh CM. Their results do not support the routine use of atopy patch tests in the evaluation of
adult patients with AD [25]. One patient had a positive CM APT without clinical relevance,
as oral intake of milk did not provoke the exacerbation of AD [25]. SPT demonstrates best
concordance with the results of OFC followed by SAFT and APT [79].

The combination of positive APT results together with measurement of levels of food-
specific IgE makes DBPCFC for suspected food allergy in some cases superfluous [140, 141,
172]. The combination of positive APT with defined levels of food specific IgE (CM > 0.35
kU/I and HE > 17.5 kU/I) makes the use of DBPCFC unnecessary for suspected allergies to
cow’s milk and hen’s egg [172]. The associations of SPT/SIgE with immediate-onset
reactions and APT with delayed-onset reactions confirm and stress the role of these methods
in diagnosing of different type of FA [123, 125, 140, 211].

D. Atopy Patch Test and Age

A general problem is that the APT with foods (usually with HE and CM) has mostly been
studied in infants and children, since FA plays a role especially in this age group, whereas
aeroallergens (especially house dust mite) have been studied more intensively in adults. This
presents a bias in the methodological evaluation of age as influencing factor. Although APT
has been introduced into clinical practice, its diagnostic accuracy remains controversial,
especially in older children and adults. Most of data concern the ability of APT in diagnosing
allergic sensitization in infants in the first 2 years of life.

The age probably affects the APT results. Young children’s skin is thought to be thinner
and more receptive than that of older children [166]. Rokaité et al. [173] in their study
observed that the prevalence of positive APT with food allergens decreases with an increasing
age of the investigated children. Positive APT results were more often found in children from
6 months to 7 years of age. In infancy APTs were positive disregarding the amount of IgE in
blood. The younger child was, the greater the possibility that the atopy patch test was
positive. Possible explanation of these findings could be physiological characteristics of the
skin (permeability of the skin, sweating, response to irritants and sensitivity to light) of an
infant or a small child. It is necessary to perform APT in infants and pre-school children,
when total IgE amount in the blood is normal and SPT are negative. Stromberg [211] found
also lower prevalence of positive APT among the children over 2 years compared to those
under 2 years of age. This finding was explained by possibility that some children developed
tolerance to the tested foodstuffs, or the skin perhaps became thicker so that the allergen
applied did not penetrate as easily as in smaller children. In a large multicenter study of
Darsow et al. [42], higher frequency of positive APT reactions to food allergens were seen in
children compared with adults (wheat 15% vs. 8%, celery 12% vs. 8%) except for egg white
(both 11%). The sensitivity of APT with CM, SM and wheat increased with age, but for HE,
there was no significant differences in sensitivity among all age categories. A reason for this
might be more sensitive skin in younger children and therefore more false-positive APT
results [130]. While SPT reactivity proved to be higher in children above 12 years of age,
APT positivity was more frequent in children under 6 years. APT sensitivity proved
significantly higher than SPT sensitivity, in particular in children under 12 years of age [195].
The sensitivity of APT with cereals increased in the younger children but at the same time,
the specificity decreased. Conversely, the sensitivity of APT with cereals decreased with
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increasing age with concomitant increase in specificity of this test [93]. The prevalence of
positive APT results was higher in younger children with CMA [67, 106, 211].

Perackis et al. [161] performed in the group of 498 children aged from 3 to 148 months
showed that the value of sensitivity, specificity, PPV and NPV concerning CM, HE and
wheat does not seem to be influenced by age in infancy and childhood. APT may therefore be
performed in the diagnostic work-up of food allergy in children with APT up to 12 years
without unimpaired accuracy. A study performed by Niggemann et al. [142] it was found that
the age of tested children had no influence on the outcome of APT, and furthermore the APT
results showed equal distribution between early or late clinical reactions. The outcome of
APT does not seem to be influenced by age of the children. No age correlation between
positive results of OFC and APT and higher specificity of APT in older children confirm its
accuracy in diagnosing delayed cow’s milk allergy in all age groups of children [32]. High
PPV confirms that APT might be performed in the diagnostic work-up of food allergy in
children with AD up to 3 years of age with unimpaired accuracy [32]. There was no
correlation between the age of AD patients and the positive reaction rate of APT [28].

Using aeroallergens in APT settings, more positive results with house-dust mite antigens
were observed in children younger than 10 years [192]. Varela et al. [231] found a positive
association between the younger age groups and the positivity of APT with mite antigens and
delayed skin hypersensitivity, while the opposite was true for immediate hypersensitivity.
APT should be a part of the protocol for assessing children with AD, particularly in the
younger age groups. In general, only few studies have been published on children populations
using aeroallergens [38], whereas many studies investigated the APT with aeroallergens in
adults.

APT could be performed in infants as well as in older children, since it seems that age
does not have a significant impact on the APT outcome [142].

Our Data

We analyzed the differences of the prevalence of positive APT reactions among various
age categories. At first we compared the children from the first (n = 262, 53.4% boys, age
8.96+1.38 years) and second grade (N = 200, 48% boys, age 12.63+0.90 years) of grammar
school. Whereas those younger showed lower frequency of positive SPT with inhalant
allergens (mixed grasses, mixed trees, cat dander, Alternaria alternata), the frequencies of
positive SPT with food allergens were equal in both age groups. Younger children were less
atopic than older: frequency of at least one positive SPT to any allergens was 22.9% vs.
34.4% (p = 0.010). The frequencies of positive APT in the younger group were: 10.0% for
CM, 8.0% for HE, 6.8% for tomato and 8.4% for wheat flour. These frequencies among older
children were 4.1%, 10.3%, 3.2% and 5.6% respectively. The significant difference was
observed for CM (p < 0.001) and tomato (just strong positive results, p = 0.024) [175]. These
differences became more evident, when we subdivided the children into age quartiles (figure
12). The statistically significant differences were observed for CM (1% vs. 4™ quartile: p =
0.024) and wheat flour (1% vs. 4™ quartile: p = 0.048). The frequencies of positive APT with
HE were distributed equally among 4 age quartiles.

Comparing boys and girls, there were no differences between the positive of SPT with
either inhalant or food allergens. 8.4% of boys showed positive reaction in APT with CM and
3.6% with HE. Frequency of positive APT with tomato was 5.5% and with wheat flour 9.8%.
These frequencies in girls were: 6.4% for CM, 5.9% for HE, 5.4% for tomato and 4.5% for
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wheat flour. Boys had statistically significant higher prevalence of positive APT results with
HE (p = 0.038) and with wheat flour (p = 0.05) than girls (figure 13).
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Figure 12. Frequencies of positive APT with four fresh food allergens among 4 age quartiles.
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Figure 13. Frequencies of positive APT in boys and girls.

In our older study conducted in two European countries (ltaly, Slovakia), we also
observed more positive APT results in boys, which was the most evident for APT with HE
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(19.5% vs. 8.9%, p = 0.008). Interestingly, boys showed more questionable (isolated
erythema) APT results with all four tested food allergens than girls [174].

E. Atopy Patch Test in Diagnostic Algorithms of Allergic Diseases

Clinical studies have generally included patients with AD provoked by aeroallergens or
associated with food allergy with or without the involvement of other systems, and the results
have been conflicting [32, 92, 132, 172]. The question of whether APT identifies a subset of
individuals with a distinctive clinical presentation or a distinctive immune response remains
unanswered [106]. It has been repeatedly shown that in certain patients, eczematous skin
lesions can be induced by epicutaneous application of aeroallergens [171, 228]. APT is
frequently positive in children with atopic dermatitis [79, 93, 106, 123, 124, 141, 172, 173]
and is increasingly used for detection of causal inhalant and food allergen in the pathogenesis
of AD. For AD patients who do not respond adequately to initial treatment with skin
moisturing, emollients and taking care with irritants, a combination of SPT or specific IgE for
foods and APT can be helpful in the diagnosis of food allergies associate with AD [199, 220].
APT applying the allergens directly to the skin might be the ideal diagnostic procedure since
they reproduce the characteristic inflammatory response of the disease on the affected organ
itself, the skin. This method might be useful and complementary to the routine techniques of
the SPT and determination of sIgE-levels [56]. Atopy patch tests, which are characterized by
considerable specificity, confirm the role of polyvalent contact hypersensitivity to
aeroallergens and food allergens in the development of AD. Positive aeroallergen APT results
are observed in the majority of patients and can thus be regarded as an additional diagnostic
criterion in AD [183]. Positive APT with food can be found in 33-86% children suffering
from AD [25, 173].

The APT reactions to aeroallergens seem to be specific for sensitized AD patients, and do
not occur in healthy volunteers or in patients suffering from asthma or rhinitis [18].
Conversely, in the study of Vanto et al. [230] infants with atopic eczema did not have positive
patch test reactions to CM more often than those without atopic eczema (15% and 10%
respectively). Positive responses in APT with aeroallergens did not occur more often in
patients with atopic dermatitis, although atopy is correlated with increased skin irritability.
Therefore, the APT does not appear to be suitable to distinguish subgroups of patients
characterized by atopic dermatitis, asthma or allergic rhinitis [14].

It was also shown that healthy controls and patients with respiratory atopy without the
history of eczema do not react to the APT [27, 34, 140] or with a lower frequency and
intensity of APT reactions [195]. As no gold standard for aeroallergen provocation in AD
exists, the relevance of aeroallergens for AD flares may be evaluated by APT in addition to
SPT and sIgE [42]. Whitmore et al. [240] studied the prevalence of positive APT with
aeroallergens in subgroups of patients with AD and/or mucosal atopy. The prevalence of
reactions in patients with both atopic dermatitis and mucosal allergy (18.8%) was
significantly greater than the prevalence (2.3%) in patients with only one or neither of these
two atopic disorders (p=0.02).

When combining APT and slgE results, Imayama et al. [86] classified AD patients into
four groups, each group with its own distribution and morphologic features of skin lesions.
Patients with an elevated specific IgE and a positive APT to house-dust-mite allergens were
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characterized by extensive erythematous and lichenified skin lesions and a high percentage of
facial lesions (89%). Darsow et al. [35] found that APT positivity was related to the
distribution pattern of eczema. The group of patients who had eczematous skin lesions
predominantly on air-exposed parts of the skin such as hands, forearms, head, and neck
showed a significantly higher frequency of positive APT reactions to common inhalant
allergens. Two other studies [111, 113, 241] could not find a relationship between the
outcome of the APT and the severity or distribution type of eczema in AD patients.

SCORAD values were significantly higher in subjects reacting to APTs and SPTs than in
patients showing negative responses [196]. No significant differences in positivity figures to
APT with peanut were observed between SPT positive (extrinsic AD) and SPT negative
(intrinsic AD) patients (16 vs. 23%) [196]. In another study, there was no significant
statistical correlation between the severity of AD assessed by SCORAD scoring system and
the positive reaction rate of the APT [28]. No relationship was found between positivity of
APTs and patient’s history or distribution of eczema [25]. APTs with aeroallergens are more
frequently positive in both “extrinsic” and “intrinsic” AD than in unaffected subjects. Other
studies explaining why the APT is positive in the intrinsic form are needed, but it is probably,
that this kind of AD should be marked as non-atopic allergic eczema according to the revised
nomenclature [96] and the cellular immunity plays essential role in the development of this
kind of eczema [88].

APT is not proposed as a single screening test in patients with AD, as it should be used in
addition to SPT and sIgE as a tool to prove clinical relevance of a given sensitization. A
sensitization detected by APT, which is supposedly T-cell mediated, may be even more
relevant for the clinical course of atopic eczema than the demonstration of an IgE-mediated
sensitization. The APT may provide an important diagnostic tool for selection those patients
who show special benefit from allergen avoidance procedures or allergen-specific
immunotherapy [102]. The APT with allergens in petrolatum may be used in the future as a
kind of provocation test on the skin, but food challenge tests as gold standard in food allergic
patients with AD are not replaced. The APT may even identify those patients with negative
SPT and sIgE. However, the clinical relevance of positive APT reactions is still to be proven
by standardized provocation and elimination tests and might also dependent on the APT
model used and outcome definition [42]. APTs with peanuts may represent a useful
integration to standard testing modalities employed for the identification of peanut allergic
AD patients [196].

Seidenari et al. [192] studied three groups consisting of 72 AD patients, 40 with mucosal
atopy and 32 healthy volunteers. Positive APT results were observed in 51.5% of patients
with AD with mite-specific IgE, in 43.6% of patients with AD but without sIgE and in 40%
of subjects affected by mucosal atopy and having sIgE to Dermatophagoides. From technical
point of view, the simple application of the allergenic material on healthy skin gave the best
results. APT with aeroallergens could contribute to a better immunoallergologic
characterization both of patients with AD and patients with mucosal allergy.

No clear relationship was found between positive APT with Dermatophagoides and an
atopic disposition of the patients or characteristics of eczema [14]. However, 64.4% of the
patients with a positive APT with Dermatophagoides showed a response to at least 1 contact
allergen of the standard series, compared to only 56.4% of the patients without a positive
APT reaction (p<0.05). It was suggested, that some unidentified factors may contribute to
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positive reactions to aeroallergens that may contribute also favor an enhanced general
responsiveness to contact allergens [14, 26].

It was suggested that APT works only in the patients with atopic dermatitis [18, 92, 140].
In the study of Keskin et al. [106], they observed isolated skin symptoms of FA only in 4
patients, the other with positive APT with CM had various combinations of symptoms from
the part of gastrointestinal, respiratory, skin system, or had systemic anaphylactic reaction.
This suggests that APT may be also useful for infants who have allergic manifestations other
than AD.

The APT positivity is not specific for the patients with AD, since many studies observed
also positive results in the groups of patients with e.g. gastrointestinal food allergy or
respiratory allergy without skin involvement [111]. Food patch test showed good diagnostic
accuracy not only for the skin manifestation of FA, but also for the signs in other organs or
systems (gastrointestinal, CNS, articular, respiratory) [16]. APTs were found to be positive
also among the children with FA with gastrointestinal or respiratory symptoms without skin
involvement [45, 46, 60, 169, 230].

While dermatologic, respiratory, and systemic manifestations of FA are well recognized,
reactions manifesting primarily in the digestive tract can be difficult to recognize, diagnose,
and treat [10, 138, 151, 187]. Food allergy is now being increasingly recognized in conditions
previously not labeled as “allergic”, such as gastroesophageal reflux disease [138]. Non-
recognition of FA may lead to inappropriate treatment and to confusion with primary
gastroesophageal reflux with potentially hazardous decisions (e.g. surgery) [8]. APT may also
have a role in diagnosing gastrointestinal manifestations of food allergies without skin
symptoms, e.g. gastrointestinal CMA [45, 47] or patients with eosinophilic esophagitis [204-
208]. It was confirmed that the APT can be used as a useful tool in the diagnostic work-up of
children with food-allergy-related gastrointestinal symptoms [8].

Guler et al. [73] performed APT and SPT in 63 children suffering from asthma or allergic
rhinitis. All the patients had positive SPT and high serum specific IgE levels for
Dermatophagoides pteronyssinus. APT was performed with Dermatophagoides in petrolatum
(200 IR/ml). Of 63 patients, 25% showed a positive APT result. APT testing may partly
identify mite sensitive children with respiratory allergy. Positive APT results may imply that
delayed hypersensitivity reactions play a role in children with asthma or allergic rhinitis. In
patients with respiratory allergy, the positive APT results were less frequent suggesting that
the involvement of delayed hypersensitivity in respiratory allergies is less important than in
atopic dermatitis.

APT is useful method in detection of food allergy in children with isolated digestive
symptoms without AD [45]. 24 patients with diagnosed CMA without AD were tested. APT
with CM was positive in 79% children with CMA with gastrointestinal symptoms. In the
patients with CMA and isolated gastrointestinal symptoms was observed good SE and SP for
the APT with CM. A large use of APT in the presence of isolated digestive symptoms could
improve detection of conditions related to CMA. Therefore, the sooner standardization of this
testing procedure seems to be mandatory.

APT is suitable method also in patients with food protein-induced enterocolitis syndrome
(FPIES) which is characterized by profuse vomiting and/or diarrhea several hours after
ingestion of particular food (usually the most involved foods are cow’s milk and soy milk, but
also poultry, peas, fish, cereals, lentil, sweet potato, bean) [169]. APT may be used in the
diagnosis of gastrointestinal allergy without evidence of IgE [169, 45, 46]. In FPIES
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traditional allergy testing is useless or this disorder because tests for food-specific IgE are
routinely negative. FPIES is thought to be a non-IgE mediated food allergy syndrome.
Although the precise mechanism of FPIES is still unclear, some studies suggested that TNF-a
plays a significant role in the pathogenesis and pathophysiology of this disease [122]. The
only method which can confirm this diagnosis is OFC. The APT predicted challenge outcome
in 28/33 children with suspected FPIES. 16 cases were confirmed by OFC and in all of these
cases APT were positive. In 5 subjects with negative OFC APT gave positive results (false-
positivity). APT appears to be promising diagnostic tool in the diagnosis of FPIES [60].

APT can be used as a sensitive diagnostic tool also in eosinophilic esophagitis (EE).
Eosinophilic esophagitis is a recently described disorder identified in patients with symptoms
suggestive of gastroesophageal reflux disease but unresponsive to conventional reflux
treatment and have normal pH probe results [179]. It was demonstrated that food allergy
plays essential role in this disorder [53, 127]. Spergel et al. [204-208] in their several studies
investigated the utility of combined skin testing in the identification of the causative foods in
the pathogenesis of this therapy-resistant disorder. The foods most common identified by
APT in these patients were wheat, corn, beef, milk, soy, rye, egg, chicken, oats, potato.
Patients were positive to average 2.7+1.8 foods (range 0-7 foods). The elimination of positive
foods identified by both SPT and APT led to complete resolution of the clinical symptoms in
18 of 24 patients. In addition, there was a concurrent improvement in esophageal biopsy
specimens that matched the clinical improvement in these patients. Reintroduction of the
same foods caused a re-emergence of symptoms in selected cases. The specificity of APT in
EE was however a little bit lower than the values reported for AD [208]. Responders to the
diet designed according to the results of APT and SPT were 72 of 146 patients with
eosinophilic esophagitis and showed positive APT results to an average of 3.1+2.6 foods
[205]. The combination of APT and SPT can identify the correct foods in 49% of the patients,
not counting the patients given elemental formula because of multiple foods. If these patients
are included, the percentage of specific diet success improves to 77%. In EE we need to
perform both APT and SPT, because most patients had different foods that produced positive
results on SPT compared with APT, suggesting a mixed immunologic mechanism [205]. It
was shown that the combination of SPT and APT in the management of EE has been effective
and needs to be further investigated. Elimination diets based on the positive results of SPT
and APT together with milk elimination can prevent the need for an elemental diet in a
majority of children with EE [208].

The skin of children with AD might be more prone to irritation and might therefore show
more false-positive results. Indeed, in the study of Mehl et al. [130], specificity for CM and
soy was lower in children with AD compared with that in children without AD. However,
there is no explanation why this was reversed for HE. Overall, because of the lack of a
uniform pattern, the author stated, that the APT does not add information for the diagnostic
work-up of suspected food-related symptoms in children without AD.

Our Data

In our study, we analyzed the association between the positivity of APT with four fresh
food allergens (cow’s milk, hen’s egg, wheat flour and tomato) and two inhalant allergens
(Dermatophagoides pteronyssinus and mixed grasses) and questionnaire-derived incidences
of atopic and non-atopic symptoms and disorders in the last year and in the personal history:
headache, abdominal pain, pruritus, urticaria, nocturnal cough, cough after physical effort,
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nasal obturation, bronchitis, pneumonia, otitis media, allergic rhinoconjunctivitis, paryngitis,
atopic eczema and asthma.

The children with positive APT to wheat flour had more frequently urticaria in the past (p
= 0.003) or in the last year (p = 0.036) and cough after physical effort in the past (p = 0.033)
or in the last year (p = 0.019). Children with positivity to wheat flour more frequently
suffered from allergic rhinoconjunctivitis (p = 0.031) or eczema (p = 0.033) in the last year.
They also had frequently bronchitis recidivans in the past (p = 0.019). The subjects with
positive APT reactions to hen’s egg suffered from allergic rhinoconjunctivitis in the past (p =
0.020) or in the last year (p = 0.050) compared to those with negative results of the APT with
HE. This children also had bronchial asthma in the past (p = 0.028). In the subgroup of
children with positive APT to cow’s milk, we observed significantly higher prevalence of
atopic eczema in the past (p = 0.026). Similarly, those with positive APT to
Dermatophagoides pteronyssinus had more often atopic eczema in the past (p = 0.011). In
children with positive APT with mixed grasses we observed higher prevalence of bronchial
asthma in the past (p = 0.011) in comparison with children with negative APT results. In
children with anamnestic data on the other symptoms (headache, abdominal pain, pruritus,
nocturnal cough, nasal obturation) or diseases (pneumonia, otitis media, laryngitis) we were
not able to detect the association with positive APT results either with food allergens or
aeroallergens.

CONCLUSION

Atopy patch test seems to be a valuable additional tool in the diagnostic work-up of food
allergy in infants with skin, respiratory and gastrointestinal symptoms, especially with regard
to late-phase clinical reactions. A positive APT may help:

1) to detect clinically relevant late-phase eczematous reactions, leading to effective
specific diets,

2) to prevent restrictive and unnecessary diets, which may be the consequence of
misjudging late reactions by clinical assessment alone,

3) APT may be helpful in unclear and discrepant situations.

Confirmation of the diagnosis of FA is essential in patients with positive results of SPT
and/or APT and for this purpose the only accurate method is double-blind, placebo-controlled
food challenge followed by open food challenge. This is the definitive test for identifying
food allergies and should be performed by trained allergists or immunologists on individuals
with suspected food hypersensitivity.

In conclusion, it seems reasonable to suggest, that infants with a history of delayed-onset
symptoms after food ingestion, negative skin prick results, and low serum total IgE
concentration would benefit from atopy patch testing with a panel of dietary allergens. APT
may help to prevent restrictive and unnecessary elimination diets which may be the
consequence of misjudging late reactions by clinical assessment alone. Probably the most
important use for APT will be diagnosing relevant food allergens in multi-allergic children
(under the age of 2 years preferably) with a negative SPT and no food-specific IgE in serum.
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Besides this, APT as experimental model of skin inflammation offers a unique opportunity to
study the pathogenesis of AD and to test new treatment modalities. If APT becomes a part of
routine pediatric practice, a lot of unnecessary procedures could be eliminated. However,
further studies are needed before the APT may be used and recommended as a routine tool for
diagnosis of food allergy.

Reviewed by Associate professor Milan Kuchta, M.D., Ph.D.; 2" Department of
Pediatrics, School of Medicine, University of Pavel Jozef Safarik, Kosice, Slovakia; E mail:
kuchta@dnkosice.sk
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ABSTRACT

Food allergy is defined as an adverse reaction because of an abnormal
immunological response to food protein. The immune pathogenesis is, in the majority of
cases, IgE-mediated although it may also be cell-mediated (non-IgE) or mixed IgE/cell-
mediated. Food allergy affects as many as 2 to 8% of young children and the
presentation can be highly variable. There is usually a clear temporal relationship
between food exposure and the development of allergic symptoms. At times, symptoms
may develop hours or days after food exposure making the diagnosis difficult.

Food allergy usually presents as multi-system involvement, most commonly
gastrointestinal symptoms which occur with a frequency of 50 to 80% of cases. These
are followed by cutaneous symptoms and respiratory symptoms, occurring in 20 to 40%,
and 4 to 25% of cases, respectively. Gastrointestinal manifestations include oral allergy
syndrome, gastrointestinal anaphylaxis, allergic eosinophilic esophagitis, allergic
eosinophilic gastroenteropathy, food protein-induced enteropathy, food protein-induced
enterocolitis syndrome, food protein-induced proctocolitis, gluten-sensitive enteropathy,
infantile colic, irritable bowel syndrome, and constipation. Cutaneous manifestations are
urticaria/angioedema, atopic dermatitis, contact dermatitis, and dermatitis herpetiformis.
Rhinitis/rhinoconjunctivitis, asthma, Heiner syndrome, and serous otitis media are the
respiratory manifestations of food allergy. Other manifestations include systemic
anaphylaxis, food-dependent exercise-induced anaphylaxis, migraine, epilepsy, diabetes
mellitus, nephrotic syndrome, nocturnal enuresis, anemia, thrombocytopenia, vasculitis,
and arthropathy/arthritis. This chapter discusses the various clinical manifestations of
food allergy.
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INTRODUCTION

Food allergy is defined as an adverse reaction because of an abnormal immunological
response to a food or food additive [1,2]. The reaction occurs only in some patients, may
occur after a small amount of the offending substance being ingested, and is unrelated to any
physiological effect of the food or food additive [1,2]. The immune pathogenesis is, in the
majority of cases, IgE-mediated although it may also be cell-mediated (non-IgE) or mixed
IgE/cell-mediated. IgE-mediated reactions are caused by inflammatory mediators and
cytokines released when circulating food allergens bind to specific IgE residing on the surface
of mast cells and basophils. These reactions are associated with rapid development of
symptoms, usually within minutes to 2 hours while cell-mediated reactions develop over
hours or days [3,4]. Mixed IgE/cell-mediated reactions are characterized by intense
eosinophilic infiltration of the specific organ involved and may lead to chronic disorders such
as atopic dermatitis and allergic eosinophilic gastroenteropathy [3,5]. Food allergy affects
approximately 4 to 8% of young children and 1 to 4% of adults [1,3,6-9]. The presentations of
food allergy can be highly variable. There is usually a clear temporal relationship between
food exposure and the development of allergic symptoms [10]. At times, symptoms may
develop hours or even days after food exposure making the diagnosis difficult.

Table 1. Clinical Manifestations of Food Allergy

Gastrointestinal manifestations

Oral allergy syndrome

Gastrointestinal anaphylaxis

Allergic eosinophilic esophagitis
Allergic eosinophilic gastroenteropathy
Food protein-induced enteropathy
Food protein-induced enterocolitis syndrome
Food protein-induced proctocolitis
Gluten-sensitive enteropathy

Infantile colic

Irritable bowel syndrome

Recurrent abdominal pain

Constipation

Cutaneous manifestations

Urticaria/angioedema
Atopic dermatitis
Contact dermatitis
Dermatitis herpetiformis
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Table 1. (Continued)

Respiratory manifestations

Rhinitis/rhinoconjunctivitis
Chronic sinusitis

Asthma

Heiner syndrome

Serous otitis media
Ménieére’s disease
Generalized manifestations

Systemic anaphylaxis
Food-dependent exercise-induced anaphylaxis
Hyperactivity

Neurologic manifestations
Migraine

Epilepsy

Endocrine manifestation
Diabetes mellitus

Renal manifestations

Nephrotic syndrome
Nocturnal enuresis

Hematologic manifestations

Anemia

Thrombocytopenia
Cardiovascular manifestation
Vasculitis

Rheumatic manifestation

Arthropathy/arthritis

The clinical manifestations of food allergy are listed in Table 1. Food allergy usually
presents as multi-system involvement, most commonly gastrointestinal symptoms with a
frequency between 50% and 80%, followed by cutaneous symptoms (in 20 to 40%) and
respiratory symptoms (in 4 to 25%) [11,12]. Symptoms may be mild or severe and most
often occur within one to two hours after the offending food has been eaten. Occasionally,
the onset of symptoms may be delayed for 48 to72 hours. From a clinical and diagnostic
stand-point, it is most useful to subdivide the clinical manifestations according to the
predominant organ or system of involvement. This chapter discusses the various clinical
manifestations of food allergy. It is important to remember that the book was written in
accordance to the patient but the patient does not always get sick in accordance to the book.
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GASTROINTESTINAL MANIFESTATIONS

Oral Allergy Syndrome

Oral allergy syndrome (pollen-food allergy syndrome) is a complex of symptoms induced
by exposure of the oral and pharyngeal mucosa to plant protein allergens [13,14]. Patients are
usually sensitized to an aeroallergen initially [15]. The IgE antibodies to the aeroallergen
cause the oral allergy syndrome [16]. Botanical cross-reactivity as a result of shared epitopes
between pollen and causative fruits and vegetables has been suggested as a possible
mechanism of local mast cell activation [17]. The oral allergy syndrome is considered a form
of contact urticaria that is confined mainly to the oropharynx [2]. Symptoms include rapid
onset of itching, tingling, burning, and/or angioedema of the lips, tongue, palate, and throat
within minutes of ingestion of fresh fruit and vegetable [14]. Symptoms usually resolve
rapidly. Occasionally, the clinical course is more dramatic with potentially fatal pharyngeal
swelling or progression towards a generalized anaphylactic reaction [10,18]. The syndrome
generally occurs in patients with inhalant allergy to birch, mugwort, or ragweed pollen and is
associated with the ingestion of various fresh fruits (e.g., bananas, melons, citrus fruits) and
raw vegetables (e.g. carrots, tomatoes, celery) [19-22]. It is uncommon to have several fruits
and vegetables that cause the oral allergy syndrome in one patient [23]. However, allergy to
ragweed may cross-react when exposed to fresh melon and banana [24]. Oral allergy
syndrome is more prevalent in adults than in children [25]. Most patients have some degree
of allergic conjunctivitis or allergic rhinitis because the IgE antibodies to an aeroallergen
cross-react with the fruit or vegetable proteins [15,26]. It is interesting to note that if the
offending fruit or vegetable is cooked, then the patient does not usually experience any
symptom as the food allergens are generally destroyed by heating [4,15]. Patients who
remain sensitive to cooked fruit or vegetable may be sensitive to proteins that do not cross-
react with pollens and do not actually have oral allergy syndrome [21,27]. Although these
patients react to food typically associated with oral allergy syndrome, the absence of
pollenosis and presence of symptoms beyond the oropharynx suggest conventional food
allergy rather than oral allergy syndrome [21].

Gastrointestinal Anaphylaxis

Gastrointestinal anaphylaxis is an IgE-mediated gastrointestinal hypersensitivity that
often accompanies other systemic manifestations of food allergy [28,29]. This may be
manifested as nausea, vomiting, abdominal pain, flatulence, abdominal distension, or diarrhea
[2]. The reaction usually occurs within minutes to 2 hours of food ingestion [30]. Repeated
ingestion of a food allergen may induce partial desensitization of mast cells in the
gastrointestinal tract resulting in milder symptoms [2,18].

Allergic eosinophilic esophagitis is usually T-cell-mediated rather than IgE-mediated, and
caused by allergens in the diet and, less commonly, in the air [32,34,36-38]. Allergic
eosinophilic esophagitis occurs mainly in children and young adults [39-41]. This condition
is being more frequently diagnosed over the past decade. It appears that the increase in
prevalence is real and is not due to an increased awareness of this condition among
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physicians. The condition is more common in males and those with a family or personal
history of atopy or proven food allergy [33,42,43]. Allergic eosinophilic esophagitis may
present with irritability, sleep disturbance, food refusal, vomiting/ regurgitation, dysphagia,
abdominal pain, substernal chest pain, occult blood loss, anemia, and failure to thrive
[21,25,31,44,45]. Dauer et al. retrospectively reviewed the records of 71 children with
biopsy-proven allergic eosinophilic esophagitis and found that the most common symptom
was dysphagia, being present in 36 (51%) patients [31]. Eighteen (50%) of the 36 patients
with dysphagia experienced at least one episode of food impaction. Other common symptoms
include vomiting (31%) and abdominal pain (24%). The symptoms of recurrent vomiting
/regurgitation may mimic those of gastroesophageal reflux but are refractory to anti-reflux
treatment [25,45,46]. These symptoms do respond to dietary avoidance of food allergens [47].
Typically, affected patients have a negative pH probe study [48].

Allergic Eosinophilic Gastroenteropathy

Allergic eosinophilic gastroenteritis is characterized by infiltration of the gastrointestinal
tract with eosinophils, peripheral eosinophilia, and absence of vasculitis [13,49,50]. The
eosinophilic infiltrates may be quite patchy and may involve the mucosa, muscular layer, or
serosal layer of the stomach or small intestine [24]. In addition to an IgE-mediated
mechanism, cell-mediated immunity may also be operative [51]. T-cells specifically
sensitized to antigens may release lymphokines capable of attracting eosinophils to the
gastrointestinal tissue.

Although allergic eosinophilic gastroenteropathy may affect all ages, the disease is more
common in individuals in the third through fifth decades [49]. Patients with mucosal
involvement usually have postprandial nausea, vomiting, abdominal pain, watery diarrhea
with or without blood, iron deficiency anemia, occasionally steatorrhea, and weight loss in
adults or failure to thrive in children [44,52,53]. Patients with muscular involvement may
have symptoms and signs of gastric outlet or intestinal obstruction, depending on the site of
bowel involvement [24]. The serosal form is characterized by ascites, abdominal pain, and
abdominal distension and is extremely rare in children [24,54].

Food Protein-Induced Enteropathy

Food protein-induced enteropathy is characterized by protracted diarrhea and vomiting
with onset usually in infancy. This may result in malabsorption, protein-losing enteropathy,
and failure to thrive [21,30]. The disorder is caused by a T-cell-mediated response most
commonly to cow’s milk protein [24]. Intestinal biopsy typically reveals a patchy villous
atrophy, increased crypt length, and prominent mononuclear round cell infiltrates [8].

Food Protein-Induced Enterocolitis Syndrome

Food protein-induced enterocolitis syndrome is a cell-mediated hypersensitivity disease
which occurs mainly in infants under 3 months of age [4]. The condition usually resolves by
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2 years of age but may, rarely, persist into late childhood [25]. Although cow’s milk and soy
protein are most often responsible [21,33,54], other food antigens have occasionally been
implicated, including food protein antigens passed in the maternal breast milk [5,28,55,56].
Classic symptoms are protracted vomiting and diarrhea with progression to dehydration and
shock in 20% of patients [30,44,57]. Some infants may have irritability, lethargy, anemia,
transient methemoglobinemia, abdominal distension, protein-losing enteropathy, and failure
to thrive [21,24,57-59].  Stools generally contain occult blood, polymorphonuclear
neutrophils, eosinophils, and Charcot-Leyden crystals [2]. Presumably, stimulation of T-cells
by food allergens with secretion of tumor necrosis factor-o. may play a role in the
pathophysiology of this disorder [30,57,60]. A relative lack of expression of transforming
growth factor-B may also have a role to play [57,60]. Skin tests for the offending antigen are
usually negative [25]. Radioallergosorbent (RAST) assay, which detects specific IgE
antibody, may also be negative in these patients. Jejunal biopsy specimens usually reveal
villus atrophy and increased numbers of lymphocytes, eosinophils, and mast cells [61].
Colonoscopy and biopsy show inflammatory colitis and eosinophilic infiltration [55].
Symptoms usually resolve in 72 hours after the offending food substance has been removed
from the diet.

Food Protein-Induced Proctocolitis

As with food protein-induced enterocolitis syndrome, food protein-induced proctocolitis
is a T-cell mediated disorder. The disorder usually occurs in the first few months of life and is
most often secondary to milk protein or soy protein hypersensitivity [44,54,61].
Approximately 60% of cases occur in breastfed infants [5]. Unlike food protein-induced
enterocolitis syndrome, infants with food protein-induced proctocolitis generally appear
healthy and have normal weight gain. These infants usually have occult or gross blood and
sometimes mucus in their stools but they do not have diarrhea [30,62,63]. In general,
hematochezia resolves within 72 hours of appropriate food-allergen avoidance [30]. In
breastfed infants, elimination of food-allergen from the maternal diet may result in resolution
of hematochezia. Colonic biopsy samples reveal mucosal edema, erythema, friability,
ulceration, nodular lymphoid hyperplasia and eosinophilic infiltration [44,53,64]. Skin tests
for the offending agents as well as RAST assays are usually negative in these patients.

Gluten-Sensitive Enteropathy

Gluten-sensitive enteropathy (celiac disease) is a disorder in which small-bowel mucosal
damage is the result of a permanent sensitivity to gliadin, the alcohol-soluble portion of
gluten, present in wheat, barley, and rye. Patients with gluten-sensitive enteropathy typically
present with diarrhea/steatorrhea, abdominal distension, muscle wasting, and failure to thrive
[1]. Other clinical manifestations include irritability, anorexia, vomiting, abdominal pain,
oral ulcers, digital clubbing, delayed puberty, and infertility [65,66]. Occasionally, patients
with gluten-sensitive enteropathy may be asymptomatic [67]. The presence of anti-gliadin,
anti-endomysial, and anti-tissue transglutaminase antibodies of the IgA isotype and anti-
gliadin antibodies of the 1gG isotype support the diagnosis [21]. However, anti-gliadin
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antibody of 1gG subtype has been known to be positive in conditions such as cow’s milk
protein allergy, inflammatory bowel disease, and cystic fibrosis and therefore has poor
specificity. In addition, patients with IgA deficiency may not have antibodies of IgA subtype
in spite of suffering from gluten-sensitive enteropathy. It is recommended that the diagnosis
of gluten-sensitive enteropathy be confirmed by intestinal biopsy before instituting dietary
changes. Characteristically, biopsy of the jejunum shows villus atrophy, marked increase in
crypt-villous ratio, and extensive cellular infiltrates [44]. Both cellular and complement-
mediated cytotoxicity and lymphokine-induced damage have been implicated in the
pathogenesis of the condition [47]. There is a genetic predisposition to the disease. There is
a predominance of certain HLA types (B8, DQ2, DW3) in patients with gluten-sensitive
enteropathy [1,2,68]. Environmental factors may influence expression of the genetic
predisposition.

Infantile Colic

There is increasing evidence that cow’s milk proteins may play an important role in the
pathogenesis of infantile colic [69-75]. Approximately 25% of infants with moderate or
severe colic have allergy to cow’s milk protein [76,77]. Lothe and Lindberg showed that
colic disappeared in 24 of 27 infants when they were given a cow’s milk-free diet [73]. These
infants were entered into a double-blind placebo-controlled crossover trial of whey protein.
Eighteen infants receiving the whey protein capsules reacted with colic, two infants received
placebo reacted with colic, and four infants did not react at all.

lacono et al. put 70 cow’s milk formula-fed infants with severe colic on soy-milk formula
[71]. In 50 infants, there was a remission of symptoms when cow’s milk protein was
eliminated from their diet. Two successive challenges caused the return of symptoms in all
these 50 infants. Follow-ups, after an average period of 18 months, showed that in 22 of 50
(44%) of the infants who had cow’s milk protein-related colic and 1 of 20 (5%) of those with
non-cow’s milk protein-related colic developed an overt form of alimentary intolerance.
Lucassen et al randomly selected 43 healthy infants with colic to receive whey hydrolysate
formula or standard formula [74]. They found a decrease in the duration of crying in those
infants fed with whey hydrolysate formula.

Jakobsson et al. studied the effectiveness of 2 formulae with extensively hydrolysed
casein in 22 infants with severe colic [78]. One infant was considered as treatment failure
and six infants as protocol failures. The remaining 15 infants showed a significant decrease
in the lengths of time they cried as well as a decrease in the intensity of their crying on both
formulae. When the infants were challenged in a double-blind design, 11 infants reacted with
an increase in crying time to cow’s milk protein or bovine whey protein.

Hill et al. studied the effect of diet change in 38 bottle-fed and 77 breast-fed colicky
infants in a double-blind, randomized, placebo-controlled trial [70]. Bottle-fed infants were
assigned to either casein hydrolysate or cow’s milk formula. All mothers of breast-fed infants
were started on an artificial color-free, preservative-free, additive-free diet and were
randomized to receive either an active low allergen (milk free) diet or a control diet. Hill et
al. showed that infants on the active diet had their distress reduced by 39% compared with
16% for those on the control diet.
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Jakobsson and Lindberg put 66 mothers of 66 breast-fed infants with infantile colic on a
cow’s milk-free diet [79]. The colic disappeared in 35 infants; it reappeared after
reintroduction of cow’s milk into the mother’s diet in 23 of the 35 infants. A double-blind
crossover trial with cow’s milk whey protein was performed on 16 of these 23 mothers and
infants. Six infants had to be taken out of the study for various reasons. Of the remaining 10
infants, nine displayed signs of colic after their mothers had taken the whey-filled capsules.

Maternal ingestion of eggs, chocolate, citrus fruits, nuts, as well as certain seafood whilst
breastfeeding may result in infantile colic [72,80-82]. Hill et al. randomized mothers of 107
term breastfed infants younger than 6 weeks of age with colic to follow a low-allergen diet
with elimination of dairy products, soy, wheat, eggs, peanuts, tree nuts, and fish (n=53) and a
control group (n=54) whose diet contained the known allergen [83]. Forty seven mothers in
the treatment group and 43 mothers in the control group completed the study. Infants were
identified as responders if there was at least 25% reduction in duration of crying/fussing on
days 8 and 9. The authors showed that 74% of infants in the treatment group versus 37% of
infants in the control group were responders (p=<0.001).

Irritable Bowel Syndrome

The pathogenesis of irritable colon syndrome is likely heterogeneous. Food allergy has
been implicated in the pathogenesis of a subset of patients with irritable bowel syndrome
[84,85]. The association of irritable bowel syndrome with specific IL-10 genotypes supports
involvement of the immune system in its pathogenesis [58,86,87]. It has been shown that
patients with irritable bowel syndrome have a greater area of intestinal mucosa occupied by
mast cells than do healthy control individuals [88]. A study of dietary eliminations in patients
with irritable bowel syndrome found a significant reduction in symptom score in those
patients whose exclusions were guided by raised 1gG antibodies to dietary antigens than did
patients on a sham diet based on irrelevant antigens [89]. Reintroduction of eliminated foods
resulted in aggravation of symptoms in patients whose dietary exclusions were guided by
raised IgG antibodies to dietary antigens. Irritable bowel syndrome might result from an
interplay between immunological dysfunction, impaired gut barrier functions, susceptible
genes and other environmental factors [90]. It has been hypothesized that food antigens
induce mast cells to secrete mediators that regulate gastrointestinal motility and pain
perception through gastrointestinal neural system [84].

Recurrent Abdominal Pain

Recurrent abdominal pain is usually defined as three or more bouts of abdominal pain,
severe enough to interfere with a child’s normal activities, occurring over a period of not less
than three months during the year preceding the examination [91,92]. Onset often occurs
between five and 10 years of age. Typically, the pain is vague, poorly localized or
periumbilical and may be crampy or sharp. Episodes of pain tend to cluster, alternating with
pain-free periods of variable length [92]. Most episodes last for less than an hour. On
cessation of the pain, the child is up and about as if nothing had happened. In the majority of
cases, the cause is functional [91,92]. Organic causes account for 5 to 10% of cases [91,92].
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Kokkonen et al. studied 84 children with recurrent abdominal pain [93]. Food allergy was
diagnosed in 28 (33%) children based on an open elimination challenge test. The study was
criticized because a formal diagnosis would require a double-blind placebo-controlled food
challenge [94]. Further studies using double-blind placebo-controlled food challenges are
necessary before food allergy can be established as a cause of recurrent abdominal pain in
children.

Constipation

The vast majority of constipation in children is functional [95,96]. Constipation resulting
from IgE sensitization to cow’s milk has been described [97]. Loening-Baucke reviewed the
records of 4,157 children between 0 to 24 months of age seen in general pediatric clinics for
health maintenance and acute care visits [96]. Of the 185 children with constipation, food
allergy was responsible for constipation in only 2 (1%) of these children [96]. In contrast,
lacono et al studied 27 consecutive infants with chronic “idiopathic” constipation and noted
improvement or resolution of symptoms in 21(78%) of these infants after a 4-week period of
a cow’s milk-free diet [97]. These infants had a relapse of symptoms on cow’s milk
challenge. lacono et al. subsequently performed a randomized cross-over trial of a cow’s
milk-based diet versus a soy milk-based diet in 65 children with chronic constipation [98].
Forty-four (68%) of the 65 children had increased bowel movements and improvement of
fecal score while receiving the soy milk. None of the children who received cow’s milk had a
response. In all 44 children with a response, the response was confirmed with a double-blind
challenge with cow’s milk. Daher et al studied 25 children with chronic constipation [99]. In
seven (28%) patients, the constipation disappeared while they were following a diet free of
cow’s milk protein and reappeared within 48 to 72 hours after challenge with cow’s milk. In
two patients, a rectal biopsy revealed allergic colitis with eosinophilic infiltration and they
therefore did not undergo the challenge. High serum levels of total IgE were observed in five
(71%) of the seven patients who showed a clinical improvement. Two (29%) patients had a
positive skin test and two (29%) had detectable levels of specific IgE. Carroccio et al treated
52 children with chronic constipation unresponsive to common treatment by exclusion of
milk alone, or by an extensive oligoallergenic diet if unresponsive [100]. Twenty four
patients were found to be suffering from cow’s milk intolerance and six from multiple food
intolerance. These patients had a normal stool frequency on elimination diet with recurrence
of constipation on food challenge. These patients showed a significantly higher frequency of
mucosal erosions, number of intraepithelial lymphocytes and eosinophils, and number of
eosinophils in the lamina propria. The remaining 22 patients did not respond to the
elimination diet. Murch identified 30 children with constipation who responded to the
exclusion diet with resolution of symptom; six of these children were allergic to multiple
antigens [58]. Rectal biopsy of the affected patients showed eosinophilic proctitis [58].
Carroccio et al. performed a Medline search for articles published between 1970 and June
2006, using the key words “chronic constipation or constipation” and “food intolerance or
allergy”. The authors identified 33 papers but only 19 of them were related to the topic.
Analysis of these papers showed a relationship between constipation and food allergy in a
subgroup of pediatric patients with “idiopathic” constipation unresponsive to laxative
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treatment. Additional studies are necessary to substantiate the specific associations and to
clarify the pathogenic mechanisms involved.

CUTANEOUS MANIFESTATIONS

Urticaria/Angioedema

Acute urticaria and, to a lesser extent, angioedema are among the most common
manifestations of food allergic reactions in children [29,44,52]. They tend to occur more
commonly in younger patients and in atopic patients [101]. Symptoms result from activation
of IgE-bearing cells by circulating food allergens absorbed through the gastrointestinal tract.
The foods most commonly incriminated include eggs, milk, peanuts, and nuts [102]. In
several studies, urticaria/angioedema occurred in 10 to 15% of infants with challenge-proven
milk allergy [103,104]. In a study of 554 adults with urticaria, food allergy was demonstrated
as the cause in only 1.4% of cases [105].

Even contact with foods may also cause acute urticaria [104,106,107]. Allergic contact
urticaria can be seen in children who are sensitized to environmental allergens such as food or
latex allergy [108]. There is a potential for cross-reactivity with various foods in individuals
with latex allergy [108]. Food allergy is rarely the cause of chronic urticaria, unless the
offending food is eaten almost every day [28,44,52,101].

Atopic Dermatitis

Atopic dermatitis is a multifactorial disease, and food allergy plays an immunopathogenic
role in 30 to 50% of young children who had moderate to severe atopic dermatitis [5,109-
111]. Burks et al. evaluated 46 patients who had atopic dermatitis from food hypersensitivity
substantiated with double-blind placebo-controlled food challenges [112]. Sixty five food
challenges were performed; 27 (42%) were interpreted as positive in 15 (33%) patients.
Sampson et al. studied 350 patients with severe atopic dermatitis for possible food
hypersensitivity [28,113,114]. Food allergy was diagnosed by double-blind placebo-
controlled food challenges. Cutaneous reactions developed in 75% of the positive challenges
within minutes to two hours, but only 30% of the positive responses were isolated cutaneous
symptoms alone [28]. Most of the skin manifestations consisted of a markedly pruritic,
erythematous rash that developed in sites with a predilection for atopic dermatitis.

In a well-designed prospective study of 113 patients with atopic dermatitis, marked
improvement was noted in those who were maintained on an allergen elimination diet when
compared with a similar group of patients who did not have food allergy or who did not
adhere to the elimination diet [113]. Breuer et al. performed 106 double-blind placebo-
controlled food challenges to cow’s milk, egg, wheat, and soy on 64 children who had atopic
dermatitis [115]. Twenty-eight (57%) of the 49 positive reactions resulted in late eczematous
reactions either as isolated events or in combination with immediate reactions. Hill et al.
evaluated 487 infants who had skin prick tests to cow’s milk, egg, and peanut, and who had a
family history of atopic dermatitis, asthma, or immediate food allergy in a parent or sibling
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[116]. One hundred and forty-one (28.9%) of these infants had atopic dermatitis by the age of
12 months. These authors found that as the severity of atopic dermatitis increased, so did the
prevalence of IgE-mediated food allergy and also the frequency of adverse food allergy
reactions. The relative risk of an infant who had atopic dermatitis to develop an IgE-mediated
food allergy was 5.9 for the most severely affected group. The most frequently implicated
foods include eggs, cow’s milk, tree nut, peanut, soy, wheat, seafood, citrus fruits, and
chocolate [117]. Approximately 30 to 40% of children lose their food hypersensitivity after
one to two years of allergen avoidance and 80 to 85% outgrow their food allergies by 10
years of age [81,117]. Hypersensitivity to peanut, tree nut, and shellfish is more persistent
[117].

The pathogenesis of atopic dermatitis likely involves both immediate and late-phase
effects of IgE-mediated food hypersensitivity reactions as well as cell-mediated reactions
[28,29,52,106]. The immediate or early phase of the reaction results from IgE-mediated
cutaneous mast cell activation [29,114]. The late phase is characterized by a mixed cellular
infiltrate (eosinophils, neutrophils, lymphocytes, and basophils) at six to eight hours and
thereafter by a mononuclear round cell infiltrate indistinguishable from that seen in
eczematous skin [113,118,119]. The pattern of cytokine expression is predominantly that of
the Th2 type, namely, interleukin-4, -5 and -13 [101,102]. A single ingestion of food allergen
may not provoke an eczematous lesion, but chronic ingestion of a food allergen can result in
the classic changes of atopic dermatitis [109]. Children who have atopic dermatitis and
documented food allergy might develop typical eczematous lesions while the disease is
active, but might develop urticaria with ingestion of a food allergen when the atopic
dermatitis is in remission [111]. On the other hand, atopic dermatitis is also seen in patients
with X-linked agammaglobulinemia, suggesting that, at least in some cases, atopic dermatitis
is not IgE-mediated [120]. Testing for cow’s milk allergy, Hill et al. identified a delayed
eczematous reaction in 17 of 135 children with atopic dermatitis [121]. Ten of the 17 children
had negative prick test to cow’s milk allergen, suggesting a non-IgE mediated pathogenesis.
Lio suggests that there are at least two types of “food allergy” in patients with atopic
dermatitis: the IgE-mediated immediate reactions and the cell-mediated eczematous reactions
[120].

Contact Dermatitis

Contact dermatitis may be related to an immune-mediated reaction to food or a direct
toxic effect of the food coming into contact with the skin [102,122]. Food-induced contact
dermatitis is often seen among food handlers, especially those who handle raw shellfish and
eggs [102,123,124]. Allergic contact cheilitis has been reported from the chewing of garlic
[125] and from the contact of geraniol, a food additive contained in certain foods [126].

Dermatitis Herpetiformis

Gluten-sensitive enteropathy is found in 75 to 95% of patients with dermatitis
herpetiformis [106,127]. Dermatitis herpetiformis is a cutaneous cell-mediated response to
gliadin which is present in wheat, rye, and barley [44,102]. The disorder is characterized
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by a chronic, intensely pruritic, papulovesicular rash, symmetrically distributed over the
extensor surfaces of the extremities and buttocks [8,102]. Approximately 80 to 90% of
patients have the HLA-B8 haplotype, and more than 90% have the HLA-Dw3 haplotype
[29,128]. Skin biopsy generally reveals granular and linear deposits of IgA, C3, as well as
infiltrates with polymorphonuclear leukocytes. Immunoglobulin A deposits may activate
complement through the alternative pathway and cause inflammation [29]. An IgE-mediated
hypersensitivity reaction does not contribute to the pathogenesis. IgA antibodies to smooth
muscle endomysium have been reported in patients with dermatitis herpetiformis-associated
gluten-sensitive enteropathy [106]. Also, antibodies to tissue transglutaminase and epidermal
transglutaminase are present in patients with dermatitis herpetiformis, suggesting that
epidermal transglutaminase is the autoantigen in dermatitis herpetiformis [102].

RESPIRATORY MANIFESTATIONS

Rhinitis/ Rhinoconjunctivitis

Food-induced allergic rhinitis/rhinoconjunctivitis is more frequently observed in children
than in adults [110,129]. Rhinitis/rhinoconjunctivitis following inhalation of food dusts
or vapor is not uncommon in patients with food allergy [10]. Rhinitis/rhinoconjunctivitis
typically occurs in association with other clinical manifestations such as cutaneous and/or
gastrointestinal symptoms during acute allergic reactions to foods [19,130]. Rhinitis/
rhinoconjunctivitis as the sole manifestation of food allergy is quite uncommon
[28,54,124,129]. Allergic rhinitis may be manifested as nasal congestion, sneezing, and
rhinorrhea [117]. Allergic conjunctivitis is characterized by periocular erythema, ocular
injection, pruritus, and tearing. It seems likely that ingested allergens can activate nasal mast
cells in addition to mast cells elsewhere in the body [29].

Chronic Sinusitis

Allergy to food allergens has been suggested to be a rare cause of chronic sinusitis [131].
Food allergy should be suspected in refractory cases of chronic sinusitis in which no apparent
cause can be found, especially in atopic individuals with perennial symptoms [108,131].

Asthma

Asthma from food allergy is a mixed IgE- and cell-mediated response due to the
involvement of IgE antibodies, mast cells, eosinophils, and T-lymphocytes [21]. The
condition occurs more often in children than in adults [132,133]. In several studies, 2 to 6%
of children with asthma were found to have wheezing provoked by blinded food challenges
[129,133-135]. Asthmatic children have a 14-fold higher risk of developing a severe allergic
reaction to food compared with children without asthma [133,136].
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In some children, food allergy may increase airway reactivity so that other triggers or
environmental factors can more readily precipitate an asthmatic attack [137,138]. Even
vapors containing proteins emitted from cooking food can induce asthmatic attacks
[124,132,139,140]. Inhalational exposures to foods, particular in the workplace, account for
approximately 1% of asthmatic attacks in the adult population [124,138]. Baker’s asthma
caused by inhalation of flour or mold-derived enzymes used as flour additives is a good
example [44]. Affected individuals have asthmatic attacks in association with exposure to
aerosolized wheat proteins and have positive skin prick tests or serum specific IgE to wheat
proteins [135,138]. Likewise, peanut dust in airplanes can provoke allergic reactions in
susceptible individuals [141]. Allergenic proteins may also reach the respiratory tract via the
circulation or they may act via inflammatory mediators released from the skin or
gastrointestinal tract [138].

Food-induced asthmatic reactions, when they occur in conjunction with other organ
systems, generally indicate a more severe disease manifestation [132,142,143]. In a survey of
six fatal and seven near fatal anaphylactic reactions after food ingestion, all patients had
asthma and respiratory symptoms as part of their clinical manifestations [109]. Food allergy
in early infancy increases the risk for developing asthma in later life [133,144,145]. This
applies also to children who have outgrown their food allergies [142].

Heiner Syndrome

Primary pulmonary hemosiderosis with hypersensitivity to cow’s milk (Heiner
syndrome) is a rare condition that usually occurs in young children. The syndrome is
characterized by chronic cough, wheezing, hemoptysis, pulmonary infiltrates, hemosiderosis,
gastrointestinal blood loss, iron deficiency anemia, and failure to thrive [129,146].
Presumably, the syndrome results from aspiration of milk into the lungs with subsequent
development of 1gG cow’s milk antibodies and an immune complex Arthus-type reaction in
the alveoli [68,147]. If the vasculitis is severe, alveolar bleeding and pulmonary
hemosiderosis may result [147]. Affected children usually have high titers of precipitins to
multiple constituents of cow’s milk and positive results on intradermal skin tests to various
cows’ milk proteins [146]. Dietary elimination of cow’s milk results in symptomatic
improvement, and reintroduction of cow’s milk results in recurrence of symptoms. It has been
postulated that antigen-antibody complexes and cell-mediated hypersensitivity play a
pathogenic role in this syndrome based on the presence of elevated serum levels of milk-
specific 1gG antibodies and the in vitro proliferative response of the patient’s lymphocytes to
milk antigen [29].

Serous Otitis Media

Serous otitis media, defined as non-purulent collection of fluid in the middle ear, is a
multifactorial disease [148]. Food allergy may play a role in the pathogenesis in a subgroup
of children with serous otitis media [149-151]. It has been hypothesized that allergic
inflammation in the nasal mucosa may cause Eustachian tube dysfunction which may result in
serous otitis media [130,150]. 1gG complexes with cow’s milk protein might also contribute
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to the middle ear inflammation [152]. In the study by Aydogan et al., food allergy was
detected in 25 (44.6%) of 56 patients with serous otitis media [148]. In patients with food
allergy, serous otitis media was detected in 7 (25%) of 28 patients. In the control group of 28
patients, food allergy was diagnosed in 5 (18%) patients and serous otitis media in one (3%)
patient. The incidence of food allergy in serous otitis media group was statistically significant
when compared to the normal group (p<0.05). The risk of otitis media in children having
food allergy was 3.7 times higher than the control (p<0.05). Bernstein et al evaluated 100
patients aged 2 tol8 vyears with recurrent serous otitis media for IgE-mediated
hypersensitivity [149]. Thirty five of these patients had allergic rhinitis. Total IgE was
increased in the middle ear fluid in 16 of the 35 patients with allergic rhinitis and in only 2 of
the 65 patients in the non-allergic group. In 8 of these 16 patients (23% of the allergic group),
levels of IgE per milligram of protein were higher in the middle ear effusion than in the
corresponding serum, thus suggesting local production of IgE by the middle ear mucosa in
these patients. In a subset of infants with recurrent serous otitis media, 1gG complexes with
food antigen may contribute to middle ear inflammation and serous otitis media [130,152].
Nsouli et al. evaluated 104 unselected children with recurrent serous otitis media for food
allergy [151]. There was a significant statistical association, by chi-square analysis, between
food allergy and recurrent serous otitis media in 81 (78%) of the 104 patients. An elimination
diet led to a significant amelioration of serous otitis media in 70 (86%) of 81 patients. An
open challenge diet with the suspected offending food(s) provoked a recurrence of serous
otitis media in 66 (94%) of 70 patients. Further studies with double-blind placebo-controlled
food challenge are necessary to confirm these findings.

Meéniere’s Disease

Méniere’s disease is characterized by recurrent vertigo, fluctuating hearing loss, aural
fullness or pressure, and tinnitus [153,154]. Derebery et al. did a mail-survey on 1490
patients with Méniére’s disease [153]. Of 734 respondents with Méniere’s disease, 296
(40.3%) had or suspected food allergies and 272 (37%) had confirmatory skin or in vitro tests
for allergy. These prevalence rates were significantly higher than those found in the control
group of patients (n=172) with otologic problems other than Méniére’s disease, of which 43
(25%) had or suspected food allergies and 38 (22.2%) had confirmatory skin or in vitro tests
for allergy (differences all significant at p<0.005). Keles et al. studied 46 patients aged
between 26 and 68 years and 46 age-matched controls. The authors found that total serum IgE
levels were above the normal levels in 19 (41.3%) of the patients with Méniére’s disease and
9 (19.5%) of the controls [154]. A history of allergy was found in 31 (67.3%) of the patients
with Méniére’s disease and 16 (34.7%) of the controls. When the specific IgE levels were
measured (all seasons, tree, fungus, fruit, egg white, cow’s milk, wheat flour, corn flour, beef,
and rice), the number of patients having all the panels negative was eight (17.9%) in patients
with Méniere’s disease and 31 (67.3%) in the controls. Cow’s milk allergy was the most
common identifiable cause of Méniére’s disease. It has been hypothesized that immune
complexes circulating in the blood might hinder the filtering ability of the endolymphatic sac
[154].
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GENERALIZED MANIFESTATIONS
Systemic Anaphylaxis

Systemic anaphylaxis is an uncommon but potentially fatal manifestation of food allergy
[109]. Systemic anaphylaxis usually occurs within minutes, but occasionally hours after the
ingestion of an offending food [155]. Peanuts, nuts, eggs, and seafood are responsible for the
majority of these reactions [65,156]. Systemic anaphylaxis results when antigen binds to
allergen-specific IgE on mast cells and basophils with sudden release of potent biologically
active inflammatory mediators affecting multiple target organs [45]. The mediators include
histamine, heparin, and tryptase [7]. Early symptoms may include pruritus, “metallic” taste in
the mouth, sensation of tightness in the throat, flushing, urticaria, dizziness, nausea, vomiting,
abdominal pain, angioedema, and wheezing [157]. This may rapidly progress to laryngeal
edema, dyspnea, stridor, diaphoresis, cyanosis, chest pain, hypotension, cardiac dysrhythmias,
and shock [52,158]. The degree of anaphylactic reactions varies and may be manifested in a
partial form [12]. In general, the more rapidly anaphylaxis occurs after exposure to an
offending agent, the more likely the anaphylactic reaction is to be severe and potentially life-
threatening [156]. Anaphylactic reactions to foods can be biphasic with an early and late
phase separated by one to eight hours or there may be multiple recurrences separated by
asymptomatic periods lasting for hours [10,68]. Some very severe anaphylactic reactions are
protracted and last continuously for many hours without remission [68]. Risk factors for
severe anaphylactic reactions include history of a previous anaphylactic reaction, history of
poorly controlled asthma, allergy to peanuts, nuts and shellfish, and use of B-blockers or
acetycholinesterase inhibitors [1,159]. Low levels of serum platelet-activating factor
acetylhydrolase may be a marker for more severe food-induced anaphylaxis [159].

Food-Dependent Exercise-Induced Anaphylaxis

Anaphylaxis has been reported after the ingestion of foods in association with exercise
[160-162]. Food-dependent exercise-induced anaphylaxis represents 7 to 9% of anaphylactic
reactions [163,164]. The condition is twice as common in females and 60% of cases occur in
individuals under the age of 30 years [157,159,163]. There is often a history of atopy [163].
One subset of patients may develop anaphylaxis in temporal proximity to ingestion of any
type of food [44,157]. The other subset may develop anaphylaxis with exercise in conjunction
with ingestion of a specific food [157]. The latter subset is more common than the former
subset [157]. Foods associated with food-specific exercise-induced anaphylaxis include
crustaceans, celery, grapes, tomato, wheat, buckwheat, chicken, and dairy products [44,165].
Rarely, two foods have to be eaten together to provoke an anaphylactic attack [167]. When
each food is taken separately, food-dependent exercise-induced anaphylaxis does not occur
[167]. Typical symptoms include urticaria, angioedema, dyspnea, and abdominal pain [168].
These may progress to hypotension and shock. Loss of consciousness is seen in
approximately 30% of cases [168].

Although various exercises may lead to anaphylaxis in susceptible individuals, jogging is
the exercise most frequently reported, followed by aerobics and walking [44,163,169].



106 Alexander K. C. Leung and Deepak Kamat

Anaphylaxis usually occurs when exercise takes place within two to four hours of food
ingestion [157]. Unlike exercise-induced anaphylaxis, anaphylactic symptoms develop only
in the presence of both food ingestion and exercise [170]. Food-dependent exercise-induced
anaphylaxis often presents with pruritus about the scalp before the symptoms become
generalized [157].

The exact mechanism of food-dependent exercise-induced anaphylaxis is not known.
There is evidence of IgE-mediated sensitization to the food allergen [163]. Skin testing may
show an immediate flare-and-wheal reaction to the implicated food [162]. Blood flow
differences to the gut, increased food allergen absorption, increased spontaneous leukocyte
histamine release, lowered mast cell releasability threshold, and enhanced mast cell
responsiveness to physical stimuli may have a role in the pathogenesis of this condition
[44,162,169,171].

Hyperactivity

A few anecdotal reports have suggested a role of food allergy in some children with
hyperactivity [172,173]. To date, controlled studies have not substantiated the efficacy of an
elimination diet in the treatment of hyperactivity [174]. The placebo effect may account for
the favorable results in some of the uncontrolled studies [174-176].

NEUROLOGIC MANIFESTATIONS
Migraine

Several double-blind studies have shown that some patients with migraine had adverse
reactions to certain foods, as shown by dietary exclusion and subsequent challenge [177-179].
There was no clearly proven immunologic effect of food components in many of these
patients [12]. Migraine can be triggered by foods rich in tyramine, tryptamine, serotonin, and
histamine, and this is based mainly on pharmacologic rather than immunologic effects
[180,181]. According to the revised nomenclature for allergy published by the European
Academy of Allergy and Clinical Immunology, these kinds of adverse reactions are classified
as toxic reactions rather than food hypersensitivity [182]. The present consensus is that food
allergy does not play a significant role in migraine [110].

Epilepsy

Several authors have proposed a possible role of food allergy in a subset of children with
epilepsy [183-185]. Frediani et al. have noted a significantly higher proportion of allergic
disorders in 72 epileptic patients versus 202 aged-matched controls [184]. Using skin prick
tests, the percentage of epileptic children who tested positive for cow’s milk protein (24/72)
and especially for lactalbumin (16/72) and B-lactoglobulin (10/72) was significantly higher
than the percentage of controls that tested positive for the same allergens: 7/202 for cow’s
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milk protein, 4/202 for lactalbumin, and 2/202 for p-lactoglobulin. In patients with allergic
disorders, there is an increase in the proportion of electroencephalographic anomalies, often
in the form of occipital dysrhythmias [184]. Crayton et al. reported on a patient whose
epileptic fits were triggered and increased in frequency by double-blind food challenges
[183]. Frediani et al. reported on a nine-year-old boy whose epileptic symptoms disappeared
as a result of an allergen-free diet with no anticonvulsant therapy [185].

ENDOCRINE MANIFESTATION

Diabetes Mellitus

Cow’s milk has been implicated as a possible trigger of the autoimmune response that
destroys pancreatic B-cells in genetically susceptible individuals, thereby leading to diabetes
mellitus [186-188]. Karjalainen et al. measured 1gG antibovine serum albumin antibodies in
the serum of 142 children with newly diagnosed insulin-dependent diabetes mellitus [188].
These children had elevated serum concentrations of 1gG antibovine serum albumin
antibodies that declined after diagnosis and reached normal levels in most patients within one
to two years. These authors speculate that patients with insulin-dependent diabetes mellitus
have immunity to cow’s milk albumin, with antibodies to an albumin peptide that are capable
of reacting with a B-cell-specific surface protein. Such antibodies could participate in the
development of islet cell dysfunction. Cavallo et al. measured the in vitro peripheral T-
lymphocyte response to B-casein in 47 patients with recent-onset insulin-dependent diabetes
mellitus [186]. Twenty four of 47 (51.1%) patients with insulin-dependent diabetes mellitus
versus 0 of 10 patients with autoimmune thyroid disease and 1 of 36 (2.8%) healthy people
had a positive response to -casein. A positive response was defined as a stimulation index
above the mean value plus 2 SD of healthy people. These authors suggest that exposure to
cow’s milk triggers a cellular and humoral anti- #-casein immune response that may cross-
react with a B-cell antigen and lead to destruction of the p-cell. A subsequent study, however,
showed a lack of association between early exposure to cow’s milk and B-cell autoimmunity
[189]. Norris et al. screened 253 children aged nine months to seven years with first-degree
relatives who had insulin-dependent diabetes mellitus for B-cell autoimmunity [189].
Eighteen cases of B-cell autoimmunity were detected at baseline. These children were
compared with 153 unrelated autoantibody-negative children selected from the cohort as
controls. There were no differences in the proportion of cases and controls that were exposed
to cow’s milk or foods containing cow’s milk by 3 months or 6 months of age. Further studies
are necessary to clarity this important issue.

RENAL MANIFESTATIONS

Nephrotic Syndrome

Food allergy may play a role in the pathogenesis of nephrotic syndrome in a selected
group of children [190-193]. Sandberg et al. reported 6 children with steroid-responsive
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nephrotic syndrome [190]. In the relapse period, a milk-free diet led to remission without
steroid therapy. In the remission period, challenge with cow’s milk resulted in a relapse in 4
patients. Sieniawska et al. evaluated the role of cow’s milk in 17 children with steroid-
resistant nephrotic syndrome [193]. Cows’ milk was excluded from the diet for at least 14
days without changing the previously ineffective prednisone dosage. Six patients went into
remission three to eight days after the elimination of cow’s milk. After a period of two to
three weeks of remission, cow’s milk challenge was positive in three of the six patients. The
group of responders to a milk-free diet was characterized by young age, feeding with cow’s
milk or unmodified powdered milk formulas in the neonatal period, and coexistence of
allergic symptoms. The authors suggest that cellular mechanisms may play a role in cow’s
milk-induced steroid-resistant nephrotic syndrome as evidenced by the late-onset reaction to
cow’s milk challenge, positive leukocyte migration inhibition tests, absence of specific IgE
antibodies, and negative skin test results. These studies, however, contain some design flaws
and better objective studies are needed to prove the association between milk ingestion and
nephrotic syndrome.

Nocturnal Enuresis

Several authors have noted that food allergy might play a role in nocturnal enuresis [194-
196]. Mungan et al. studied an allergy panel that included total IgE, 10 examples of inhalant-
specific IgE, 10 examples of food-specific IgE, eosinophilic cationic protein and Phadiotop
on 37 children with nocturnal enuresis and 18 children without nocturnal enuresis as a control
[94]. The authors did not find statistically significant differences between the two groups in
terms of levels of total IgE, the 10 examples of inhalant-specific IgE and Phadiotop.
However, two (soybean and hazelnut) of the 10 food-specific IgE and eosinophilic cationic
protein level did differ significantly between the two groups. Further studies are necessary
before a causal relationship can be established.

HEMATOLOGIC MANIFESTATIONS

Anemia

Iron deficiency anemia may develop in children with cow’s milk allergy secondary to
gastrointestinal blood loss. This may be caused by milk-induced enterocolitis syndrome [54],
milk-induced colitis, allergic eosinophilic gastroenteropathy [52], and Heiner syndrome
[146].

Thrombocytopenia
A few anecdotal reports suggest that thrombocytopenia may be caused by food allergy

[197-199]. Whitefield and Barr reported a girl with the syndrome of thrombocytopenia and
absent radius who showed marked gastrointestinal disturbance with clinical evidence of



Clinical Manifestations of Food Allergy 109

cow’s milk allergy and in whom there appeared to be a direct correlation between cow’s milk
exposure, gastrointestinal upset, and thrombocytopenia [197]. Jones reported a newborn male
infant with idiopathic thrombocytopenic purpura in whom withdrawal of a milk formula
produced an improvement in the platelet count and reintroduction of the milk formula led to
hematologic relapse on two occasions [198]. It has been suggested that a type Il cytotoxic
reaction may account for the thrombocytopenia seen after the ingestion of milk [199].

CARDIOVASCULAR MANIFESTATION
Vasculitis

Food-induced vasculitis has been described [200,201]. In the majority of cases, it is
mediated by type Il immunologic reaction (Arthus type) in which the antigen combines with
its specific 1gG and complement to form circulating complexes [200]. The circulating
complexes deposit in the small blood vessels and initiate vasculitis. Occasionally, food-
induced vasculitis may be IgE-mediated. Businco et al. reported two patients with
leucocytoclastic vasculitis confirmed by skin biopsy [200]. The first patient had cutaneous
vasculitis with large joint involvement, caused by cow’s milk and egg as confirmed by blind
food challenge. The second patient had cutaneous and mucous membrane vasculitis with
large joint involvement caused by chocolate. Lunardi et al. described five patients with
allergy and cutaneous vasculitis of 1 to 13 years’ duration [201]. Double-blind food
challenges identified the offending agent to be a food in two patients, an additive in another
two patients, and both food and additive in the fifth patient.

RHEUMATIC MANIFESTATION

Arthropathy/Arthritis

A few anecdotal reports suggest that arthropathy/arthritis may be the result of food
hypersensitivity [202-204]. Parke et al. described a 38-year-old woman who had progressive
rheumatoid arthritis for 11 years [205]. Her rheumatoid arthritis improved within three weeks
of changing to a milk-free diet and deteriorated within 24 hours with a milk challenge.
Golding reported three patients with food-induced synovitis [206]. van de Larr et al.
described six patients with rheumatoid arthritis which responded to a diet limited to an
elemental formula [207]. Double-blind placebo-controlled trial confirmed a relationship with
specific food in four of the six patients. Long-term benefit from avoidance of the specific
foods, however, was noted only in two patients. Panush monitored 97 patients with
inflammatory arthritis and found that no more than 5% of the patients with rheumatic disease
had immunologic sensitivity to foods [204]. Denman et al. have not been able to detect any
consistent correlation between controlled dietary challenges and exacerbations of
inflammatory arthritis [208]. In those cases in which inflammatory arthritis responds to
dietary manipulation, it is possible that dietary restriction non-specifically moderates the
inflammatory manifestations of the disease or the placebo effect may be responsible [208].
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Karatay et al. have shown that individualized diet challenges consisting of allergenic foods
may regulate tumor necrosis factor-a and interleukin-1pB levels in selected patients with
rheumatoid arthritis [209]. Tumor necrosis factor-a and interleukin-1f are cytokines which
promote inflammation and may play an important role in the development of rheumatoid
arthritis [209].

CONCLUSIONS

The clinical manifestations of food allergy can be protean. There is usually a clear
temporal relationship between the allergic reaction and prior exposure to food. At times,
recognition of the allergic symptoms can be difficult as they may develop hours or days after
food ingestion and the presentation could be atypical or unusual. In addition, the offending
agent might not be the main food that was ingested [210]. Awareness of the various clinical
manifestations of food allergy is important so that appropriate investigations can be planned
and treatment initiated.
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ABSTRACT

Genuine food allergy affects approximately 5% of children and less than 1% of
adults. The underlying mechanism is complex and involves immediate (type 1) or
delayed (type 1V) sensitization to food proteins. The gold standard for the diagnosis of
genuine food allergies is by double-blind placebo-controlled food challenge test. The
literature gives ambiguous data on the association between food allergies and atopic
diseases. In asthma, aeroallergens such as house dust, mites, and pollens are well known
allergens. Apart from type | hypersensitivity reaction precipitating acute anaphylactic
and asthmatic attacks by peanuts, egg or crustacean seafood, the association with food
allergens is probably less prevalent. Allergic rhinitis/allergic rhinoconjunctivitis as the
sole manifestation of food allergy is quite uncommon. Food allergy plays an
immunopathogenic role in 30 to 50% of children with moderate to severe atopic
dermatitis.
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INCIDENCE OF FOOD ALLERGY

Food allergy is a very popular topic in childhood atopies. The exact incidence of food
allergy varies between study populations. Up to 25% of adults believe that they or their
children are afflicted with a food allergy [1]. However, the actual prevalence of food allergy
in children during their first 3 years of life is approximately 6 to 8%, and many children then
develop clinical tolerance. Genuine food allergy affects approximately 5% of children and
less than 1% of adults in various studies [2]. Food allergy encompasses a whole spectrum of
disorders, with symptoms that may be cutaneous, gastrointestinal or respiratory in nature. The
most common food allergens in adults are shellfish, peanuts, tree nuts, fish and eggs, and the
most common food allergens in children are milk, eggs, peanuts, and tree nuts [1-5]. The
definition of food allergy is, however, often quite imprecise. Venter et al. followed a birth
cohort of 966 infants on the Island of Wight, United Kingdom born between September 2001
and August 2002 to the age of one year [6]. Cumulative incidence of parentally reported food
hypersensitivity was 25.8%. Open or double-blind, placebo-controlled food challenges were
used to confirm suspected reactions. Only 2.2% of those tested were confirmed to have food
allergy, indicating the need to evaluate suspected food allergy to avoid needless dietary
restriction. Food allergy is an abnormal immunological reaction to a food or food additive
that causes an adverse reaction. Food allergy is therefore distinct from other adverse
responses to food which may share similar clinical features, such as food intolerance,
pharmacologic reactions, and toxin-mediated reactions.

PATHOPHYSIOLOGY OF FOOD ALLERGY

The underlying mechanism of food allergy is complex and involves immediate (type I) or
delayed (type IV) sensitization to food proteins [1,7,8]. The immune pathogenesis is in the
majority of cases, IgE-mediated although it may also be cell-mediated (non-IgE) or mixed
IgE/cell-mediated. Generally, introduction of allergens through the digestive tract is thought
to induce immune tolerance. In atopic individuals, the immune system produces IgE
antibodies against protein epitopes on non-pathogenic substances, including dietary
components. The IgE molecules are coated onto mast cells, which inhabit the mucosal lining
of the digestive tract. Upon ingesting an allergen, the IgE reacts with its protein epitopes and
degranulates the mast cells to release a number of chemicals (including histamine).
Immediate acute reaction usually occurs within seconds to 1 to 2 hours following
consumption of the food allergen and may include angioedema of the eyelids, face, lips,
tongue, and trachea. There may be itching of the mouth, throat, eyes, or skin. Gastrointestinal
symptomatology includes nausea, vomiting, diarrhea, and abdominal cramps. Upper airway
symptoms include rhinorrhea and nasal congestion, whereas lower airway symptoms include
wheezing and shortness of breath. Severe anaphylaxis may lead to hypotension, loss of
consciousness, and even death. In the delay type of food allergy, the gastrointeestinal tract (in
the form of esophagitis, gastroenteritis, colitis, enteropathy) and skin (in the form of eczema)
are often involved. Nevertheless, the term “food allergy” is loosely used by layman, among
parents and by the press, and may encompass such conditions as lactose and fructose
intolerance which has nothing to do with food allergies.
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Epidemiological trends of allergic diseases and asthma in children reveal a global rise in
their prevalence over the past 50 years. As an explanation for the increasing trends of atopies,
the “hygiene theory” has become popular in recent years. The theory speculates that in the
modern, industrialized nations, food allergy is more common due to the lack of early
exposure to dirt and germs, in part due to the overuse of antibiotics and antibiotic cleansers.
This “over-simplistic” theory is based partly on studies showing low incidence allergy in third
world countries. The body, with less dirt and germs to fight off (the T-helper 1 immune
system), turns on itself and attacks food proteins as if they were foreign invaders (the T-
helper 2 system) [9-12].

DIAGNOSING FOOD ALLERGY

A detailed dietary history or diary is of utmost importance. Various tests may be
performed if the symptoms are consistent with allergy to a particular food. The gold standard
for the diagnosis of genuine food allergies is by double-blind placebo-controlled food
challenge test. The procedure requires tertiary and dietitian supports. It is tedious,
cumbersome and expensive, and is seldom feasible in general practice.

Skin prick testing is easy to do and results are available in minutes. In these tests, a tiny
amount of the suspected allergen is introduced into the epidermis by a prick. This puts a small
amount of the allergen under the skin. A hive will form if the person is allergic to the
allergen. The positive predictive values are generally low [13]. Skin tests cannot predict if a
reaction would occur or what kind of reaction might occur if a person ingests that particular
allergen. Nevertheless, they can confirm an allergy in light of a patient's history of reactions
to a particular food. Negative skin tests essentially confirm the absence of IgE-mediated
allergic reactivity (negative predictive accuracy >95%) [1]. Non-IgE mediated allergies,
which are probably more relevant in eczema, cannot be detected by this method. Skin-prick
testing is often used to identify food sensitization, although double-blind placebo-controlled
food challenge tests remain the gold standard for diagnosis. Recent evidence suggests that
quantitative IgE measurements can predict the outcome of double-blind placebo-controlled
food challenge tests and can replace about half of all oral food challenges. When a meticulous
medical history is obtained in combination with IgE quantification, even fewer patients may
require formal food challenges. It has also become possible to map the IgE-binding regions of
many major food allergens. This may help to identify children with persistent food allergy, as
opposed to those who may develop clinical tolerance. In future, microarray technology may
enable physicians to screen patients for a large number of food proteins and epitopes, using
just a few drops of blood [1].

Blood tests are another useful diagnostic tool for evaluating IgE-mediated food allergies.
The RAST (RadioAllergoSorbent Test) detects the presence of IgE antibodies to a particular
allergen. A CAP-RAST test is a specific type of RAST test with greater specificity: it can
show the amount of IgE present to each allergen. Predictive values for certain foods have
been determined [14]. These predictive values can be compared to the RAST blood test
results. If the RAST score is higher than the predictive value for that food, then there is over
a 95% chance that the person will have an allergic reaction (limited to rash and anaphylaxis
reactions) if the food is ingested. Currently, predictive values are available for the following
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foods: milk, egg, peanut, fish, soy, and wheat [15]. Blood tests allow for hundreds of
allergens to be screened from a single sample, and cover food allergies as well as inhalants.
However, non-IgE mediated allergies cannot be detected by this method.

Blood testing methodologies currently available that can measure IgG are not acceptable
as a method of allergy evaluation as 1gG antibodies are not implicated in a food allergy
reaction. The significance of IgG anti-allergen antibodies was lacking as reviewed by the
American Academy of Allergy and Immunology. Although a number of commercial labs sell
tests that reportedly measure IgG antibodies against common allergens, there is no clinical
significance of such findings. It is not established that these commercial assays actually
measure the 1gG antibodies that they report. Also, even if the assays are measuring IgG anti-
allergen antibodies, the clinical significance of such antibodies is certainly not established.
The significance of IgG anti-food antibodies is particularly questionable since many children
with such antibodies in their serum tolerate the foods in question perfectly well. There has
been no study to date to validate the usefulness of IgG.

In recent years, the atopy patch test (APT) employed in conjunction with specific IgE
assays or skin prick test have been found to be helpful in the diagnosis and treatment of
patients with food allergy [7]. The atopy patch test for each food allergen has to be validated
with double-blind, placebo-controlled food challenge. There is a need for larger studies in
order to investigate what the best formulations might be for atopy patch tests. It has been
demonstrated that atopy patch tests, together with determination of specific IgE levels, reduce
the need for oral food challenges in children with atopic dermatitis [15].

One study investigated 437 children (median age, 13 months; 90% with atopic dermatitis)
referred for evaluation of suspected food allergy. Specific serum IgE measurements, skin
prick tests, atopy patch tests, and placebo-controlled oral food challenges were performed.
Eight hundred and seventy three oral challenges with cow's milk, hen's egg, wheat, and/or soy
were analyzed. One thousand seven hundred single atopy patch tests were performed. As a
single parameter, the atopy patch tests showed the best specificity compared with specific
serum IgE measurements, skin prick tests, or both. Combining the atopy patch test with either
the skin prick test or specific serum IgE measurement resulted in improved sensitivity and
specificity. Decision points for specific serum IgE measurement and for the skin prick test
showed lower values when combined with a positive atopy patch test result. With combined
testing, including atopy patch tests, only between 0.5% and 7% (99% predicted probability)
and between 6% and 14% (using 95% predicted probability) of children would fulfill the
criteria for avoiding an oral food challenge. The predictive capacity of the atopy patch test is
improved when combined with specific serum IgE measurement or the skin prck test; oral
food challenges become superfluous in only 0.5% to 14% of study patients. The study shows
that the atopy patch test is time-consuming and demands a highly experienced test evaluator.
For daily clinical practice, the atopy patch test adds only a small predictive value to the
standard skin prick test and specific serum IgE measurement in the diagnostic workup of
suspected food-related symptoms in our study population [16]. As the sensitivity of atopy
patch test is generally low, the test must be standardized against double-blind placebo-
controlled food challenge test [17,18].

The interpretation of the atopy patch test to many foods has not been standardized. The
study by Heine et al. aimed to validate the reading of the atopy patch test in terms of the
diagnostic accuracy of individual skin signs [18]. Eighty-seven children (mean age 2.4 + 2.5
yr, range 0.5-13.5; 57 male) with atopic dermatitis and suspected food allergies underwent
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atopy patch test to cow's milk, hen's egg, wheat and soy. Twelve-millimetre Finn chambers
were applied for 48 hours, and results were read after 48 and 72 hours. Skin changes were
graded for erythema, induration, papule formation and “crescendo” phenomenon (increase of
skin sign severity from 48 to 72 hours). Food allergy was assessed by double-blind, placebo-
controlled food challenges. Sensitivity, specificity and predictive values were calculated for
each skin signs in relation to challenge outcome. Of 165 double-blind, placebo-controlled
food challenges, 75 (45%) were positive. The combination of any skin induration plus
papules (seven or more), or of moderate erythema plus any induration plus seven or more
papules had a positive predictive value and specificity for the challenge outcome of 100%;
however, the sensitivity was low (8% to 15%). The best diagnostic accuracy for single signs
was found for induration beyond the Finn chamber margin (positive predictive value 88%,
specificity 99%, sensitivity 9%) and presence of at least seven papules (positive predictive
value 80%, specificity 96% sensitivity 21%). Presence of both induration and at least seven
papules at 72 hours were the skin signs with the greatest diagnostic accuracy for food allergy
in children with atopic dermatitis [18].

Food challenges, especially double-blind placebo-controlled food challenges, are the gold
standard for diagnosis of food allergies, including most non-IgE mediated reactions [1,3,7,8].
Blind food challenges involve packaging the suspected allergen into a capsule, giving it to the
patient, and observing the patient for signs or symptoms of an allergic reaction. Due to the
risk of anaphylaxis, food challenges are usually conducted in a hospital environment in the
presence of a doctor.

Additional diagnostic tools for evaluation of eosinophilic or non-IgE mediated reactions
include endoscopy, colonscopy and biopsy. These tests are occasionally performed in less
strict forward cases.

Foob ALLERGY AND ATOPIES: THE ASSOCIATION

The literature gives ambiguous data on the association between food allergies and atopic
diseases. Apart from acute severe reactions such as anaphylaxis, it appears that food allergy
plays a more significant role in young children with eczema but not airway atopies such as
allergic rhinoconjunctivitis or asthma. The concept that children at risk of developing allergic
diseases follow an ‘atopic march’ in that these children manifest food allergy and eczema
during infancy which ‘march’ later into airway allergies of asthma and allergic rhinitis has
recently be challenged [12]. Evidence suggests that the risk of subsequent childhood asthma
is not increased in children with early atopic dermatitis who are not also early wheezers,
suggesting a co-manifestation of phenotypes rather than a progressive atopic march [12].

Food Allergy and Asthma

In asthma, aeroallergens such as house dust, mites, and pollens are well known allergens.
Apart from type | hypersensitivity reaction precipitating acute anaphylactic and asthmatic
attacks by peanuts, egg or crustacean seafood, the association with food allergens is probably
less prevalent. Food-triggered asthma is rare and estimated to occur only among 6 to 8% of
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children with asthma and less than 2% of adults with asthma. Contrary to the beliefs of many,
there are only very few confirmed food triggers of asthma. Milk, eggs, peanuts, tree nuts,
soy, wheat, fish, shellfish and sulphites and sulphiting agents in foods commonly found in
dried fruits have been found to trigger asthma [19,20]. Many food ingredients such as food
dyes and colors, food preservatives (butylated hydroxyanisole (BHA) and the related
compound butylated hydroxytoluene (BHT) are phenolic compounds that are often added to
foods to preserve fats), monosodium glutamate, aspartame, and nitrite have not been
conclusively linked to asthma.

There has been no study in children but one study in adults to evaluate the relationship
between food allergy and asthma morbidity. A cohort of persistent asthmatics from an inner-
city clinic was interviewed [20]. Allergies to food were assessed by patient report of
convincing symptoms of acute allergic reactions. Outcome variables included health resource
utilization and medication use. The prevalence of allergy to fish, peanut, tree-nut, shellfish,
and seed allergies were 3%, 3%, 3%, 13%, and 1%, respectively. Patients with allergies to
more than one food had increased incidence of asthma hospitalizations, emergency
department visits, and use of oral steroids (p < 0.05 for all comparisons). Specifically, allergy
to fish was associated with a greater risk of health resource utilization and increased
frequency of oral steroid use (p< 0.03 for all comparisons). Self-reported allergy to foods
was associated with worse outcomes, suggesting that food allergy may be a risk factor for
increased asthma morbidity in adults [20]. Another study sought to determine those factors
present in early life that predict an increased risk of adult asthma [19]. A prospective cohort
study of subjects at risk of asthma and atopy was undertaken in Poole, England. One hundred
babies of atopic parents were recruited at birth. During the first 5 years of life, subjects were
recalled annually, all respiratory events were reported, and skin prick tests and total serum
IgE measurements were performed. At 11 and 22 years, bronchial hyperresponsiveness was
also measured. Seventy-three subjects were followed up at 5 years, 67 at 11 years, and 63 at
22 years. Twenty-three (37%) adult subjects reported wheezing within the previous 12
months. Fifteen (25%) of these subjects showed signs of bronchial hyperresponsiveness and
were regarded as asthmatic. Wheezing before the age of 2 years occurred in 28% and was not
significantly related to adult asthma (odds ratio: 0.3; 95% confidence interval: 0.03to 1.7; P =
.19). A positive skin prick test response to hen's egg, cow's milk, or both in the first year was
independently predictive of adult asthma (odds ratio: 10.7; 95% confidence interval: 2.1 to
55.1; P = .001; sensitivity: 57%; specificity: 89%). The authors conclude that prediction of
adult asthma remains difficult. In this study of subjects at risk of atopy, skin sensitivity to
hen's egg or cow's milk in the first year was predictive of adult asthma [19].

In the meta-analysis performed by Ram et al (six trials), infants that were fed hydrolyzed
formula for at least four months had reduced risk of asthma or wheeze during the first year of
life compared to those fed standard cow's milk-based formula (relative risk: 0.40; 95%
confidence intervals 0.19 to 0.85) [21]. Feeding soya-based formula as opposed to standard
cow's milk formula did not reduce the risk of having asthma or wheeze at any age. The
authors recommend that breast-milk should remain the food of choice for all babies. In infants
with at least one first degree relative with atopy, hydrolyzed formula for a minimum of four
months combined with dietary restrictions and environment measures may reduce the risk of
developing asthma or wheeze in the first year of life. There is insufficient evidence to suggest
that soya-based milk formula has any benefit [21]
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Another meta-analysis on soy formula for prevention of allergy and food intolerance in
infants found no significant difference in childhood allergy incidence (2 studies; typical
relative risk: 0.73; 95% confidence interval: 0.37 to 1.44) [22]. No significant difference was
reported in one study in infant asthma (relative risk: 1.10; 95% confidence interval: 0.86 to
1.40), infant eczema (relative risk: 1.20; 95% confidence interval: 0.95 to 1.52), childhood
eczema prevalence (relative risk: 1.10; 95% confidence interval: 0.73 to 1.68), infant rhinitis
(relative risk: 0.94; 95% confidence interval: 0.76 to 1.16) or childhood rhinitis prevalence
(relative risk: 1.20; 95% confidence interval: 0.73 to 2.00). Meta-analysis found no significant
difference in childhood asthma incidence (3 studies, 728 infants; typical relative risk: 0.71;
95% confidence interval: 0.26 to 1.92), childhood eczema incidence (2 studies, 283 infants;
typical relative risk: 1.57; 95% confidence interval: 0.90 to 2.75) or childhood rhinitis
incidence (2 studies, 283 infants; typical relative risk: 0.69; 95% confidence interval: 0.06 to
8.00). One study reported no significant difference in infant cow’s milk protein intolerance
(relative risk: 1.09; 95% confidence interval: 0.45 to 2.62), infant cow’s milk allergy (relative
risk: 1.09; 95% confidence interval: 0.24 to 4.86), childhood soy protein allergy incidence
(relative risk: 3.26; 95% confidence interval: 0.36 to 29.17) and urticaria. No study compared
soy formula to hydrolysed protein formula. The authors conclude that feeding with a soy
formula cannot be recommended for prevention of allergy or food intolerance in infants at
high risk of allergy or food intolerance.

Two trials evaluating formulas containing hydrolyzed protein for prevention of allergy
and food intolerance in infants compared early, short-term hydrolyzed formula to human milk
feeding [23]. No significant difference in infant allergy or childhood cow's milk allergy was
reported. No eligible trial compared prolonged hydrolyzed formula to human milk feeding.
Two trials compared early, short-term hydrolyzed formula to cow's milk formula feeding. No
significant benefits were reported. One large quasi-random study reported a reduction in
infant cow’s milk allergy of borderline significance in low risk infants (relative risk: 0.62;
95% confidence interval: 0.38 to 1.00) [23]. Ten eligible studies compared prolonged feeding
with hydrolyzed formula versus cow's milk formula in high risk infants. Meta-analysis found
a significant reduction in infant allergy (seven studies, 2514 infants; typical relative risk: 0.79,
95% confidence interval: 0.66 to 0.94), but not in the incidence of childhood allergy (two
studies, 950 infants; typical relative risk: 0.85; 95% confidence interval: 0.69 to 1.05). There
was no significant difference in infant eczema (eight studies, 2558 infants; typical relative
risk: 0.84; 95% confidence interval: 0.68 to 1.04), childhood eczema incidence (two studies,
950 infants, typical relative risk: 0.83: 95% confidence interval: 0.63 to 1.10), childhood
eczema prevalence (one study, 872 infants; relative risk: 0.66: 95% confidence interval: 0.43
to 1.02), or infant or childhood asthma, rhinitis and food allergy. One study reported a
significant reduction in infants with cow’s milk allergy with confirmed atopy (relative risk:
0.36; 95% confidence interval: 0.15 to 0.89). Subgroup analysis of trials blinded to formula
found no significant difference in infant allergy (four studies, 2156 infants; typical relative
risk: 0.87; 95% confidence interval: 0.69, 1.08) or childhood allergy incidence (one study,
872 infants; relative risk: 0.91; 95% confidence interval: 0.73 to 1.14). No eligible trial
examined the effect of prolonged hydrolyzed formula feeding on allergy beyond early
childhood. There is evidence that preterm or low-birth-weight infants fed a hydrolyzed
preterm formula have significantly reduced weight gain, but not in other growth parameters
(head circumference or length). Studies in term infants report no adverse effects on growth.
Subgroup analysis of trials of partially hydrolyzed versus cow's milk formula found a
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significant reduction in infant allergy (six studies, 1391 infants; typical relative risk: 0.79;
95% confidence interval: 0.65 to 0.97) but not childhood allergy, or infant or childhood
asthma, eczema or rhinitis. Methodological concerns were the same as for the overall
analysis. Analysis of trials of extensively hydrolyzed formula versus cow's milk formula
found no significant differences in allergy or food intolerance. Infants fed extensively
hydrolyzed formula compared with partially hydrolyzed formula had a significant reduction
in food allergy (two studies, 341 infants; typical relative risk: 0.43: 95% confidence interval:
0.19 to 0.99), but there was no significant difference in all allergy or any other specific
allergy incidence. Comparing extensively hydrolyzed casein containing formula with cow's
milk formula, one study (431 infants) reported a significant reduction in childhood allergy
incidence (relative risk: 0.72; 95% confidence interval: 0.53 to 0.97). Meta-analysis found a
significant reduction in infant eczema (three studies, 1237 infants; typical relative risk: 0.71;
95% confidence interval: 0.51 to 0.97). One study reported a significant reduction in
childhood eczema incidence (relative risk: 0.66: 95% confidence interval: 0.44 to 0.98) and
prevalence (relative risk: 0.50: 95% confidence interval: 0.27 to 0.92). The authors conclude
that there is no evidence to support feeding with a hydrolyzed formula for the prevention of
allergy compared to exclusive breast feeding. In high risk infants who are unable to be
completely breast fed, there is limited evidence that prolonged feeding with a hydrolyzed
formula compared to a cow's milk formula reduces infant and childhood allergy and infant
CMA. In view of methodological concerns and inconsistency of findings, further large, well
designed trials comparing formulas containing partially hydrolyzed whey, or extensively
hydrolyzed casein to cow's milk formulas are needed [23].

Food Allergy and Rhinoconjunctivitis

Research on food allergies and their associations with allergic rhinitis or allergic
conjunctivitis is scarce. As aforementioned in the meta-analyses evaluating formulas
containing soya or hydrolysed protein for prevention of allergy and food intolerance in
infants, there are methodological concerns and inconsistency of findings [22,23]. Overall, no
protective effects are demonstrated.

In a long-term retrospective analysis of related risk factors and association with
concomitant allergic diseases, hen's egg sensitization was significantly related to the
appearance of asthma and rhinoconjunctivitis [24]. The authors show that egg sensitization,
severity of atopic dermatitis, and onset of rhinoconjunctiviis were positively related to the
occurrence of asthma. Furthermore, their analysis shows that, although the appearance of
rhinoconjunctivitis was proportional to the incidence of atopy and asthma, it was inversely
related to the persistence of atopic dermatitis (corrected odds ratio confidence intervals <1)
[24].

Rhinitis or rhinoconjunctivitis following inhalation of food dusts or vapor is not
uncommon in patients with food allergy. Rhinitis/rhinocojunctivitis typically occurs in
association with other clinical manifestations such as cutaneous and/or gastrointestinal
symptoms during acute allergic reactions to foods. Rhinitis/rhinocojunctivitis as the sole
manifestation of food allergy is quite uncommon.
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Food Allergy and Childhood Eczema

The prevalence of atopic dermatitis has increased two to three folds over the past three
decades in industrialized countries and there is evidence to suggest that this prevalence is
continuing to increase [5,25-27]. The increase in prevalence may be due to increased access
to medical care, improved recognition, better epidemiological reporting, or increased
environmental allergens due to industrialization and pollution. Atopic dermatitis affects 10 to
20% of children and 1 to 3% of adults in the United States and Europe [28].

Food allergy plays an immunopathogenic role in 30 to 50% of children with moderate to
severe atopic dermatitis [1,29-31]. Most children with food allergy react to only one or two
of the most common allergens such as egg, cow milk, nut, peanut, soy, and wheat [1,3-5].
Measuring food-specific serum IgE antibodies to six foods (milk, egg, wheat, soy, peanut,
fish) known to be the most allergenic in children, approximately one third of children with
refractory, moderate-severe atopic dermatitis have IgE-mediated clinical reactivity to one or
more of these food proteins. The prevalence of food allergy in this population is significantly
higher than that in the general population, and an evaluation for food allergy should be
considered in these patients [32]. For children whose food allergy has been identified,
elimination of the offending allergen from the diet seems prudent. Conversely, avoidance of
common foods in children without documented food allergy might result in faddism or
malnutrition [33].

Results regarding the protective effect of breastfeeding vary widely [34,35]. The
American Academy of Dermatology Guidelines Task Force reviewed the subject in 2004 and
found no conclusive evidence that exclusive breastfeeding influences the development of
atopic dermatitis [34]. There is, however, suggestive evidence that prolonged breastfeeding
may delay the onset of atopic dermatitis [34]. In the same year, a group of experts of the
Section of Pediatrics, the European Academy of Allergology and Clinical Immunology
reviewed critically the existing literature and concluded that exclusive breastfeeding for at
least 4 to 6 months in infants with atopic hereditary would result in a lower incidence of
atopic dermatitis [35]. In high risk infants, exclusive breastfeeding for the first six months of
life is recommended which may delay or prevent the onset of atopic dermatitis [35]. When
breastfeeding is not possible, a partially or completely hydrolysed formula is desirable [36].
Allergen avoidance during pregnancy does not have a protective effect against developing
atopic dermatitis and may lead to preterm births and reductions in birth weight. The present
consensus is that dietary intervention in utero is potentially harmful and is not indicated [36].

In atopic eczema, food avoidance is extremely prevalent, especially by parents of infants
and young toddlers. In a minority of infants with genuine allergy to cow’s milk protein, the
use of a hypoallergenic formula will ameliorate the severity of atopic dermatitis. Parents
often try a soy formula. However, soy is another common allergen and the use of soy formula
may not help. The disease often remains severe despite multiple changes of infant formulas
and blind avoidance of many foods. In a small case series, a remarkable improvement in the
severity of the atopic dermatitis was noted after sufficient explanation of the causes of atopic
dermatitis and use of topical therapy [37]. The authors caution that it is a common
misconception that food allergies and atopic dermatitis are always causally related.
Alternatively, they point out that atopic dermatitis results from defective skin barrier function,
for which topical treatment is essential, and the view is similarly shared by other authors [36].
Unjustified focus on food allergies as the primary cause of atopic dermatitis increases the risk



130 Kam-lun Ellis Hon and Alexander K. C. Leung

of unnecessary dietary restriction with resultant malnutrition. Only children with acute
allergic symptoms (for example, urticaria and gastrointestinal symptoms) directly related to
food ingestion should be evaluated for food allergies by a double-blind, placebo-controlled
food challenge.

The pattern of food avoidance is cultural-dependent. In a UK study, egg and diary
products are often avoided by parents. In a Hong Kong study, parents often avoid giving
seafood (especially crustaceans) and beef to their children with eczema. These foods are
believed to be literally “poisonous” to children with eczema and various skin conditions.
Many practitioners of alternative medicine ascribe symptoms to food allergy whereas other
doctors do not. The causal relationships between some of these conditions and food allergies
have not been evaluated extensively enough to provide sufficient evidence to become
authoritative. Conversely, studies have demonstrated that the majority of children with
allergies to milk, egg, soy, and wheat will outgrow their allergy.

Food allergy and atopic dermatitis in young children are believed to be more likely to be
cell-mediated and have been evaluated using atopic patch tests [15,38,39]. Using more
vigorous assessment with double-blind placebo-controlled oral food challenges in patients
with more severe eczema, the role of food allergy may be more clear-cut. Food
hypersensitivity is reported to play an immunopathogenic role in atopic dermatitis in
approximately one-third of children. In 320 selected children with moderate to severe atopic
dermatitis, 63% of children were found to have food hypersensitivity by double-blind
placebo-controlled food challenges. Both IgE-mediated mast cell and mononuclear cell
activation appear responsible for the eczematous lesions resulting from ingestion of food
allergens [8]. Furthermore, 132 children with severe atopic dermatitis were evaluated for food
hypersensitivity using double-blind placebo-controlled oral food challenges. Fifty-nine
percent of the children experienced at least one immediate hypersensitivity response.
Definitive diagnosis of food allergy and initiation of an appropriate elimination diet resulted
in significant clinical improvement in the majority of patients with atopic dermatitis and food
hypersensitivity [3].

In a long-term retrospective analysis of related risk factors and association with
concomitant allergic diseases, atopic dermatitis had completely disappeared in 124 cases
(60.5%). Other allergic manifestations that appeared included asthma in 70 cases (34.1%)
and rhinoconjunctivitis in 118 cases (57.6%). Generally the average age of patients
recovering from atopic dermatitis was higher in severe atopic dermatitis (6.0 + 3.5 years) than
in its moderate or mild forms (5.8 + 4.5 and 5.5 * 3.9 years, respectively). This phenomenon
was particularly evident in children with hen's egg sensitization, who show a longer
persistence of the condition (Student t = 2.462 and P < .02). The initial severity score of
atopic dermatitis was found to be associated with a high frequency of asthma appearance
(Pearson y* = 14.225 and P < .001). Hen's egg sensitization was significantly related to the
appearance of asthma (Fisher's exact test P < .007) and rhinoconjunctivitis (Fisher's exact test
P < .05). A retrospective analysis of relative risk factors and their association with
concomitant allergic diseases in their case studies shows that the egg sensitization, severity of
atopic dermatitis, and onset of rhinoconjunctivitis were positively related to the occurrence of
asthma. In addition, their analysis shows that, although the appearance of rhinoconjunctivitis
was proportional to the incidence of atopy and asthma, it was inversely related to the
persistence of atopic dermatitis. The authors conclude that the use of defined criteria of
clinical diagnosis for the determination of the condition's severity, along with the
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performance of objective allergometric tests at the time of inclusion, shows that the course of
atopic dermatitis is significantly related to egg sensitivity. In addition, the average healing
time is higher in egg-sensitive patients affected by the most severe form of atopic dermatitis
than in mild or moderate cases [24].

CONCLUSIONS

Food allergy may be associated with eczema and occasionally with airway atopies. It
should be accurately diagnosed and evaluated by a combination of tests with or without food
challenge in young children with more severe disease. In the less severe cases, food
sensitization/allergy may not be associated with disease severity and vigorous investigations
are probably not indicated. It is important to evaluate whether the atopic patients are
genuinely “allergic” to some of these food items. Management is suboptimal if children with
food allergy and severe disease continue to consume the culprit food. Conversely, avoidance
of common foods in children without food allergy could result in food faddism or
malnutrition.
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ABSTRACT

The definitive treatment of food allergy is strict elimination of the offending food
from the diet. Symptomatic reactivity to food allergens is generally very specific, and
patients rarely react to more than one food in a botanical or animal species. If elimination
diets are prescribed, care must be taken to ensure that they are palatable and nutritionally
adequate. Patients must have a good knowledge of food containing the allergen and must
be taught to scrutinize the labels of all packaged food carefully.

Formula-fed infants with cow’s milk allergy should be fed an elemental or
extensively hydrolysed hypoallergenic formula. Soy formulas are inappropriate
alternatives as a significant number of infants who are allergic to cow’s milk are also
allergic to soy. Most children outgrow their food hypersensitivity. As such, rechallenge
testing for food allergy should be performed; the interval between rechallenges should be
dictated by the specific food allergen in question, the age of the child, and the degree of
difficulty in avoiding the food in question

Emergency treatment of food-induced anaphylaxis should follow the basic life
support ABC principles, with the simultaneous intramuscular injection of adrenaline. A
fast-acting H; antihistamine should be considered for the child with progressive or
generalized urticaria or disturbing pruritus. Pharmacological therapies such as mast cell
stabilizers have very little role to play in the treatment of gastrointestinal manifestations
of food allergy.

In high-risk infants, exclusive breastfeeding with introduction of solid foods not
earlier than 6 months of age may delay or possibly prevent the onset of food allergy in
some children. Avoidance of allergenic foods by lactating mothers is often
recommended. When breastfeeding is not possible, the use of a partially or extensively
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hydrolysed hypoallergenic formula is desirable. Prophylactic medications have not been
shown to be consistently effective in the prevention of life-threatening reactions to food.
Their use may mask a less severe reaction to a culprit food, knowledge of which might
prevent a more severe reaction to that food in the future.

Keywords: allergen avoidance, breastfeeding, hydrolysed hypoallergenic formula

INTRODUCTION

Food allergy affects approximately 4 to 8% of young children and 1 to 4% of adults [1-
4]. The key to the management of food allergy is avoidance of foods known to or suspected of
having caused a reaction [5]. Other approaches include pharmacotherapy, education of
patients, and dietary manipulations for the prevention of food allergy in high-risk individuals.
Currently, there is no effective and safe immunotherapy in the management of patients with
food allergy.

AVOIDANCE OF FOOD ALLERGENS

The definitive treatment of food allergy is strict elimination of the offending food from
the diet [6,7]. It is unusual for a child to be allergic to more than one food. Bock studied 480
children with probable food hypersensitivity and found that allergic reaction to more than two
foods occurred in only 10 (2.1%) of the 480 children [8]. Crespo et al. studied 355 children
with food allergy and found that 222 (62.5%) had allergic reactions to only one food, 86
(24.2%) had allergic reactions to two foods, and 47 (13.2%) had allergy to three or more
foods [9]. Symptomatic reactivity to food allergens is generally very specific, and patients
rarely react to more than one food in a botanical or animal species [7,10-12]. However, in
pollen-related food allergy, cross-reactions can occur between phylogenetically distantly
related species such as birch and kiwi or soy [2].

The avoidance of the offending food antigen sounds simple but in reality it is not,
especially if the offending food is ubiquitous and thus difficult to avoid. Avoidance can be
difficult because of cross-contamination of food which may lead to inadvertent ingestion of
the offending food [13]. Accidents most frequently happen in daycare centers, schools, and
restaurants [13,14]. Approximately 50% of affected individuals experience accidental
exposure and reactions every 3 to 5 years [15]. Of the 32 food-related fatalities reported by
Bock et al, at least 87% of patients had a previous history of reaction to the responsible food
allergen [16]. Avoidance of skin contact and inhalation of offending food allergen is also
necessary [17-19]. The importance of education about allergen avoidance cannot be over-
emphasized.

On the other hand, the indiscriminate use of elimination diets without a firm diagnosis is
a widespread malpractice and may lead to psychological dependence on an unsound diet, as
well as vitamin deficiencies, malnutrition, and failure to thrive if multiple foods are
inadvertently avoided [7,20-23]. The diagnosis of food allergens should be based on placebo-
controlled food challenges. Venter et al followed a birth cohort of 966 infants on the Island



Management of the Child with Food Allergy 137

of Wight, United Kingdom born between September 2001 and August 2002 to the age of one
year [24]. Cumulative incidence of parentally reported food hypersensitivity was 25.8%.
Open or double-blind, placebo-controlled food challenges were used to confirm suspected
reactions. Only 2.2% of those tested were confirmed to have food allergy, indicating the need
to evaluate suspected food allergy to avoid needless dietary restriction.

Oral allergy syndrome generally occurs in patients with inhalant allergy to birch,
mugwort, or ragweed pollen and is associated with the ingestion of various fresh fruits (e.g.,
bananas, melons, citrus fruits) and raw vegetables (e.g. carrots, tomatoes, celery) [13,25]. It
is interesting to note that if the offending fruit or vegetable is cooked, then the patient does
not usually experience any symptom as the food allergens are generally destroyed by heating
[26]. Thus, avoiding the offending fruit or vegetable which has been cooked may not always
be necessary.

In some children ingesting ludicrous elimination diets, eating disorders may develop. If
elimination diets are prescribed, care must be taken to ensure that they are palatable and
nutritionally adequate. Patients should be provided with information on what alternative foods
are available so that good variety in the diet can be maintained [27]. A formal dietetic
evaluation is recommended.

Patients and/or their caregivers must have a good knowledge of foods containing the
allergen and must be taught to scrutinize the labels of all packaged food carefully [28].
Careful label reading is the cornerstone of food allergy management [29]. In one study, only
4 (7%) of 60 parents were able to identify milk protein in 14 sample labels [30]. Incorrect or
ambiguous labeling of foods may result in accidental ingestion of the offending food [13].
Also, some of the terms used do not clearly indicate the presence of a food allergen. The
United States Food and Drug Administration (FDA) now requires food manufacturers to
declare and clear label all functional ingredients on food labels [31]. The Food Allergen
Labeling and Consumer Protection Act (FALCPA) effective in January 2006 requires simple
terms to indicate the presence of major food allergens [4]. FALCPA requires food
manufacturers to state explicitly the presence of eight major food allergens, namely, milk,
egg, wheat, soybean, peanut, tree nuts, fish, and shellfish. New EU labeling laws require the
presence of the following food allergens at any level to be stated on the label: celery, cereals
containing gluten (wheat, barley, rye and oats), crustaceans, eggs, fish, milk, mustard, tree
nuts, peanuts, sesame seeds, soybeans, SO, and sulfites (at level >10 mg/kg or >10 mg/L)
[32]. It is mandatory to list all subgredients and specify the source of ingredients previously
listed as “natural flavor”. However, foods that are not prepacked are not covered by this
legislation [27]. Patients and/or their caregivers should be cautioned about the presence of the
offending food as a “hidden” ingredient in processed foods [33,34]. The importance of
communicating with restaurant staff about ingredients when one is dining out cannot be over-
emphasized [35].

Cow’s milk allergy affects 0.3 to 7.5% of infants [36]. The incidence of self-diagnosed
cow’s milk allergy is substantially higher than that reported in randomized, controlled, food
challenge trials [37]. Infants with cow’s milk protein allergy should not be fed either whole
cow’s milk or formulas containing intact whole cow’s milk proteins [36]. It has been
estimated that 15 to 25% of infants who have IgE-mediated cow’s milk allergy are also
allergic to soy, but the rate of tolerance is only 50% for those with non-IgE-mediated cow’s
milk allergy [4,38,39]. A Cochrane analysis of studies comparing soy to hydrolysed cow’s
milk formulas found a significant increase in infant and childhood allergy cumulative
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incidence in infants fed soy formulas [40]. As such, soy formula is not a suitable alternative
[37]. Goat’s milk is not recommended in infants with cow’s milk allergy as goat’s milk also
shares some allergenic protein fractions with cow’s milk [37,41,42]. Infants with cow’s milk
or soy hypersensitivity should be fed a hypoallergenic formula [43]. Extensively hydrolysed
casein formulas such as Nutramigen, Pregestimil, and Alimentum have also been used
successfully in this regard [43,44]. These formulas are hypoallergenic and well tolerated by
children [45]. These formulas, however, are expensive and unpalatable. The partially
hydrolyzed whey hydrolysate Good Start is less expensive and has a better taste [46].
However, it contains slightly larger peptides and significantly more immunologically
identifiable cow’s milk protein, and therefore not suitable for the treatment of cow’s milk
allergy [1,39,47]. Formulas whose protein source is free amino acids (e.g., Vivonex, Ele Care,
and Neocate) are available and are considered as nonallergenic [1,42]. These formulas should
be tried in infants who are very sensitive to cow’s milk protein and cannot tolerate even
extensively hydrolysed formulas [14]. Amino acid-based formulas are also useful in the
treatment of allergic eosinophilic esophagitis and allergic eosinophilic gastroenteropathy [48-
51].

Breastfed infants who develop symptoms of food allergy may benefit from maternal
restriction of cow’s milk, egg, fish, peanuts, and tree nuts [52]. Approximately 50% of infants
who have food protein-induced proctocolitis while nursing improve with elimination of cow’s
milk from the maternal diet [53]. If maternal restriction of food allergens is not successful, an
extensively hydrolysed formula should be tried [52]. If allergic symptoms persist, a free
amino acid-based formula should be considered [52].

Most children outgrow their food hypersensitivity [46]. In contrast, the prognosis for
adults with food allergy is less favorable [2]. It has been shown that approximately 30 to 40%
of children lose their food hypersensitivity after 1 to 2 years of allergen avoidance, even
though the results of skin tests and radioallergosorbent tests may not change [54]. The loss of
hypersensitivity is especially likely to occur in infants and young children, although older
children and adults may also lose their hypersensitivity [55]. The degree of compliance with
allergen avoidance and the allergen responsible may influence the outcome [46]. The majority
of children outgrow cow’s milk allergy by 4 years of age [42]. Hypersensitivity to peanuts,
nuts, egg, fish, and shellfish tends to be more persistent [27,42,54,56]. Consequently,
rechallenge testing for food allergy should be performed; the interval between rechallenges
should be dictated by the specific food allergen in question, the age of the child, and the
degree of difficulty in avoiding the food in question [12,47].

PHARMACOTHERAPY

Symptomatic treatment of complications resulting from the inadvertent ingestion of food
is essentially the same as that for the specific complication resulting from any other cause
[57]. Patients with a history of anaphylactic reaction over the age of seven years as well as
caregivers should be taught how to self-administer epinephrine and should have an
epinephrine auto-injector such as Anapen/Anapen Jr, EpiPen/EpiPen Jr, or Twinjet/Twinjet Jr
and antihistamine available at all times [2,58]. The physician should take appropriate steps to
ensure that the patients and their caregivers understand the indications and use of the device
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thoroughly. These individuals should also be provided with a written anaphylaxis action plan.
The instructions should be clear, simple, and age appropriate. Rehearsal of the procedure is
important.

Epinephrine helps to block severe allergic reactions and anaphylaxis by suppressing
leukotriene and histamine release [59,60]. Epinephrine reverses vasodilatation, increases
blood pressure, dilates airways, reduces laryngeal edema and angioedema, and increases
myocardial contractility [59,60]. For the treatment of anaphylaxis, the recommended dose of
epinephrine 1:1000 (1mg/ml) is 0.01 mg/kg intramuscularly, up to a maximum of 0.3 mg (0.3
ml) in children and 0.5 mg (0.5 ml) in adults [14,59,61]. Peak concentrations are reached
within 10 minutes of intramuscular administration [60,62]. As Anapen Jr, EpiPen Jr, and
Twinjet Jr contain 0.15 mg of epinephrine and Anapen, EpiPen, and Twinjet contain 0.3 mg
of epinephrine, it would be desirable to have a wider range of auto-injector doses [13,59]. The
subcutaneous route is no longer recommended as the systemic levels of epinephrine are
highly unpredictable from this mode of administration [59]. It has been shown that
intramuscular injections into the thigh result in more rapid absorption and higher plasma
epinephrine levels than intramuscular injections into the arm [28,61,63-65]. Epinephrine
works best when given early [13,59].

After the first aid treatment, the patient should be transferred to the nearest emergency
department for monitoring and additional treatment as required [14]. If necessary, the dose of
epinephrine may be repeated at 5 minutes intervals according to cardiorespiratory function
[59,64]. In one study, 16% of patients presenting to the emergency department with food-
induced anaphylaxis required two doses of epinephrine [64]. In patients with severe
anaphylaxis unresponsive to intramuscular epinephrine or with cardiovascular collapse,
epinephrine should be given intravenously with blood pressure and continuous cardiac
monitoring [60,61]. Some of these patients may require volume support, oxygen, nebulized
bronchodilators, parenteral diphenhydramine, ranitidine, and glucocorticosteroids [28,66].
Should this be the case, the patient should be placed in a recumbent position with lower limbs
elevated, as tolerated symptomatically [28,61,63]. This may prevent orthostatic hypotension.
Because of the possibility of a biphasic response, all patients with anaphylaxis should be
observed for at least four hours before discharge.

Patients and/or their caregivers must be educated about early recognition of allergic
symptoms and early management of an anaphylactic reaction [67]. Schools should be
equipped to treat anaphylaxis in allergic students and physicians should help instruct school
personnel about these issues [2]. The Food Allergy & Anaphylaxis Network (FAAN) (10,400
Easton Place, Fairfax, VA 22030-5647; tel.800-929-4040; or www.foodallergy.org) has
excellent educational material for patients, schools, and physicians dealing with food allergy
in addition to a written emergency plan for treatment of an accidental ingestion [12]. It is
suggested that patients at risk for anaphylaxis should always carry two doses of self-injectable
epinephrine [64,68]. An identification necklace or bracelet such as MedicAlert or Medi-Tag
stating the patient’s sensitivity is also advised [1,34]. Referral to an allergist is also
recommended [69].

For the child with progressive or generalized urticaria or distressing pruritus, the
administration of a fast-acting oral H; antihistamine such as hydroxyzine or diphenhydramine
should be considered [10,59,61,70]. H; receptor blockers such as ranitidine are less helpful as
only a small number of H, receptors are found in the skin [70]. Although antihistamines do
not block systemic reactions, they do relieve the itchiness [67].
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The use of drugs such as disodium cromoglycate, ketotifen, and prostaglandin synthetase
inhibitors in the treatment of food allergy has generally been disappointing, either because of
minimal efficacy or unacceptable adverse effects [7,12]. Systemic corticosteroids are rarely
used in the treatment of food allergy, except in severe anaphylaxis, allergic eosinophilic
esophagitis, allergic eosinophilic gastroenteropathy, and dietary-induced enteropathy [67,71].
The side effects of long-term systemic corticosteroid therapy are unacceptable.

Currently, oral administration of activated charcoal is not considered a practical first-aid
treatment for food anaphylaxis [14]. Prophylactic medications have not been shown to be
consistently effective in the prevention of severe life-threatening reactions to foods [5]. Their
use may mask a less severe allergic reaction to a culprit food, the knowledge of which might
prevent a more severe allergic reaction to that food in the future [5]. The use of prophylactic
medications is therefore discouraged.

PROBIOTICS AND PREBIOTICS

The use of probiotics and prebiotics in the management of food allergy is controversial
[72]. It has been hypothesized that the increased sensitization to food allergens might result
from reduced infection or exposure to microbial products such as endotoxin in early
childhood [73]. Prospective studies have found that infants who are prone to develop atopic
dermatitis have lower numbers of Bifidobacterium in their intestinal microflora [74-76]. It
has been shown that probiotics might reverse the increased intestinal permeability
characteristic of children with food allergy and enhance specific IgA responses frequently
defective in children with food allergy [77]. In vitro studies show that allergic patients induce
less IL-10 production and more proinflammatory cytokine production than those nonallergic
individuals [78,79]. Presumably, probiotics act on the intestinal mucosa and stimulate T-cell
differentiation in favor of Thl over Th2, with resultant decreased production of IgE and
increased production of IgA [1,78,80]. Probiotics might also correct aberrations in gut
permeability [81,82]. Prebiotics work by selectively stimulating the growth or activity of a
limited number of bacterial strains in the intestinal flora.

Much work has been done on the use of probiotics and, to a lesser extent, prebiotics in
the management of atopic dermatitis. Several randomized controlled trials failed to show the
beneficial effects of probiotics in the prevention of atopic dermatitis [83]. Other studies
yielded different results [83-88]. Kallioméki et al. randomized 159 mothers and their
respective infants with a family history of atopy to receive either a placebo or 10 CFU of
Lactoobacillus GG for 2 to 4 weeks before delivery and for 6 months after delivery,
respectively [84]. Twenty three percent of the children in the probiotic group versus 46% of
children in the control group were found to have atopic dermatitis at two years of age (RR:
0.51; 95% confidence interval: 0.32-0.84) [84]. The effect was still observed two years later:
26% of children in the treatment group versus 46% of children in the placebo group had
atopic dermatitis (RR: 0.57; 95% confidence interval: 0.33-0.97) [85].

Viljanen et al. randomized 230 infants who had suspected cow’s milk allergy in a double-
blinded study to receive L. rhamnosus GG (n=80), a mixture of four probiotic strains (n=76),
or a placebo (n=74), given twice daily with food for four weeks [88]. The authors found that
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L. rhamnosus GG was an effective therapy for atopic dermatitis in IgE-sensitized infants but
not in non-lgE-sensitized infants.

In a double-blind, placebo-controlled trial, Tamura et al. randomized 109 adult patients
with allergic rhinitis to drink fermented milk containing Lactobacilli casei strain Shirota
(n=55) or placebo (n=54) for 8 weeks [89]. The authors found no significant difference
between the two groups during the ingestion period. In the subgroup of patients with
moderate to severe nasal symptom scores before starting ingestion of test samples,
supplementation with the probiotic tended to reduce nasal symptom-medication scores.

In a double-blind placebo-controlled trial, Taylor et al randomized 226 newborn infants
of atopic mothers to receive either 3 x 10° CFU of Lactobacillus acidophilus (n=115) or
placebo (n=111) daily for 6 months [90]. A total of 178 infants (89 in each group) completed
the study. The authors found that the rates of atopic dermatitis were similar in the two groups
at 6 months and 12 months of follow-up. At 12 months, the rate of sensitization was
significantly higher in the probiotic group (p=0.03). These findings challenge the use of
probiotics in the prevention of allergy.

Kukkonen et al. randomized 1,223 pregnant women carrying high risk infants at
increased risk for allergy to receive a probiotic (n=610) or a placebo (n=613) for 2 to 4 weeks
before delivery [91]. Their infants received the same probiotic plus galacto-oligosaccharides
(n=461) or a placebo (n=464) for 6 months. These children were evaluated at 2 years of age
for cumulative incidence of allergic diseases (food allergy, eczema, asthma, and allergic
rhinitis) and IgE sensitization (positive skin prick test response or serum antigen-specific IgE
level). The authors found that probiotic and prebiotic treatment, compared with placebo, had
no effect on the cumulative incidence of allergic diseases but tended to reduce IgE-associated
atopic diseases (odds ratio: 0.71; 95% confidence interval: 0.5 to 1; p=0.052). Probiotic and
prebiotic treatment did reduce eczema (odds ratio: 0.74; 95% confidence interval: 0.55 to
0.98; p=0.35) and atopic eczema (odds ratio: 0.66; 95% confidence interval: 0.46 to 0.95;
p=0.025).

In a double-blind placebo-controlled trial, Weston et al. randomized 56 children aged 6 to
18 months who had moderate to severe atopic dermatitis to receive L. fementum VRI-033
PCC (n=28) or placebo (n=28) twice daily for eight weeks [92]. Fifty children completed the
study. The authors found that the reduction in the SCORAD index was significant in the
probiotic group (p=0.03) but not in the placebo group. In a double-blind study, Passeron et
al. randomized 48 children to receive either L. rhamnosus Lcr 35 plus a prebiotic preparation
(n=28) or an identically appearing probiotic preparation alone three times a day for three
months [93]. In the symbiotic group, the mean total SCORAD score was 39.1 before
treatment versus 20.7 after three months of treatment (p< 0.0001). In the probiotic group, the
mean SCORAD score was 39.3 before treatment versus 24 after three months of treatment
(p<0.0001). The authors concluded that symbiotics and prebiotics used alone were effective
in the treatment of atopic dermatitis.

Probiotics and prebiotics are included in some infant formulas with the aim of inducing
the development of a Bifidobacterium-dominated intestinal flora [37]. At present, probiotics
or prebiotics are not established treatment modalities for atopic dermatitis [72,78]. They are
ineffective in the prevention and treatment of reactive airway disease [78]. The routine use of
probiotics and prebiotics in food allergy management requires further study.
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DIETARY MANIPULATIONS IN THE PREVENTION OF FOOD ALLERGY
IN HIGH-RISK INDIVIDUALS

Breastfeeding has a protective effect on the incidence of atopic disease in children who
have a genetic predisposition for atopy [53,94-97], especially so for the prevention of asthma
[95]. Gdalevich et al. performed a systematic review and meta-analysis of 12 prospective
studies (n=8,183) that evaluated the association between exclusive breastfeeding in the first
three months of life and asthma [95]. The mean follow-up was 4.1 years. The pooled odds
ratio for the protective effect of breastfeeding was 0.7 (95% confidence interval: 0.6 to 0.81).
The protective effect was more pronounced in the subset of studies that assessed children with
a family history of atopy (odds ratio: 0.52; 95% confidence interval: 0.35 to 0.79) compared
to studies with an unstratified population, and to studies that included children without atopic
first-degree relatives (odds ratio: 0.73; 95% confidence interval: 0.62 to 0.86).

The protective effects of breastfeeding on atopic dermatitis are controversial. The
American Academy of Dermatology Guidelines Task Force reviewed the subject in 2004 and
found no conclusive evidence that exclusive breastfeeding influences the development of
atopic dermatitis [98]. The American Academy of Dermatology Guidelines Task Force did
find suggestive evidence that prolonged breastfeeding might delay the onset of atopic
dermatitis [98]. The Section of Pediatrics of the European Academy of Allergology and
Clinical Immunology critically reviewed the existing literature and concluded that exclusive
breastfeeding for at least 4 to 6 months in infants with a family history of atopy results in a
lower incidence of atopic dermatitis [99]. A recent study reported that breastfeeding for 4
months or more reduces the risk of atopic dermatitis and the onset of the allergy to 4 years of
age [100]. Kull et al followed a birth cohort of 4,089 children [100]. Data on breastfeeding,
allergic symptoms, and potential confounding factors were obtained from questionnaires that
were answered by parents when the children were 2 months, and 1, 2, and 4 years of age. The
authors found that exclusive breastfeeding for 4 months or more reduced the risk of atopic
dermatitis at 4 years of age (odds ratio: 0.78; 95% confidence interval: 0.63 to 0.96). The
decreased risk was most evident for children who had atopic dermatitis with an onset during
the first 2 years of life and that persisted to 4 years (odds ratio: 0.59; 95% confidence interval:
0.45to0 0.77). A protective effect of breastfeeding was also noted among children with early
onset atopic dermatitis, regardless of whether it was persistent, and among children who
developed early or late onset asthma which was followed by late onset atopic dermatitis (odds
ratio: 0.48; 95% confidence interval: 0.3 to 0.76).

Breastfeeding might have a protective effect on the development of allergic rhinitis,
although not to the same extent as that reported for asthma and atopic dermatitis
[95,100,101]. Minouni Bloch et al. performed a meta-analysis of six prospective studies
(n=3,303) that examined the effect of exclusive breastfeeding in the first 3 months of life on
the development of allergic rhinitis [101]. The overall odds ratio was 0.74 (95% confidence
interval: 0.54 to 1.01). The protective association was considered substantial notwithstanding
borderline statistical significance. More recently, Siltanen et al. prospectively followed 456
Finnish children from an unselected birth cohort of 4,674 infants for 4 years [102]. The
authors found in children with a family history of atopy, exclusive breastfeeding for 3 months
protected against allergic rhinoconjunctivitis and sensitization to pets [102].
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In high-risk infants who are exclusively breastfeed and in whom solids are not introduced
until six months of age, breastfeeding might delay, or possibly prevent, the onset of food
allergy [6,23,39,103,104]. Infants with elevated cord serum IgE and a positive family history
of atopy are at risk for the development of atopic disease [105-107]. Breastfeeding protects
against the development of allergy by several potential mechanisms. Colostrum provides a
protective coating to the gut that prevents the entrance of large foreign proteins and
minimizes the possibility of an allergic response. Colostrum also prevents the adherence of
pathogens. Breastfeeding reduces the amount of foreign protein in the gastrointestinal tract
and passively transfers maternal IgA to the infant, which minimizes the risk for absorption of
antigens from the gastrointestinal tract [6,108]. Transfer of cell-mediated immunity from
mother to infant stimulates IgA synthesis in the infant [109]. Epidermal growth factor present
in human milk hastens maturation of intestinal mucosa and epithelium, and strengthens the
mucosal barrier to antigen [108]. Several studies have shown that respiratory and
gastrointestinal infections can predispose to the development of allergic diseases [109]. The
allergy-preventive effect of breastfeeding might be secondary to a reduction in the number of
infections in the infant.

Because small amounts of food antigens ingested by the mother are excreted in breast
milk [55], avoidance of allergenic foods by lactating mothers is often recommended
[6,33,36,110,111]. A meta-analysis of two studies [112,113] concludes that avoidance of
allergenic foods by lactating mothers may transiently reduce the development of atopic
dermatitis in early childhood [111]. Several studies suggest that a strict food allergen
avoidance regimen followed by mothers during pregnancy may result in a significant
reduction in the infants of food-related allergic disorders [06,114,115]. Other authors disagree
[105,116,117]. Studies that have demonstrated a beneficial effect of a strict food allergen
avoidance regimen followed by mothers during pregnancy and lactation on the prevalence
and severity of atopic disease in high-risk, breast-fed infants probably reflect only the
influence of maternal dietary restriction during lactation [105]. The present consensus is that
dietary intervention in utero is potentially harmful and is not indicated unless future studies
prove otherwise [11,37,111,118].

Marini et al. prospectively studied 279 infants with high atopic risk who were put on an
allergy prevention program and 80 infants with similar atopic risk but no intervention [119].
The intervention program included dietary measures (exclusive and prolonged milk feeding
followed by a hypoallergenic weaning diet) and environmental measures such as avoidance of
parental smoking in the presence of the babies. The incidence of allergic manifestations was
much lower in the intervention group than in the nonintervention group at 1 year (11.5% vs.
54.4%), 2 years (14.9% vs. 65.6%), and 3 years (20.6% vs. 74.1%). Atopic dermatitis and
recurrent wheezing were found in both the intervention group and the nonintervention group
from birth to the second year of life, whereas urticaria and gastrointestinal disorders were
only present in the nonintervention group in the first year of life. Halken et al. studied 105
“high-risk” infants who were breast-fed and/or receiving a hypoallergenic formula combined
with avoidance of solid foods during the first 6 months of life [120]. This prevention group
was compared with a control group consisting of 54 identically defined “high-risk” infants
who were on an unrestricted diet. The cumulative prevalence of atopic symptoms was
significantly lower at 18 months in the prevention group (32%) than in the control group
(74%) (p < 0.01) because of a reduced prevalence of recurrent wheezing (13% vs. 37%; p <
0.01), atopic dermatitis (14% vs. 31%; p < 0.01), vomiting/diarrhea (5% vs. 28%; p < 0.01),
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and infantile colic (9% vs. 24%; p < 0.01). The cumulative prevalence of food allergy was
significantly lower in the prevention group (6% vs. 17%; p < 0.05). The authors concluded
that feeding high-risk infants with breast milk and/or hypoallergenic formula, combined with
the avoidance of solid foods during the first 6 months of life, has a protective effect on the
risk of atopic symptoms developing during the first 18 months of life. The American
Academy of Pediatrics recommends that mothers of high-risk infants should avoid allergens,
such as peanuts and nuts, during lactation [52].

When breastfeeding is not possible, the use of a partially or completely hydrolyzed
hypoallergenic formula is desirable for infants at risk [37,52,117,118,121]. A meta-analysis of
studies that compared prolonged feeding with hydrolysed formulas versus cow’s milk
formulas in high risk infants found a significant reduction in infant allergy (seven studies,
2514 infants; typical risk ratio: 0.79; 95% CI: 0.66 to 0.94), but not in the incidence of
childhood allergy (two studies, 950 infants; typical risk ratio: 0.85; 95% CI: 0.69 to 1.05
[122].

Partially hydrolysed formulas are often used for the prevention of atopy when
breastfeeding is not possible in infants with a strong family history of allergy or elevated cord
IgE levels to reduce possible food allergy symptoms [6,14,121]. These formulas have been
developed with the aim of minimizing the number of sensitizing epitopes within milk
proteins, while at the same time retaining peptides of sufficient size and immunogenicity to
stimulate the induction of oral tolerance [37]. Compared with extensively hydrolysed
formulas, partially hydrolysed formulas are less expensive and more palatable [46].
Prospective controlled trials examining the use of extensively hydrolysed formulas and
partially hydrolysed formulas for allergy prevention among high-risk infants show significant
reductions in the cumulative incidence of atopic disease through the first five years of life
compared with those fed with cow’s milk formulas [121]. In the meta-analysis performed by
Osborn et al, infants fed extensively hydrolysed formulas versus partially hydrolysed
formulas had a significant reduction in food allergy (two studies, 341 infants; typical risk
ratio: 0.43; 95%confidence interval: 0.19 to 0.99), but there was no significant difference in
all allergy or any other specific allergy incidence [122].

Soy protein is immunogenic and allergenic, although less than cow’s milk [118]. A
meta-analysis of two studies (n=283) found no significant differences in childhood allergy
cumulative incidence from the use of a soy formula compared to a cow’s milk formula
(typical risk ratio: 0.67; 95% confidence interval: 0.18 to 2.46) [40]. As there is no evidence
of benefit, the use of a soy formula for prevention of food allergy cannot be recommended
[40,52].

Early introduction of solid food may increase the risk of food allergy
[52,53,102,123,124]. The existing literature suggests that the optimal time for the
introduction of selected supplemental food should be six months. For infants at risk, dairy
products should not be introduced before 12 months, eggs 24 months, and peanut, tree nuts,
fish, and seafood at least 36 months of age [125]. It is recommended that foods should be
introduced one at a time and gradually [125]. Cooked, homogenized foods should be
preferred to their fresh counterparts when a reduction of allergenicity has been clinically
demonstrated for that processed food [125].

It has been suggested that supplementation with long-chain polyunsaturated fatty acids
might reduce the incidence of atopic diseases [126-128]. A Cochrane systematic review
showed no consistent beneficial effect on marine fatty acids (fish oil) supplementation in
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asthma prevention [129]. A meta-analysis showed that supplementation with fish oil did not
improve the severity of atopic dermatitis [130].

MISCELLANEOUS ASPECTS

Patients with food-dependent exercise-induced anaphylaxis should refrain from exercise
within 2 to 3 hours after ingesting the triggering food [66]. Affected patients should exercise
with their friends and should stop exercise and seek help immediately if symptoms develop
[66].

High-risk environments have to be avoided if the patient is highly allergic and
particularly if the patient is allergic to airborne food allergens [5]. High-risk areas include
common eating places such as childcare centers, school cafeterias, restaurants, and ice cream
shops [5]. School and childcare centers should have policies facilitating food allergen
avoidance such as prohibition of sharing of food or utensil and increased staff supervision
during meal times [5].

It has been demonstrated that vapors containing proteins emitted from cooking food (e.g.
steaming fish) can induce asthmatic attacks [18,67]. Inhalational exposures to foods,
particular in the workplace, account for approximately 1% of asthmatic attacks in the adult
population [67,131]. Baker’s asthma caused by inhalation of flour or mold-derived enzymes
used as flour additives is a good example [5]. Affected individuals have asthmatic attacks in
association with exposure to aerosolized wheat proteins and have positive skin prick tests or
serum specific IgE to wheat proteins [131]. Likewise, peanut dust in airplanes can provoke
allergic reactions in susceptible individuals [132]. Allergenic proteins may also reach the
respiratory tract via the circulation or they may act via inflammatory mediators released from
the skin or gastrointestinal tract [131]. Exposure to known food allergens via inhalation (e.g.
flour, peanut dust, steaming fish), skin (e.g. peanut oil in moisturizers), and mucous
membrane (e.g. kissing), should be avoided [133].

FUTURE THERAPEUTIC OPTIONS

Currently, there is no effective and safe specific immunotherapy for food allergens. The
study of injectable specific immune therapy using peanuts was suspended because of the high
rate of adverse reactions [134]. Traditional injection immunotherapy for other food allergies
is not recommended either because of the risk of serious systemic reactions associated with
such therapy [135]. Sublingual immunotherapy to food allergens is better tolerated and
preliminary results are encouraging [48,136,137]. Long-term efficiency of sublingual
immunotherapy, however, remains to be determined.

Vaccines for immunotherapy specially for food-induced anaphylaxis that are being
developed include humanized anti-lgf  monoclonal antibody therapy, sublingual
immunotherapy, peptide immunotherapy, mutated protein immunotherapy, plasmid DNA
immunotherapy, engineered recombinant protein immunotherapy, immunostimulatory
sequence-modulated immunotherapy, cytokine-modulated immunotherapy, bacterial-
encapsulated allergen immunotherapy, and homologous protein immunotherapy [2,7,13,137-
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140]. Allergen-specific immunotherapy should be considered for patients who have specific
IgE antibodies to clinically relevant allergens and whose allergic symptoms are severe enough
to warrant the time and risk of allergen immunotherapy [137].

Preliminary studies showed the potential use of humanized monoclonal anti-IgE antibody
in food-allergic subjects [141,142]. Humanized monoclonal anti-IgE antibody binds to the
third domain of the Fc region of the IgE molecule and prevents its binding to the high affinity
receptor on mast cells and basophils [143]. The anti-IgE also downregulates the expression of
the high affinity receptor on mast cells and decreases the release of histamine from basophils
[144]. Inarandomized, double-blind, placebo-controlled trial in 84 patients with a history of
peanut allergy, Leung et al showed an increased threshold of tolerance in patients with severe
peanut allergy on oral food challenge after being given every 4 weeks subcutaneous injection
of TNX-901 for four doses [138]. TNX-901 is a humanized IgG; monoclonal antibody
against IgE that binds with high affinity to an epitope in the CH; domain [138]. The effect
was highly significant at the 450 mg dose level. However, even at the highest dose of TNX-
901, approximately 25% of patients were not protected. The treatment was well tolerated
with no systemic adverse events. Unfortunately, anti-IgE therapy is expensive and such
therapy has to be administered on a regular basis so as to maintain its protective effect
[35,67]. Currently, another anti-IgE humanized IgG; antibody (omalizumab) is being tested in
subjects older than 6 years of age with peanut anaphylaxis [19]. Stern et al. treated four
adults with eosinophilic esophagitis with a human monoclonal 1gG; antibody against
interleukin-5 (mepolizumab) given by infusion on a monthly basis [145]. After three months
of treatment (750 mg monthly), the mean and maximal esophageal eosinophilic count fell
from 46 to 6 and from 153 to 28 per high-power field, respectively. The patients also reported
improvement of clinical symptoms and quality of life.

Oral immunotherapy seems to represent an interesting and promising approach for the
management of food allergy [137,146]. Enrique et al. randomized in a double-blind, placebo-
controlled fashion 23 patients with hazelnut allergy to receive either a standardized hazelnut
extract or placebo using a sublingual-spit rush protocol over four days [147]. They then
received maintenance sublingual immunotherapy for approximately three months. On repeat
double-blind, placebo-controlled food challenge, patients in the treatment group had a mean
quantity of hazelnut provoking objective symptoms and increased tolerance to hazelnuts from
2.29 gm to 11.59 gm (p=0.02) while patients in the placebo group had a non-significant
increase from 3.49 gm to 4.14 gm.

Peptide immunotherapy utilizes peptide fragments containing T-cell-reactive epitopes
rather complete protein molecules [135]. Apparently, this kind of therapy would induce T-
cell unresponsiveness and production of interferon-y in a concentration-dependent manner
[19]. Peptide immunotherapy allows for formulation of vaccines against any target in which
major allergenic proteins are known because IgE binding sites for each major allergen do not
have to be mapped [19]. It is hoped that such therapy would render T-cells unresponsive to
subsequent allergen exposure. Peptide immunotherapy might play a role in the future therapy
of food allergy.

Mutated protein immunotherapy is based on the modification of the primary amino acid
sequences of IgE-binding allergenic epitopes of the major allergens present in food, with the
aim of reducing allergen potential thereby eliminating activation of mast cells and basophils
[19,135]. Mutation of the IgE-binding sites leaves the T-cell response unaffected [148].
Such therapy is hampered by the large numbers of allergens present in each food.
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Plasmid DNA immunotherapy results in transcription and translation of encoded genes
and elicits an antibody response in the host, thereby preferentially induces a Thl immune
response and suppression of IgE [15,149] Plasmid DNA requires immunostimulatory
sequences for optimal immunogenicity [149].

Engineered recombinant protein technology makes room for the development of
hypoallergenic derivatives of natural allergens, which would minimize the adverse effect of
immunotherapy. Such allergens should not be able to activate cells via cross-linking of IgE
antibodies, but should preserve T-cell epitopes and activate B-cells to induce blocking 1gG
antibodies [15].

Immunostimulatory sequence-modulated immunotherapy using CpG has been shown to
be effective in reversing IgE-mediated sensitization in patients with ragweed allergy
[150,151]. Likewise, immunostimulatory sequence-conjugated Ara h 2 has been shown to be
beneficial in the treatment allergy in a murine model [67].

In animal studies, various Chinese herbs have been shown to block anaphylactic reactions
resulting from food allergy [152-154]. The therapeutic effect was associated with
immunoregulatory effects on Th1-Th-2 responses and reductions in IgE levels [153]. The
exact mechanism is not known and further studies are required.

VACCINATIONS AND FOOD ALLERGIES

Although measles-German measles-mumps (MMR) vaccine is cultured from chick
embryos, MMR vaccination is not contraindicated in children allergic to eggs [59,155]. The
vaccination should, however, be administered in a supervised setting [59,156]. On the other
hand, the vaccine is contraindicated in children with known systemic allergic reaction to
neomycin or gelatin [157]. Patients with egg allergy should be tested before getting influenza
or yellow fever vaccines, which contain egg protein [158].

CONCLUSION

Currently, strict avoidance of the allergenic food and ready access to self-injectable
epinephrine are the standards of care. Recent advances in our understanding of the
immunological processes involved in the pathogenesis of food allergy have opened the door
to the investigation and development of novel therapeutic and prophylactic therapies against
food allergy. It is hoped that safe and effective vaccines for immunotherapy will be available
in the future for the prevention and treatment of food allergy. In particular, anti-IgE therapy
may eventually turn out to be a useful adjunct to allergen avoidance.
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INFANTILE CoLIC: AN UPDATE"
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ABSTRACT

Infantile colic is characterized by paroxysms of uncontrollable crying or fussing in
an otherwise healthy and well-fed infant less than 3 months of age. The duration of
crying is more than 3 hours per day and more than 3 days per week for at least 3 weeks.

The condition can be very stressful to the family. The etiology is multifactorial.
There is increasing evidence that cow’s milk proteins may play an important role in the
pathogenesis of infantile colic in a significant number of cases. Also, maternal ingestion
of eggs, chocolate, citrus fruits, nuts, as well as certain seafood whilst breastfeeding may
result in infantile colic. Intestinal permeability to macromolecules, a mechanism of
acquired food allergy appears to be increased in some infants with colic. Supportive
counseling, reassurance, and dietary modifications (if indicated) are the core measures
used for the management of this condition. Use of hypoallergenic diets by breasting
mothers should be considered at least for those infants with severe colic or with atopic
features such as atopic dermatitis, asthma, and allergic rhinitis. For formula-fed infants
with mild to moderate colic, the present consensus is that changing to another formula is
usually not necessary. Formula-fed infants with severe colic, especially those with atopic
features or a strong family history of atopy may have a beneficial effect from
hypoallergenic formulas such as whey hydrolysates or casein hydrolysates. Periodic
challenges at monthly intervals are necessary to ensure that the improvement is related to
dietary modification and not a result of natural resolution. In most infants, infantile colic
resolves by 3 to 4 months of age.

Keywords: infantile colic, cow’s milk protein, hypoallergenic diet or formula, reassurance.
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INTRODUCTION

Infantile colic is generally defined as paroxysms of uncontrollable crying or fussing in an
otherwise healthy and well-fed infant less than 3 months of age; the duration of crying is
more than 3 hours per day and more than 3 days per week for at least 3 weeks [1-3]. The
condition can be profoundly disturbing both to the infant and family [4]. It is one of the most
common problems encountered by primary care physicians and child care providers. There is
increasing evidence that dietary modification may have a role to play in the management of
infantile colic [5,6]. An updated review of infantile colic is therefore in order and is the
purpose of the present chapter.

EPIDEMIOLOGY

Prevalence rates in prospective studies varied from 3 to 28% and in retrospective studies
from 8 to 40% [6-10]. Prospective studies are more reliable as retrospective studies are prone
to recall bias. The two best prospective studies yielded prevalence rates of 5% and 19%,
respectively, in the Caucasian population [7,10]. The prevalence rate in the Asian population
is considerably lower. In a prospective study of 160 Korean infants, no case of infantile colic
was found [11]. The wide variation in the prevalence rate may be explained by the differences
in the study design, method of data collection, site of recruitment, and definition of infantile
colic [12,13].

Colic occurs equally in both male and female infants [4,14]. Infants with colic tend to
have siblings who also have this condition [15]. While some investigators have reported an
increased incidence in first-born infants [9,16], others have not found such an association
[17,18]. Some investigators have found that the condition is more common in low birth
weight infants [19]; others disagree [9]. Seasonal variations have not been implicated in the
pervasiveness of infantile colic [20].

ETioLOGY AND PATHOGENESIS

The exact etiology and pathogenesis of infantile colic are not completely understood.
The condition is likely multifactorial [15].

Food Allergy

There is increasing evidence that cow’s milk proteins may play an important role in the
pathogenesis of infantile colic [6,21-25]. Approximately 25% of infants with moderate or
severe colic have allergy to cow’s milk protein [26,27]. Lothe and Lindberg showed that
colic disappeared in 24 of 27 infants when they were given a cow’s milk-free diet [24]. These
infants were entered into a double-blind placebo-controlled crossover trial of whey protein.
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Eighteen infants receiving the whey protein capsules reacted with colic, two infants received
placebo reacted with colic, and four infants did not react at all.

lacono et al. put 70 cow’s milk formula-fed infants with severe colic on soy-milk
formula. In 50 infants, there was a remission of symptoms when cow’s milk protein was
eliminated from their diet [23]. Two successive challenges caused the return of symptoms in
all these 50 infants. Follow-ups, after an average period of 18 months, showed that in 22 of
50 (44%) of the infants who had cow’s milk protein-related colic and 1 to 20 (5%) of those
with non-cow’s milk protein-related colic developed an overt form of alimentary intolerance.
Lucassen et al. randomly selected 43 healthy infants with colic to receive whey hydrolysate
formula or standard formula [6]. They found a decrease in the duration of crying in those
infants fed with whey hydrolysate formula.

Jakobsson et al. studied the effectiveness of 2 formulae with extensively hydrolysed
casein in 22 infants with severe colic [5]. One infant was considered as treatment failure and
six infants as protocol failures. The remaining 15 infants showed a significant decrease in the
lengths of time they cried as well as a decrease in the intensity of their crying on both
formulae. When the infants were challenged in a double-blind design, 11 infants reacted with
an increase in crying time to cow’s milk protein or bovine whey protein.

Hill et al. studied the effect of diet change in 38 bottle-fed and 77 breast-fed colicky
infants in a double-blind, randomized, placebo-controlled trial [22]. Bottle-fed infants were
assigned to either casein hydrolysate or cow’s milk formula. All mothers of breast-fed infants
were started on an artificial color-free, preservative-free, additive-free diet and were
randomized to receive either an active low allergen (milk free) diet or a control diet. Hill et al
showed that infants on the active diet had their distress reduced by 39% compared with 16%
for those on the control diet [22].

Jakobsson and Lindberg put 66 mothers of 66 breast-fed infants with infantile colic on a
cow’s milk-free diet [28]. The colic disappeared in 35 infants; it reappeared after
reintroduction of cow’s milk into the mother’s diet in 23 of the 35 infants. A double-blind
crossover trial with cow’s milk whey protein was performed in 16 of these 23 mothers and
infants. Six infants had to be taken out of the study for various reasons. Of the remaining 10
infants, nine displayed signs of colic after their mothers had taken the whey-filled capsules.

Maternal ingestion of eggs, chocolate, citrus fruits, nuts, as well as certain seafood whilst
breastfeeding may result in infantile colic [29,30]. Hill et al. randomized mothers of 107 term
breastfed infants younger than 6 weeks of age with colic to follow a low-allergen diet with
elimination of dairy products, soy, wheat, eggs, peanuts, tree nuts, and fish (n=53) and a
control group (n=540) whose diet contained the known allergen [31]. Forty seven mothers in
the treatment group and 43 mothers in the control group completed the study. Infants were
identified as responders if there was at least 25% reduction in duration of crying/fussing on
days 8 and 9. The authors showed that 74% of infants in the treatment group versus 37% of
infants in the control group were responders (p=<0.001).

Lack of Breastfeeding

Breastfed infants are less likely to suffer from infantile colic [2,32]. For those breastfed
infants who have colic, there is a positive correlation with maternal consumption of cow’s
milk and allergenic products [1,22].



160 Alexander K. C. Leung

Flatulence

Some physicians believe that excessive amount of intestinal gas causes abdominal
distention and intestinal spasm, often leading to infantile colic [18]. Indeed, the word “colic”
is derived from the Greek work kolikos, the adjective of kolon (the large intestine).
Flatulence results mainly from excessive air intake or inadequate burping after feeding [15].
Several researchers have reported that colicky infants produce more breath hydrogen in the
fasting state and in response to feedings containing lactose than non-colicky infants [33,34].
The increased breath hydrogen excretion may represent an increased lactose malabsorption,
differences in colonic bacterial fermentation conditions, or differences in handling of colonic
gas [34]. Some authors suggest that lactose intolerance due to a relative deficiency of lactase
in the first few months of life is a causative factor in infantile colic [35,36]. Fermentation of
lactose by the intestinal flora leads to the production of hydrogen and lactic acid. Lactic acid
and lactose draw water into the colon through the process of osmosis. The influx of water
into the colon together with hydrogen production results in colonic distension. Hyams et al.,
however, found no difference in breath hydrogen levels between colicky and non-colicky
infants [37]. Studies examining the effect of removing lactose from an infant’s diet or adding
lactase to break down lactose yielded inconsistent results [35,38,39]. Kanabar et al. found a
significant difference in crying time and breath hydrogen in those infants who used the
lactase-treated feed [35]. Other authors found that removing lactose from or adding lactase to
the feed did not result in the elimination of symptoms of colic [38,39].

Intestinal Hormone Abnormalities

Intestinal permeability to macromolecules, a mechanism of acquired food allergy appears
to be increased in some infants with colic [40]. It is possible that the increased permeability
to macromolecules reflects an immature function of the gastrointestinal tract.

Intestinal spasm is another suggested cause of colic. Motilin stimulates gastric and
intestinal motility and high motility levels may lead to intestinal spasms. In a prospective
study, Lothe et al. found increased serum levels of motilin in cord blood and in blood from
neonates who later developed colic [41]. This finding might indicate that the intestinal tract is
affected before any symptoms of colic appear. Also, exposure to cigarette smoke is
associated with increased plasma and intestinal motilin level which may result in infantile
colic [42].

Using ultrasonography, Lehtonen et al have shown decreased contractility of the
gallbladder in colicky infants [43]. The hypocontractility of the gallbladder may be due to a
disturbance in cholecystokinin secretion.

Kurtoglu et al. measured urinary levels of 5-hydroxy-3-indole acetic acid, a metabolite of
serotonin, in 16 infants with infantile colic and 10 control infants [44]. These authors found
high urinary 5-hydroxy-3-indole acetic acid levels in colicky infants and suggested that high
serotonin levels might be responsible for the colic. Although some studies suggest that serum
hormones may be markers for the variability in physiological function of the intestinal tract
[41,44], their roles as determinants of infantile colic remain elusive.
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Recently, it has been shown that colicky infants have higher levels of ghrelin compared
to non-colicky infants [45]. Ghrelin has been implicated in the causation of hyperperistalsis
and infantile colic [45].

Intestinal Microflora Imbalance

It has been shown that colicky infants have lower counts of intestinal lactobacilli
compared to non-colicky infants [46,47]. An imbalance of intestinal microflora might lead to
aberrant antigen transfer across the gut barrier and increased vulnerability to the breakdown
of oral tolerance [25,37]. Further, Lactobacillus brevis and L. lactis lactis have been
implicated in the pathogenesis of infantile colic by increasing gas production and abdominal
distension [25].

Dysregulation of the Nervous System

Transient developmental dysregulation of the nervous system resulting in intestinal
hypermotility has been suggested as a cause of infantile colic [48]. Infants with a low
threshold for over-stimulation may respond to environmental stimulation with excessive
irritability and crying. As the maturing central nervous system becomes less sensitive to
external stimulation, the colicky symptoms are also alleviated [15].

Kirjavainen et al. performed heart rate variability analysis on 12 colicky infants and 14
control infants at 2 months of age to estimate the function, balance and maturation of the
autonomic nervous system [49]. The results showed no differences in the balance of the
autonomic nervous system controlling heart rate variability between the colicky and control
infants. The findings suggested that infantile colic is not due to a disturbance in the
autonomic nervous system. Also, infants with colic have been shown to have a normal sleep
pattern [50]. Barr suggested that colic might best be viewed as a clinical manifestation of
normal emotional development, whereby an infant has not yet developed the capacity to
regulate their crying episodes [51].

Parental Factors

A correlation has been noted between infantile colic and an increase in parental age as
well as a high level of parental intelligence and education [9,39]. This may reflect a higher
frequency of reporting or a lower level of tolerance of the symptoms of colic amongst such
parents [4]. Several studies have shown an association between the incidence of infantile
colic and psychological factors such as stressful pregnancies, postpartum depression, parental
anxiety, dissatisfaction with the sexual relationship, and negative experiences during
childbirth as well as poor parental skills [10,52,53].

Some investigators have found that infants who are exposed to maternal medications
during labor, particularly epidural anesthesia and oxytocin, are more likely to develop colic
than infants born following unmedicated labor [54,55]; while others disagree [10]. Further
studies are necessary to confirm or refute these findings.
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It has been suggested that colic may be the result of normal physiological events which
trigger crying in infants who are temperamentally sensitive to these stimuli, and who then
receive a parental response that is not appropriately soothing [15,18]. In one study, six
infants whose parents were advised to let them cry showed no decrease in crying, whereas 20
infants whose parents were counseled on more effective responses showed a 70% decrease in
crying [56]. These observations suggest that infantile colic may result at least in part from an
inadvertent failure of the parents to respond to the infant’s needs or wishes [15, 56].

Several studies have shown an increased risk of infantile colic when the mother smokes
during the lactation period [32,57-59]. Matheson and Rivrud showed that breastfed infants of
mothers who smoke have colic more frequently [57]. This can be explained by the presence
of nicotine in breast milk and increased plasma and intestinal motilin level [41]. Reijneveld
et al showed that maternal smoking increases the risk of infantile colic twofold but that
breastfeeding weakens this association [32]. Said et al. found a correlation between infantile
colic and parental smoking that was independent of the type of feeding [58]. Segndergaard et
al observed a twofold increased risk of infantile colic among infants whose mothers smoked
15 or more cigarettes per day during their pregnancy or in the postpartum period [59]. Other
investigators reported no association between colic and parental smoking but their results
were based on relatively small study samples [7,60].

CLINICAL MANIFESTATIONS

Characteristically, the onset of infantile colic is within two to three weeks of the expected
due date (rather than the actual birth date) [1]. As such, the onset is usually delayed in
premature infants [1,14,59]. The condition peaks when the child is at four to six weeks old.

Typically, infants with colic have prolonged bouts of crying and are inconsolable even by
feeding. The infants are described as having clenched fists, flexed legs over their abdomen,
an arching back, hard distended abdomen, flatulence, and a grimacing or a “pain” face that is
usually flushed. These episodes usually occur late in the day or in the evening, and they may
last for hours [4]. Not uncommonly, they may stop crying when they are picked up and
cuddled. Frequent awakenings at night and extreme daytime wakefulness often occur in these
infants [Rautava, 1995].

CLINICAL EVALUATION

History

When documenting a medical profile during the clinical evaluation, the history should
include a description of the timing of the onset of symptoms, the patterns of crying, the
parents’ response to the infant’s crying, the intensity of crying, and any alleviating or
aggravating factors that are associated with these episodes [14]. The infant’s defecation,
urination, and sleeping patterns should be evaluated for abnormalities. It would also be useful
to have a description of the way in which the child is fed. If the infant is formula-fed, the
content and preparation of the milk warrant attention. Information about the mother’s diet is
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important if the infant is breast-fed. Any history of recurrent fever, vomiting, or trauma
should be noted. The family history should include a description of the family structure,
home environment, parental attitudes towards the infant, as well as family stresses and the
support available to the family [15]. A prenatal history of drug exposure is important.

Physical Examination

Physical examination is important to exclude other possible causes of screaming and
crying such as otitis media, urinary tract infection, fractured clavicle, corneal abrasion,
foreign body in the eye, incarcerated hernia, malrotation of the bowel, intussusception, or anal
fissure [15]. Weight, height, and head circumference should be plotted on standard growth
charts since poor growth suggests the possibility of an underlying chronic systemic disorder.
Vital signs should be noted. Fever indicates an underlying infection. Thus the examination
should confirm the general well-being of the infant with infantile colic. Most parents are
unconvinced by any attempt at reassurance that is not preceded by careful physical
examination of their infant [15].

DIFFERENTIAL DIAGNOSIS

It is important to distinguish infantile colic from normal or physiological crying [56,62].
Brazelton observed the time spent crying in 80 healthy infants [48]. The average diary-
recorded crying time was 1.75 hours/day in the 2™ week, 2.75 hours/day in the 6™ week, and
less than 1 hour/day by the 12" week [48]. Other conditions that may cause excessive crying
include hunger, urinary tract infection, otitis media, gastroesophageal reflux, incarcerated
hernia, malrotation of bowel, intussusception, fracture, corneal abrasion, foreign body in the
eye, and anal fissure.

INVESTIGATIONS

Investigations are not required for the diagnosis of infantile colic. Appropriate laboratory
tests and imaging studies may be indicated based on clinical findings if another cause is
possible.

COMPLICATIONS

A crying infant often causes parents to ignore many of their own needs [63]. Colic may
lead to parental stress, anxiety, fatigue, depression, anger, hostility, marital discord, guilt,
feeling of helplessness, role ambivalence, and poor parent-child interaction [13,63]. At times,
it may even lead to child abuse or domestic violence [13].

The effects of infantile colic on the family can be prolonged. In a study designed to
assess the long-term effects of infants with colic on the family, R&iha et al found that families
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with infants who had severe colic, at one-year assessment, had more difficulties in
communication, more unresolved conflicts, more dissatisfaction, and less empathy than
families in the control group of noncolicky infants and infants with moderate colic [63].
However, when these children were seen again at 3 years of age, the family dynamics seemed
to have normalized [64]. Rautava et al followed 338 colicky infants for 3 years [61].
Families of previously colicky infants were shown to be more dissatisfied with the
arrangements of daily family responsibilities and with the amount of both leisure time and
shared activities they were able to have. Children in the colic group had more sleeping
problems and an increase in the frequency of temper tantrums than the control group. It was
also found that fewer parents in the severe colic group than in the other groups had decided to
have another child. Canivet et al. followed up on 50 formerly colicky infants and 102
controls at 4 years of age and evaluated their behavior, temperament, eating and sleeping
habits, psychosomatic complaints, number of hospital admissions, growth, and family
characteristics [65]. There were no significant differences between the two groups in most of
the parameters studied. However, ex-colicky children displayed more negative emotions
according to the temperament scale. They also had more negative moods during meals times
with more complaints of stomach aches.

Savino et al conducted a prospective study on 103 infants between 31 and 87 days of age
[66]. These infants were followed for 10 years. Ninety six infants completed the study (48
infants with severe colic and 48 infants without colic). Sleep disorders were found in 27
(56.3%) of the ex-colicky infants and in 6 (12.5%) of the subjects in the control group.
Aggressiveness was found in 20 (41.7%) of ex-colicky infants and in 3 (6.2%) of subjects in
the control group. Fussiness was found in 33 (68.7%) of ex-colicky infants and in 7 (14.6%)
of the subjects in the control group. A feeling of supremacy was found in 18 (37.5%) of ex-
colicky infants and in 2 (4.4%) of the subjects in the control group.

It is not clear whether colicky infants are more prone to have recurrent abdominal pain in
childhood [67]. In the study by Savino et al., recurrent abdominal pain was observed in 16
(33.3%) of the ex-colicky infants and in 2 (4.4%) of the subjects in the control group [66].
Other authors did not notice the difference [68]. Future large-scale, well-designed studies will
help to confirm or refute these findings.

In the same study by Savino et al, allergic rhinitis and allergic conjunctivitis were found
in 13 (27.1%) of the ex-colicky infants and 2 (4.4%) of the subjects in the control group [66].
Pollenosis was found in 10 (20.1%) of the ex-colicky infants and in 2 (4.4%) of the subjects
in the control group. Food allergy was observed in 11 (22.9%) of the ex-colicky infants and
in 3 (6.2%) of the subjects in the control group. A Finnish study also suggested that infants
with colic are more likely to develop atopic disorders compared with non-colicky infants [27].
In a prospective study of 983 infants, Castro-Rodriquez et al. did not find an increased risk of
asthma or other atopic disorders in colicky infants [69].
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MANAGEMENT
General Measures

The necessity of adequate feeding cannot be over-emphasized in the management of
infantile colic. Feeding the infant in an upright position can prevent aerophagia. Care is to be
taken when burping the infant, The hole in the bottle nipple should be the right size [4,13].
Holes or slits in the nipple should be made larger for the eager sucker; otherwise, the infant
cannot get the milk fast enough and swallows excessive air. Bottles containing collapsible
bags may decrease air swallowing [13].

It has been shown that healthy newborn infants often cry to obtain physical contact.
Parents should be encouraged to pick up, cuddle, or carry their infant as much as they wish
[4,14]. Increased sensory stimulation in the form of body massage, car-ride stimulation, and
rocking or crib vibration has been found no more effective than placebo [70-73]. In fact,
colicky infants may benefit from avoiding excessive stimulation [71,74].

Some parents become so exhausted by the crying that they need a break from the infant
[4,14]. They should be advised to go out together and leave the infant with a babysitter. The
parents should be encouraged to discuss their feelings and concern with each other to achieve
mutual emotional support [15,20]. Although both parents may be in agony during the colicky
crying sessions, they should be reassured by the physician of the benign nature of the
condition and the fact that the infant will continue to thrive [15].

Dietary Manipulations

Breastfeeding mothers should continue breastfeeding [2,73]. Several randomized,
controlled trials suggest a correlation between infantile colic in breastfed infants and their
mothers’ consumption of cow’s milk and allergenic products [22,28,31]. Breastfeeding
mothers with infants with severe colic or with atopic features should, with appropriate
nutritional support, consider eliminating cow’s milk from their diet and avoid potentially
allergenic substances, such as caffeine, chocolate, eggs, and nuts [31,75,76].

Many randomized controlled trials have shown that hypoallergenic formulas may have a
beneficial effect in the management of some formula-fed infants with infantile colic
[5,6,21,24,77,78]. Most of the studies have, so far, involved a small sample size. Some of
the studies have methodological flaws. It is hoped that future well-designed, large-scaled,
randomized double-blind, placebo-controlled studies will provide more information in this
area. A well-designed study should include the use of a common case definition, objective
outcome measures, appropriate washout times in crossover trials, adequate blinding and
repeated blind challenges of the proposed intervention to account for spontaneous resolution
with increasing age [79,80]. Until results from such studies are available, no unequivocal
recommendation can be made. The present consensus is that changing to a hypoallergenic
formula is usually not necessary for formula-fed infants with mild to moderate colic [73].
Infants with severe colic, especially those with atopic features or a strong family history of
atopy, may have a beneficial effect from hypoallergenic formulas such as whey or casein
hydrolysates [2,75]. Completely hydrolysed hypoallergenic formulas are expensive and often
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unpalatable. Partially hydrolysed hypoallergenic formulas are less expensive and have a
better taste [6,30]. However, partially hydrolysed hypoallergenic formulas contain slightly
larger peptides and significantly more immunologically identifiable cow’s milk thereby
rendering them less desirable. Periodic challenges at monthly intervals are used to ensure that
the improvement is related to dietary modification and not a result of natural resolution [2].

One small randomized controlled trial has found that soy formula reduced infant colic
[81]. However, soy formula should be avoided as it has no proven value in the treatment of
infantile colic [82-84] and some infants also react to soy with colic [85]. There is no evidence
that low lactose milk formulas and fiber-enriched milk formulas are effective cow’s milk
substitutes [39,86].

Medications

Dicyclomine has been found to be an effective drug for the treatment of infantile colic as
demonstrated in several double-blind studies [87,88]. However, this drug is now
contraindicated in infants under 6 months of age due to reports of respiratory difficulties,
apnea, seizures, coma, and death that have been associated with its use [14,15,87]. In a recent
study, Savino et al found that cimetropium bromide was more effective than placebo in
reducing the duration of crying in children with infantile colic [89]. These authors suggest
that the use of anticholinergic drugs, aside from dicyclomine, should be re-evaluated for
treatment of infantile colic. Cimetropium bromide is a quaternary ammonium semisynthetic
derivative of the scopolamine. It acts as an antagonist of muscarine receptors of the visceral
smooth muscles and it also has a direct myolytic activity [25].

Simethicone, a nonabsorbable defoaming agent with no systemic side effects, has also
been used with success in some studies [90]. Simethicone reduces the surface tension of
mucus, allowing entrapped air bubbles to coalesce and disperse. As a result, intestinal gas is
expelled more easily. However, several randomized controlled studies found simethicone no
more effective for the treatment of colic than the placebo [39,91,92].

Miscellaneous Treatments

It has been shown that some colicky infants have lower counts of intestinal lactobacilli
[45,46]. It is postulated that Lactobacillus reuteri, a probiotic, helps to shift the intestinal
ecological balance from potentially harmful flora to a beneficial one, thereby reducing the
risk of gastrointestinal infections and allergic diseases [93,94]. Savino et al. randomly
assigned 90 breastfed colicky infants to receive either L. reuteri (10° live bacteria per day) or
simethicone (60 mg per day) for 28 days [36]. Eighty-three infants completed the study.
Daily median crying times in the L. reuteri group and simethicone group were 159
minutes/day and 177 minutes/day, respectively, on the seventh day and 51 minutes/day and
145 minutes/day on the 28" day. On day 28, 39 (95%) patients in the L. reuteri group and 3
(7%) patients in the simethicone group were responders. No adverse events were reported.
Although the preliminary results sound promising, the study sample size is too small to
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conclude. Until results of future well-designed, large-scaled, randomized, double-blind,
placebo-controlled studies are available; no unequivocal recommendation can be made.

Some preliminary studies suggest that sucrose [95,96] and herbal teas [97,98] may
alleviate colic. More data are required before the use of these agents can be recommended for
the treatment of infantile colic. “Gripe water” is commonly used by parents to treat their
colicky infants [72]. The product contains a variety of herbs and herbal oils such as
cinnamon, cardamom, clove, ginger, peppermint, lemon balm, and licorice. However, there
are no randomized controlled trials of “gripe water” in the treatment of infantile colic [73].
The use of herbal products is not entirely without risk and parents should be cautioned about
their use in the treatment of infantile colic [25,97]. In a double-blind trial, Savino et al
showed that a phytotherapeutic agent with Matricariae recrutita, Foeniculum vulgare and
Melissa officinalis were effective in the treatment of infantile colic [99]. The authors
suggested that the phytotherapeutic agent acts through its antispasmodic and antimeteoric
activity.

There is insufficient evidence to justify chiropractic spinal manipulation in the treatment
of infantile colic [73]. Wilberg et al. randomized 41 infants with infantile colic to receive two
weeks of spinal manipulation versus two weeks of daily treatment with simethicone [100].
The mean reduction in crying from pre-treatment to days 8 to 11 was 2.7 hours and 1 hour in
the spinal manipulation group and the simethicone group, respectively. The parents,
however, were not blinded and this could be a potential source of bias. Olafsdottir et al
randomized in a double-blind, placebo-controlled fashion 86 infants with infantile colic to
chiropractic spinal manipulation or holding by a nurse [101]. Thirty two (69.9%) of 46 infants
in the treatment group and 24 (60%) of 40 infants in the control group showed some degree of
improvement. The authors conclude that chiropractic spinal manipulation is no more effective
than placebo in the treatment of infantile colic.

PROGNOSIS

In most infants, infantile colic resolves by 3 to 4 months of age, though colic has been
shown to persist into the fourth or fifth month in up to 30% of cases [18].

CONCLUDING REMARKS

Infantile colic is a common condition that can be frustrating to both parents and
physicians. The exact etiology is not known, although bovine milk proteins may play a role
in many cases. Further research in this area is needed. Despite our ignorance, colicky infants
continue to do well. If infantile colic has a purpose, it may be to teach us patience and
humility.
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ABSTRACT

Eosinophilic gastrointestinal disorders consist of diseases involving eosinophilic
infiltration of the gastrointestinal tract. These include eosinophilic esophagitis (EE),
eosinophilic gastroenteritis, and eosinophilic colitis. Much of the recent literature has
described eosinophilic esophagitis with a relative lack of information regarding
eosinophilic gastroenteritis and eosinophilic colitis specifically. Many studies of EE
reviewed in this chapter included patients with extra-esophageal eosinophilic
involvement. Much of what is known regarding EE is applicable to eosinophilic
gastroenteritis, and perhaps to a lesser extent eosinophilic colitis. This chapter focuses
mostly on eosinophilic esophagitis; however, the concepts are applicable to all the
eosinophilic gastrointestinal disorders. Though first described decades ago, these entities
are still, to some degree, poorly defined. As such, the diagnosis is described as
clinicopathologic in that it relies on clinical signs and symptoms with supporting
laboratory and histologic findings. As background, this chapter includes a brief
description of the gastrointestinal tract barrier and oral tolerance. The gastrointestinal
tract serves as a physical and immunological barrier. The normal response of oral
tolerance reflects a lack of immunologic responsiveness as a result of prior exposure.
Food hypersensitivity responses occur after a failure of oral tolerance development. This
is important for all types of food hypersensitivity responses including the eosinophilic
gastrointestinal disorders. Unlike immediate hypersensitivity (type | IgE-mediated) food
allergic responses, eosinophilic esophagitis, eosinophilic gastroenteritis, and eosinophilic
colitis may involve both IgE- and non-lgE-mediated responses. This is also in contrast to
food protein-induced enterocolitis/colitis or celiac disease in which a cell-mediated
mechanism is likely responsible without evidence of IgE involvement. In addition to the
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background information, this chapter describes the pathogenesis, clinical manifestations,
as well as therapeutic approach to the eosinophilic gastrointestinal disorders.

Keywords: eosinophilic gastrointestinal disorders, eosinophilic esophagitis

INTRODUCTION

The eosinophilic gastrointestinal disorders (EGID) are increasingly recognized diseases
characterized by eosinophilic infiltration of the gastrointestinal tract in the absence of an
underlying cause. The development of this condition is likely the result of a complex
interplay between genetic predisposition, environmental exposure (especially food antigens),
the gastrointestinal (immunologic) barrier, failure of oral tolerance development, and finally
immunologic response characterized by a Th2 profile and eosinophilic infiltration. These
relationships are beginning to be understood in the setting of eosinophilic esophagitis (EE)
and likely apply to varying degrees to the other eosinophilic gastrointestinal disorders.

GASTROINTESTINAL BARRIER

The gastrointestinal tract serves as a physical barrier operating at the host-environment
interface. Of greater importance is the role that it plays as a site of mucosal immune
interaction. This mucosal immune system is also described as the gut-associated lymphoid
tissue (GALT) system. It is imperative for normal health that the intestinal immune system is
able to mount a protective immune response to pathogens while maintaining a state of
tolerance (non-responsiveness) to normal bacterial flora and food antigens. A brief review of
this immune barrier has recently been published [1]. We can consider the immune response as
consisting of inductive and effector phases. The Peyer’s patches and mesenteric lymph nodes
are the main locations of the cellular components of the intestinal immune system. These are
likely the main locations for induction of immunologic reactivity or tolerance. The Peyer’s
patches are lymphoid aggregates consisting of large B cell follicles and interfollicular T cell
regions, as well as numerous dendritic cells and macrophages. These areas are found beneath
a single layer of columnar epithelial cells referred to as follicle associated epithelium (FAE).
Microfold (M) cells are found in this FAE (as well as other areas lacking these lymphoid
aggregates) [2]. These M cells function to directly transport antigens from the lumen to the
subepithelial lymphoid tissue. These cells have been shown to transport bacteria, viruses,
proteins, and noninfectious particles [3, 4]. Dendritic cells can function in conjunction with
the M cells, acquiring antigen at their basolateral surface. There is some evidence that
dendritic cells may also be able to sample antigen directly from the luminal surface [5]. The
dendritic cells are able to migrate within the Peyer’s patches as well as distant sites such as
mesenteric lymph nodes for antigen presentation. Thus dendritic cells likely play an important
role in the induction of protective immune responses as well as oral tolerance [6]. Dendritic
cells may also migrate to the lamina propria of the intestine to facilitate an immune response.
Other elements of the effector component of the immune response include mast cells,
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eosinophils and lymphocytes. Mast cells are found throughout the gastrointestinal tract and
are important in host response to parasitic infections and likely also are involved in the
immune response to bacteria that compromise the epithelial barrier [7]. Eosinophils are
normally found in the lamina propria of the stomach as well as small and large intestines; they
are not normally found in the esophagus.

EOSINOPHIL FUNCTION

In addition to the pro-inflammatory effect of eosinophils, it appears that eosinophils may
play a significant role in the normal functioning of the intestinal tract. Eosinophils have been
recognized as playing a role in host defense to parasitic infections. In addition to this better
known role it is likely that eosinophils interact with and regulate T cell lymphocytes.
Eosinophils may also have a role in the normal gestational development of the gastrointestinal
tract. These topics are discussed in greater detail in a recent review of eosinophilic
gastrointestinal disorders [8].

ORAL TOLERANCE

Oral tolerance has recently been reviewed [9]. In summary, tolerance of dietary protein is
dependent upon protein modification in the lumen, processing by antigen presenting cells,
interaction with regulatory T cells and resulting suppression of the immune response.
Digestive processing of proteins involves proteases from the stomach, pancreas, and small
intestine. These proteases break down most dietary proteins to free amino acids, di- or
tripeptides. The action of digestive enzymes has been shown to increase the oral tolerance of
dietary proteins [10]. Intestinal epithelial cells can also play a role in digesting soluble dietary
protein after endocytosis and phagolysosome formation. Dendritic cells, acquiring antigen
from the M cells or directly from the lumen, transport antigen for presentation to B cells in
Peyer’s patches. Transforming growth factor-8 (TGF-R) secreting T cells mediate IgA
switching of these B cells. This promotes oral tolerance [11-15]. Oral tolerance can be the
result of T cell anergy or deletion after high dose exposure or suppression of the immune
response by regulatory T cell cytokines (TGF- B or IL-10) after low dose exposure [9]. It is
also likely that genetic influences play a role as well as the bacterial flora of the intestines.

CLINICAL FEATURES

Perhaps the most common presenting symptoms in individuals with eosinophilic
esophagitis are dysphagia and symptoms of gastroesophageal reflux disease (GERD) such as
recurrent regurgitation and heartburn. A recent systematic review in adults [16] noted the
most common presenting symptoms included dysphagia (93%), food impaction (62%), and
heartburn (23%). The age of the patient will impact the specific manifestations of this. For
example, feeding refusal or ‘irritability’ with food may occur in children too young to
describe dysphagia. Likewise GERD symptoms of heartburn or water brash may be ill-
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defined in young children. In older children and adults these symptoms are more easily
described. Emesis and abdominal pain have been reported in both children and adults, though
this seems to be more common in children. Food impaction has been reported in both age
groups, though this is more common in adults. Other signs or symptoms can include failure to
thrive in children or chest pain, diarrhea, or weight loss in either age group. EE should be
considered whenever these symptoms are present, but especially in the setting of ‘refractory’
GERD, as the symptoms of EE will be, at best, partially responsive to anti-reflux therapy.
Gross endoscopic findings of EE frequently include linear furrowing (or vertical lines visible
in the esophageal mucosa), white exudates (which could also appear as specks or nodules),
and/or circular rings (transient or fixed) [17].

Patients with EGID having extra-esophageal involvement may present with various
symptoms or signs. These can include abdominal pain or irritability, dysphagia, emesis, food
impaction, gastric dysmotility, anemia, diarrhea, or hypoproteinemia. As eosinophilic
inflammation can involve the entire gastrointestinal tract, the symptoms can be varied and
non-specific. Eosinophilic gastroenteritis is distinct from EE in that the eosinophilic infiltrate
can involve the mucosal, muscularis, or serosal layers [18], therefore biopsies may be normal
if the eosinophilic infiltrate is restricted to the muscularis or serosa. Eosinophilic infiltration
of the muscularis may lead to symptoms of gastric outlet obstruction similar to pyloric
stenosis or small bowel obstructive symptoms from thickening of the intestinal wall.
Exudative ascites has been observed with prominent serosal infiltration [19]. Food allergy or
intolerance may be present in up to 50% of patients with the mucosal form of eosinophilic
gastroenteritis. It is likely that eosinophilic colitis is a non-IgE mediated disease in contract to
eosinophilic esophagitis or eosinophilic gastroenteritis. The exact immunologic mechanism is
unknown, though evidence points to a T cell process [20].

DEFINITION

A recent systematic review and consensus recommendation from the American
Gastroenterological Association (AGA) Institute [17] defined eosinophilic esophagitis (for
the purpose of that review) as a primary clinicopathologic disorder of the esophagus,
characterized by symptoms (esophageal and/or upper gastrointestinal) associated with > 15
eosinophils/high power field (HPF) in esophageal mucosal biopsy specimens. Some authors
have used a cut-off of > 20-24 eosinophils/HPF [21-24]. GERD must be ruled out by either a
normal 24 hour pH probe or a lack of response to high dose proton pump inhibition (up to 2
mg/kg/day).

EPIDEMIOLOGY

The AGA review summarized 13 studies describing the epidemiology of EE in adults and
16 studies for children. They found that of the 323 adult patients, most were male (76%) with
a mean age of 38 years (range 14 to 89). In children (n = 754) the gender distribution was
similar (66% male) with a mean age of 8.6 (range 0.5 to 21.1). A different systematic review
[16] evaluating EE in adults only found a male predominance (male:female ratio 3:1) in 325
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patients from 24 studies. EE has been described in individuals of many ethnic backgrounds,
however, there is little information regarding comparative prevalence for ethnic groups. EE is
reported most commonly in developed countries, which may simply reflect selection,
however as EE has an association with atopy it is interesting to postulate that the true
prevalence of EE might be higher in developed countries similar to the higher prevalence of
atopy.

The prevalence of EE described in the literature is variable. The prevalence of EE has
been noted to range from 8.9/100,000 population to 9.3% in children and 30/100,000 to
approximately 50% in adults. The lower numbers typically reflect prevalence data at referral
centers serving as the sole providers for a geographic region with the denominator comprising
the regional population. The higher numbers typically reflect prevalence in a highly selected
population. For example Liacouras et al. [25] diagnosed EE in 9.3% of children with
eosinophils noted on esophageal biopsy, and 1.1% of the population that presented to their
tertiary referral center with reflux symptoms. Kerlin et al. [26] found eosinophilic esophagitis
in 48% of adult patients undergoing endoscopy for food impaction. Desai et al. found
eosinophilic esophogitis in 54% of a similar population of patients [27]. The true prevalence
of eosinophilic esophagitis is unknown, however, there was a recent study describing upper
endoscopy findings in a random sample of Swedish adults [28]. In this study, Ronkainen et al.
performed upper endoscopy with biopsies of the distal esophagus on 1,000 individuals. These
individuals were from 2,122 respondents to a mailed questionnaire (Abdominal Symptom
Questionnaire) that had been sent to 2,860 adults. The 1,000 individuals who were willing to
undergo endoscopy were similar in age and sex distribution as the 2,122 respondents, though
it is unclear whether questionnaire results were similar between those willing to undergo
endoscopy compared to those that were not. Of the 1,000 individuals biopsied, 48 were found
to have eosinophils and 4 were found to have enough eosinophils present to be categorized as
having definite eosinophilic esophagitis. The authors defined definite eosinophilic esophagitis
as a biopsy specimen containing > 20 eosinophils/HPF. It is unknown whether individuals
who responded to the survey were more apt to have abdominal symptoms. It is unknown
whether those willing to undergo endoscopy were more likely to be symptomatic. It is also
unknown whether the individuals defined as having definite EE had GERD as 24-hour pH
probe information was not available. However, the results of this study suggest a prevalence
of EE of approximately 0.4% in western Caucasian adults.

A major contributor to the expanding knowledge base of EE has been the group at the
Cincinnati Children’s Hospital. A recent update from their pediatric patient population (0
to19 years) estimated a prevalence of approximately 0.09% [29]. This represents their cases
out of their service population, as they are the only pediatric gastroenterology center in their
region. They also defined EE as having > 24 eosinophils/HPF. In their series, the
investigators followed EE prevalence in one county in which they had data from 2000 to
2006. Over this seven-year period of time the prevalence for that county in southern Ohio
increased from 0.991/10,000 to the present 9.076/10,000 (0.09%). This is a follow-up of this
population revealing a continued increase from the previous observation period of 2000 to
2004 where the observed increase was 0.991/10,000 to 3.106/10,000 [21]. Other investigators
using similar methodologies (tracking the number of cases determined at a regional referral
center divided by the regional population) have found similar results. Cherian et al [30]
observed an increase in prevalence in Western Australia from 0.05/10,000 in 1995 to
0.89/10,000 in 2004.
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There is conflicting evidence as to whether EE is actually increasing in incidence or is
simply being recognized more frequently. A recent study by Vanderheyden et al [31]
suggested that the increasing incidence of EE is likely related to increased recognition and not
an absolute increase in the underlying prevalence of disease. Consecutive patients who
underwent esophageal mucosal biopsies from May through June during 2005 were compared
to the same time period during 1990. Patients with Barrett metaplasia or carcinoma were
excluded. Assuming that the prevalence of EE was increasing while other esophageal
conditions were not, the relative percent of EE cases should be higher in the 2005 sample
compared with 1990. This was not the case as the percent EE as defined by > 20
eosinophils/HPF was 7% in each group (8 of 115 for 1990, 10 of 150 for 2005). Of the 18 EE
cases, there was a male predominance (male:female 3.5:1) which is similar to other studies.
Another recent study revealed similar results. Franciose et al [32] determined the proportion
of children with severe EE over the past 20 years utilizing current criteria. The authors
reviewed upper endoscopy biopsies from 1985, 1995, and 2005. Isolated EE as defined by >
15 eosinophils/HPF was found in 3 of 86 (3.5%) in 1985, 33 of 476 (6.9%) in 1995, and 83 of
1273 (6.5%, p > 0.2) in 2005. The number of endoscopies with multiple biopsies was also
lower in 1985. These authors concluded that there seems to be no significant increase in the
proportion of children with EE over the last 20 years.

PATHOGENESIS

The etiology of EE is not clear. At the molecular level it is clear that EE is a Th2
dependent process [33]. Th2 refers to a subset of CD4+ T helper (thus Th) lymphocytes. The
Th2 cells are involved in humoral responses (vs cell mediated responses for Thl cells),
typically to allergens or parasites (vs microbes for Thl cells). The major cytokines secreted
by Th2 cells include IL-4, IL-5, IL-6, IL-10, and IL-13 (vs IFN-gamma, IL-2 from Th1l). IL-4
and IL-13 are the main cytokines that promote IgE isotype switching (which is inhibited by
IFN-gamma). IL-5 attracts, activates, and prolongs survival of eosinophils. Recent
investigations have demonstrated the importance of IL-5 in the induction and remodeling in
EE [34]. IL-13 has also been implicated in driving the pathogenesis and remodeling observed
in EE [35]. Eotaxin-3, which is a chemokine induced by IL-13, has been found to be
upregulated in EE patients [36]. Besides the increased eosinophilic infiltration, there may be
other cellular abnormalities occurring as well. A recent report [37] suggested that under the
conditions of eosinophilic esophagitis, esophageal epithelial cells might be capable of antigen
presentation, which would be a novel immunologic role. It has recently been observed, on
distal esophageal biopsy specimens, that basophils are also found in increased numbers in
pediatric EE patients compared to patients with GERD or normal controls [38]. Their role in
the pathogenesis of EE is unknown.

There is a clear association between EE and allergies. It is interesting that most patients
with EE show evidence of food allergies (positive skin test or RAST results). However, few
of these patients have a history of anaphylaxis to the implicated foods leading some experts to
postulate that EE involves a mechanism distinct from the classic IgE-mediated immediate
hypersensitivity response [39]. However, this characteristic (frequent food sensitivities
infrequently manifested by anaphylaxis) is similar to atopic dermatitis. The role of food
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allergies in EE was fairly well established by Kelly et al. in 1995 [40]. These authors studied
a series of 10 children with refractory GERD. Affected children continued to experience
symptoms despite antacids and fundoplication. Biopsies revealed persistent eosinophilic
infiltration. The children were given an amino-acid based formula (plus corn and apples in
those old enough) for six weeks. This improved symptoms (80% complete resolution) and
histology (median eosinophils/HPF decreased from 41 to 0.5). A subsequent open food
challenge resulted in return of the same symptoms that the children had been previously
experiencing. A causative link between food allergies and EE has subsequently been
confirmed by other investigators [41, 42]. As mentioned above, some investigators postulate
both IgE-mediated and non-IgE-mediated mechanisms are involved in the pathogenesis. The
study by Kelly et al. [40] demonstrated that specific foods were capable of prompting
symptoms despite negative skin prick tests (SPT). This may reflect non-lgE-mediated
mechanisms or an issue of sensitivity for skin prick tests in this setting. For aeroallergen
testing, negative skin prick testing is typically followed by intradermal testing to increase
sensitivity. At present intradermal testing is not recommended for food allergy testing.

Atopy patch testing (APT) has been suggested to increase the sensitivity of SPT alone
[43, 44]. APT has been used commonly to diagnose contact sensitivities that are thought to
involve non-IgE-mediated, cell-mediated delayed type hypersensitivity responses. The studies
that have evaluated APT in addition to skin prick testing have suggested that a few foods, not
identified by skin testing, can be identified by APT. Two recent studies in children with EE
revealed that APT identified at least 1 additional food not identified by SPT in most children
[45, 46]. There has also been concern raised that skin testing with commercial food extract
may be less sensitive than testing with fresh foods [47]. It certainly may be that the additional
foods detected by APT reflect a non-IgE mechanism. However, this additional sensitivity of
APT may in fact be due to increased sensitivity as most centers use fresh food for APT. These
investigators have not involved skin biopsies of the patch test site, which might help clarify
the immune mechanism involved.

The association between allergic disease and EE which has been observed in children
appears less strong in adults. A small study evaluating the role of APT in pediatric and adult
patients with EE and eosinophilic colitis found adults to be less apt to have a positive APT
than the children [48]. Two recent studies in adults [49, 50] found less dramatic improvement
with avoidance of implicated foods compared with the pediatric trials. Our inability to
establish this causal relationship between foods and EE in all patients likely relates to a lack
of sensitivity of our testing methods, our lack of understanding of all the mechanisms
involved, or both.

There is also an association between GERD and esophageal eosinophilic infiltration. It
appears that GERD alone leads to eosinophilic infiltration of the mucosa, though in general
the numbers of eosinophils is lower in GERD than in EE. It could be that this eosinophilic
infiltration is in response to the gastric acid exposure associated with GERD. However, in
addition to the gastric acid, the esophagus is exposed to stomach contents including food.
Thus it is possible that this eosinophilic infiltration of GERD could be related to food
sensitivity as well.

There is also an association between aeroallergen sensitization and EE. This was initially
postulated in response to animal studies where it was observed that intranasal exposure to
allergen resulted in esophageal eosinophilic infiltration [51]. A case report of a patient with
EE who had seasonal exacerbations of EE during the pollen allergy season despite being on a
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constant diet suggested that this relationship may exist in humans as well [52]. A recent report
evaluating season of first biopsy and geographic distribution (as a surrogate of aeroallergen
exposure) found no difference between EE patients and patients requiring endoscopy and
biopsy who were not found to have EE, thus suggesting that, in that population, aeroallergens
were likely not playing a role in EE [53]. It is likely that aeroallergens do not play a major
role in EE as many of the children who had a dramatic improvement in disease with dietary
manipulation also had inhalant allergies that were not treated.

NATURAL HISTORY

EE is a chronic relapsing disease. A recent review estimated the recurrence rate between
25 and 40% after successful induction of remission [57]. Assa’ad et al. [58] recently
published an 8-year follow-up study of 89 pediatric patients with EE. Most of these patients
also had eosinophilic involvement beyond the esophagus. Eosinophilic involvement of the
stomach and duodenum was noted in 47% and 57%of the cases, respectively. Involvement of
the colon was noted in 63% on those undergoing colonoscopy (n = 38). In this patient
population, symptom resolution occurred in 66%. Of these patients 79% had a recurrence
over a mean of 3 years. In a larger pediatric EE population (n = 381), Liacouras et al. [56]
describe their experience treating EE patients over a 10-year period of time. After withdrawal
of medical therapy, most patients experienced a return of their symptoms and esophageal
eosinophilia. Three studies in adults [59-61] confirm that EE appears to be a chronic
condition in adults as it is in children. The primary initial therapy in these studies was
stricture dilation in contrast to other modes of therapy in the pediatric studies. After initial
improvement, many patients experienced a recurrence of symptoms (most frequently
dysphagia) and either underwent repeat stricture dilations or medical therapy (most
commonly topical corticosteroids).

DIFFERENTIAL DIAGNOSIS

Eosinophilic disorders of the gastrointestinal tract can be divided into primary and
secondary disorders. The primary EGID are characterized by increased eosinophilic
infiltration of the gastrointestinal mucosa without any known cause such as parasitic
infection, drug reaction, malignancy, inflammatory bowel disease, or hypereosinophilic
syndrome. There are also no pathognomonic findings or blood tests that diagnose EGID. The
evaluation of abdominal complaints should start with a complete history and physical
examination. If no obvious causes are identified, endoscopic evaluation will frequently
identify intraepithelial eosinophilic infiltration. At this point, ruling out secondary causes of
eosinophilic inflammation is required before the diagnosis of EGID is confirmed. This
includes evaluation for drug hypersensitivity, malignancy, collagen-vascular disease, or
infection. As eosinophils can be found normally in the gastrointestinal tract (except the
esophagus), experts have suggested several factors to consider when differentiating EGID
from normal conditions [8, 54]. These include: (1) eosinophil quantification (compared to
institution specific normal values), (2) abnormal eosinophil location (such as intraepithelial,
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superficial mucosal, or intestinal crypt region), (3) associated pathologic abnormalities (such
as epithelial hyperplasia found with EE) (4) absence of other pathologic findings suggestive
of other disorders. Eosinophils can normally be found in the stomach and intestine, therefore
the diagnosis of EGID is more complex than in EE. It is also recognized that many disorders
can be associated with eosinophilic infiltration of the stomach including infection with
Helicobacter pylori or other bacteria or parasites, inflammatory bowel disease, collagen-
vascular disease including vasculitis or scleroderma, myeloproliferative disorders,
hypereosinophilic syndrome, or drug hypersensitivity [55]. As with eosinophilic
gastroenteritis, eosinophilic colitis can result from parasitic infections, drug reactions,
inflammatory bowel disease, vasculitis etc. Protein-induced (or allergic) proctocolitis is a
common cause of bloody stools in infancy. Milk and soy proteins are the most frequently
implicated causes. When EGID is confirmed, the location of the abnormal eosinophilic
inflammation will determine whether the patient has EE, eosinophilic gastritis/gastroenteritis,
or eosinophilic colitis.

DIAGNOSTIC APPROACH

The diagnostic approach and treatment for EE outlined here is summarized from the
review and consensus recommendations [17] mentioned above. Endoscopic evaluation is
required. If a diagnosis of EE is being considered, upper endoscopy with biopsies should be
undertaken. Gross appearance should be documented and photographed. Biopsies should be
obtained along the length of the esophagus, as well as from the stomach and duodenum.
Normal appearing mucosa should not discourage this practice as in one series the esophageal
mucosa appeared normal in 30% of children with EE [56].

Monitoring pH may or may not be required. If it is not apparent whether EE or GERD is
the primary diagnosis after endoscopy, pH monitoring may be considered. Repeat endoscopy
after 6 to 8 weeks of therapy consisting of high dose proton pump inhibition may be
considered as an alternative as the eosinophilia associated with GERD should be significantly
improved.

Radiography may be considered. An upper GI contrast study may be appropriate in
patients presenting with dysphagia or vomiting to identify stricture or malrotation. This
information can be helpful before upper endoscopy, however, this is unnecessary in patients
presenting with typical GERD symptoms.

A complete allergy evaluation should be obtained by an allergist to determine the
presence of food sensitivities as well as associated allergic conditions including inhalant
sensitivities, allergic rhinitis, etc. At present, standard allergy testing consists of SPT. Some
investigators supplement the SPT with APT for foods found negative on SPT. The addition of
APT is not practiced in all centers, though this may be the case in the future.

TREATMENT

Dietary manipulation should be aggressively pursued. In general, dietary manipulation
can take one of three forms. The first option consists of simply avoiding six of the most
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common allergenic foods (cow-milk protein, soy, wheat, egg, peanut, and seafood) [42]. The
second option involves avoiding foods implicated by allergy testing. The third option
involves utilizing an elemental formula. These various options should be tailored to the
clinical situation. For example, if skin testing does not result in the identification of many
foods, it might not be unreasonable to pursue a trial avoiding the six allergenic foods. The
studies that revealed benefit of the amino acid-based formula typically utilized nasogastric or
gastrostomy tubes because of the poor taste of the formula. Hydrolyzed formula is not
adequate. Dietary manipulation has not been shown to be as effective in adults. Dietary
manipulation should be done with the consultation of a registered dietician to ensure adequate
caloric and nutritional intake is maintained.

Steroids are frequently necessary to induce and maintain remissions. Both systemic and
topical corticosteroids have demonstrated efficacy in improving symptoms as well as
histology in patients with EE. Due to potential side effects, systemic corticosteroids should be
given on a temporary basis for urgent situations such as severe dysphagia requiring
hospitalization or when there is evidence of dehydration or weight loss. Chronic steroid
therapy should be administered topically in the form of a metered dose inhaler (MDI) without
a spacer. The MDI should be actuated using the closed mouth method (inserted in the mouth
with lips sealed around the mouthpiece). Instead of inhaling, however, the medication should
be swallowed without rinsing afterward (no eating or drinking for 30 minutes). The consensus
recommendations [17] for dosage are 440-880 pg/day in children and 880-1760 ug/day in
adolescents or adults in two to four divided doses. Patients should continue for at least 6 to 8
weeks. Cromolyn sodium and leukotriene receptor antagonists are not recommended.

Comorbid conditions should be treated. Treatment of GERD may be useful in
establishing the diagnosis of EE and it may partially improve symptoms. Symptomatic
improvement may also occur with stricture dilation. Treating comorbid conditions should be
considered for symptomatic benefit, recognizing that this will not be a primary treatment for
EE.

The treatment of eosinophilic gastritis/gastroenteritis or eosinophilic colitis are similar to
EE except that drug delivery strategies must be targeted to the site of intestinal involvement
and IgE related triggers are rarely the cause of colitis. Eosinophilic colitis is frequently a
secondary condition and treatment of the underlying condition is essential. Eosinophilic
colitis of infancy is typically a benign condition that resolves with removal of the protein
trigger. Steroids or non-steroidal anti-inflammatory medications are typically required in
adults depending on the specific underlying cause.

FUTURE DIAGNOSIS AND TREATMENT

Research regarding diagnosis and treatment of EE continues to be a priority. A
preliminary report by Aceves et al [62] described a survey instrument detailing abdominal
symptoms in an attempt to distinguish EE from GERD in children. They found that early
satiety and dysphagia were worse in patients with EE compared to patients with GERD.
Research regarding biomarkers is being pursued for many diseases and EE is no exception.
Konikoff et al [63] investigated biomarkers in a prospective, cross-sectional cohort of
pediatric patients undergoing endoscopy for the possible diagnosis of EE. They obtained
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blood samples to measure eosinophil count, eosinophil-derived neurotoxin (EDN), eotaxin-1,
-2, -3, and IL-5. Stool EDN levels were also determined. Levels of biomarkers were
correlated with eosinophil density and disease activity. The authors found that blood
eosinophil count, EDN, and eotaxin-3 levels were significantly correlated with eosinophil
density on esophageal biopsy, as well as increased in active EE vs controls. A review of the
current status of noninvasive markers of EE has recently been published [64].

IL-5 has been a therapeutic target for EE treatment. Stein et al. [65] reported the results of
an open-label phase I/11 safety and efficacy study of a humanized monoclonal anti-IL-5 1gG
antibody (mepolizumab) in 4 adult patients with EE. The anti-IL-5 therapy was associated
with a significant decrease in blood eosinophil levels, esophageal eosinophil counts, as well
as improved clinical outcomes. Straumann et al. [66] recently reported the results of a
randomized, placebo-controlled, double-blind trial of mepolizumab in 11 adult patients with
severe EE. The authors found that active treatment decreased mean blood eosinophil levels as
well as esophageal eosinophil concentrations (67% vs 25% in placebo group). A small
subgroup experienced a decrease in symptoms. Mepolizumab may be effective for EGID.
However, as with many new biological agents, the cost-effectiveness may only be established
in the more severe patient groups.

Omalizumab is a humanized anti-Igg monoclonal 1gG antibody. Foroughi et al [67]
recently reported the results of an open-label investigation of anti-IgE (omalizumab) in 9
patients with EGID. Most patients had eosinophilic involvement of the esophagus, stomach,
and duodenum. Omalizumab was associated with a significant decrease in blood eosinophil
levels. There were no statistically significant changes in tissue eosinophil concentrations from
baseline. Specific eosinophil levels decreased mildly in the duodenum and gastric antrum and
body (not statistically significant, p = .074, .098, and 0.25, respectively), but increased
slightly in the esophagus (again not significant, p = 0.47). Interestingly, there was a
statistically significant decrease in symptom scores. Further research is necessary.
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ABSTRACT

The chapter reviews current research regarding the prevalence of severe food
allergies in school age children and the most effective preventative and treatment
practices to be implemented in schools. Common concerns revealed in the literature
center around the risks involved when school personnel lack knowledge and awareness of
anaphylaxis and the necessary emergency protocols to put in place in the event of a
reaction. The authors examine the critical role of epinephrine in the early treatment of
anaphylaxis and the urgent need for school nurses, physicians, parents, and educators to
put effective protocols in place. To better ensure that epinephrine be administered
promptly and that care is carefully coordinated with emergency personnel, school nurses
need to be the coordinator of care. Analysis of recent studies regarding the school nurse’s
role in the development of emergency medical plans for children with special health care
needs (CSHCN) reveals the need to have one full-time school nurse per school to better
assure access to prompt, quality care. It is vital for school nurses to actively participate in
the development of Individualized Education Plans (IEPs) or Individual Health Plans
(IHPs) for students identified to have specific health related disabilities and be designated
as the primary individual in charge of implementation of these plans. Across the United
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States there are dramatic differences in state and local policies impacting school nurse
and student ratios which, in turn, can have a significant impact upon management and
care provided to students with special medical needs. Recommendations for standards of
care for students with severe food allergies will be discussed.

An adverse reaction to a food can be due to a variety of mechanisms. Food intolerance is
a term used to describe an abnormal or exaggerated physiologic response to an ingested food
or food additive (there are more than 3,000 used in processed foods today). These can include
lactose intolerance, reactions to food toxins or bacteria, or reactions to food additives such as
MSG or sulfites. These reactions are usually not serious but may recur and are a concern to
families. The term food allergy is reserved for an abnormal or exaggerated immunologic
response to foods. These types of reactions typically are acute and can lead to anaphylaxis.

Anaphylaxis is a potentially life-threatening allergic or allergic-like reaction resulting
from exposure to a substance to which an individual has become sensitized. Anaphylaxis
usually occurs suddenly after exposure with an allergy-causing substance although symptoms
may be delayed 1-3 hours after exposure. The bodily systems that can be involved include
skin (itch, hives, swelling, flushing, sweating), gastrointestinal (vomiting, diarrhea,
cramping), respiratory (runny nose, sneezing, wheezing, cough, hoarseness, shortness of
breath), cardiovascular (tachycardia, hypotension, shock, syncope, cyanosis) and neurological
(anxiety, headache, seizure, feeling of “impending doom”). Often, the individual’s acute
presentation may not contain all of the above symptoms; although, at least two systems must
be involved to be considered anaphylaxis. Differing temporal patterns of anaphylaxis exist
and can include acute (symptoms resolve within hours of treatment), biphasic (recurrence of
symptoms 1-4 hours after initial event), and protracted (unrelenting anaphylactic symptoms
for up to 24 hours) (Simons, 2008).

A variety of triggers can lead to the various clinical manifestations of anaphylaxis. In the
school setting, the most common trigger for anaphylaxis is food, with major culprits being
nuts (peanuts and tree nuts), cow’s milk, eggs, soy, and wheat. Anaphylaxis to fish and
crustaceans (shrimp, crab, and lobster) can occur in children, but is more common in adults.
Other occasional causes of anaphylaxis in school age children include reaction to members of
the Hymenoptera order of insects (fire ant, bee, wasp, and yellow jacket), exposure to latex,
reactions to medication (particularly antibiotics and aspirin-related medications), and exercise
(occasionally related to prior specific food ingestion). Rarely, anaphylaxis can be due to
unknown factors in spite of extensive medical evaluation. Anaphylaxis can also occur in
early childhood, usually due to foods such as egg or cow’s milk, antibiotics, or latex in baby
bottle nipples, pacifiers, or toys.

The pathophysiologic mechanisms of anaphylaxis involve the release of mediators or
chemicals from cells like mast cells or basophils throughout the body after exposure to an
allergen. It is the body’s response to these mediators that causes the various symptoms of
anaphylaxis. Food exposure triggering anaphylaxis usually is the result of ingestion of the
food although there are reports of skin contact or inhalation causing systemic reactions
(Sicherer, Furling, DeSimone, & Sampson, 1999).

The incidence of anaphylaxis has been difficult to quantify due to differing criteria for the
definition of anaphylaxis. A recent commentary by the American College of Allergy,
Asthma, and Immunology (ACAAI) estimate a lifetime prevalence of approximately 0.05%



Preventing and Responding to Food Anaphylaxis in School Settings 191

to 2.0% (Lieberman et al., 2006). Using the 1999 United States population of 272 million,
Neugut and colleagues estimated that between 3.3 and 43 million Americans were at risk for
an anaphylactic reaction because of food, medication, latex, or insect sting, including 1500
fatal reactions (Neugut, Ghatak, & Miller, 2001). Food anaphylactic deaths are probably
underestimated as autopsy findings in fatal food-related anaphylaxis may be negative or
misdiagnosed as acute asthma or acute coronary syndrome (Klein & Yocum, 1995). Reviews
of these fatal reactions have consistently shown that the greatest risk is in adolescents and
young adults (58% of deaths between ages of 13 and 30), and that an injectable source of
epinephrine was usually not available (Bock, Mufioz-Furlong, & Sampson, 2001; Bock,
Mufoz-Furlong, & Sampson, 2007). Adolescents are at particular risk as they are more
removed from parental supervision and are trying very hard to “fit in,” sometimes by denying
or ignoring their specific food sensitivities with occasional tragic consequences (Sampson,
Mufoz-Furlong, & Sicherer, 2006). Through the efforts of the Food Allergy and Anaphylaxis
Network (FAAN), national attention has recently been focused on ensuring the safety of food
allergic children in the school system.

The medical treatment of anaphylaxis ultimately involves an aggressive effort by a team
of physicians in an emergency facility to stabilize respiratory and cardiovascular systems;
however, the single most important and life saving treatment involves the early use of
injected epinephrine and rapid transport of the involved student to a medical facility (Simons,
2004). Currently, avoidance of the offending food and aggressive treatment of “food
accidents” are the only available therapies for the growing number of children with food
allergies. Research is currently underway to develop more active forms of therapy such as
food desensitization and various forms of immunomodulation to reduce patient sensitivity to
food allergens (Nowak-Wegryzyn, 2003; Valenta & Kraft, 2002).

FAMILIES: ANXIETY AND COPING

Over the years, there has been a void in the research related to the impact of living with
food allergies. Recent studies have examined the emotional impact of being diagnosed and
learning to live with life-threatening food allergies upon children and their families. These
studies expose the need for close collaboration of a multidisciplinary group of professionals,
including physicians, social workers, psychologists, school nurses, school administrators, and
teachers, who should assist families with coping, devise emergency plans, and address, with
the families, the physical and emotional needs of their children with severe food allergies.

A 2005 psychosocial study of families (Mandell, Curtis, Gold, & Hardy, 2005) examined
aspects of coping and adjusting to life with severe food allergies. In the study, the authors
utilized qualitative methodology in which they interviewed 17 families where developmental
cycles of coping and adapting were revealed. The researchers found remarkably consistent
coping patterns in families living with the potential for anaphylaxis in a child. Upon
diagnosis, families tended to be hyper-vigilant where they sought information about the
condition and avoidance measures. Over time, families’ levels of anxiety seemed to peak
upon accidental exposure to an allergen, as their children moved through specific
developmental milestones, and as they discovered new research.  This study, as well as
others, indicate that there is an optimal level of anxiety, referred to as “The Goldilocks
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Principle,” where families develop a level of anxiety which is “just right” as they learn to live
day to day with anaphylaxis (Mandell et al., 2005; Mandell, Curtis, Gold, & Hardy, 2002;
Primeau et al., 2000; Avery, King, Knight, & Hourihane, 2003) where the family is neither
hyper-vigilant nor passive. It should be noted that while similarities exist in the families’
ability to cope to chronic illnesses, like asthma, families learning to live with anaphylaxis
were unique in that their adjustment did not tend to be linear, instead it was cyclical. It is
important to understand that families tend to go through “out-of-control” phases where levels
of anxiety are heightened after periods of confidence with their ability to cope. Information
found on coping patterns should provide implications for professionals as they work with
families. Medical professionals should make efforts to provide pertinent information and
assist families in developing support systems (Mandell et al., 2005).

Initially, some families have difficulty grasping the seriousness of the diagnosis; whereas
other families have been described as being extremely anxious. Many of the families
described a heightened level of anxiety at this time due to being provided with insufficient
information by physicians. However, many families conveyed that upon visits to allergists
they received more support. Families found that, in general, allergists tended to be more
informative and would provide education and suggestions for support. At this critical time,
medical professionals should be aware of the need to provide detailed information about the
nature of the allergy, precautions to take, instructions for administering medications, and
where to find support (Mandell et al., 2005).

As children moved through specific developmental stages, parents and children were
found to have periods of intensified anxiety, especially at times when children became more
independent. Parental and child anxiety was highest for children ages six tol1. At this time,
children become more autonomous and cognizant of the severity of their allergies, yet they
are not yet able to fully protect themselves. Logically, as children reach school age, many
families were found to become increasingly anxious about their child’s safety at school where
their children would encounter numerous staff members and other children, and be exposed to
food in various school settings. Interestingly, many parents did not express undue concern
about the level of caution that their adolescent children possess. Instead, parents were most
concerned about whether their adolescent carried their epinephrine at all times (Mandell et al.,
2005). Findings from the 2005 Mandell study, as well as others, reveal that adolescents may
be particularly at high risk since they do not consistently carry their epinephrine, they tend to
engage in risk-taking behaviors, and because they tend to be less inclined to monitor
ingredients (Mandell et al., 2005; Sampson, Mufioz-Furlong, & Sicherer, 2006; Bock et al.,
2001; Bock et al., 2007).

In 2006, risk taking behaviors among 174 adolescents ranging in age from 13 to 21 who
have documented food allergies were investigated (Sampson, Mufioz-Furlong, & Sicherer,
2006). The researchers found that only 61% of the adolescent participants stated that they
“always” carried their epinephrine at all times. Depending upon specific circumstances,
dramatic differences existed in whether or not the surveyed group of adolescents carried their
epinephrine. The majority of the adolescents carried their epinephrine when traveling or
when at restaurants. However, rates of carrying epinephrine decreased significantly when
participating in social activities, sporting activities, and when wearing tight clothing
(Sampson et al., 2006). In a previous study conducted in 2005, Mclintyre and colleagues
found that even though many adolescents are allowed to carry epinephrine, some adolescents
were not carrying their medications (Mclntyre, Sheetz, Carroll, & Young, 2005). It was,
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therefore, recommended that supplies of epinephrine be maintained by schools. Additionally,
it should be noted that the Board of Directors of the American Academy of Allergy, Asthma,
and Immunology (AAAAI, 1998) recommended that all students have assistance
administering epinephrine due to potential difficulties that an individual may experience
when self-administering the drug while having a severe allergic reaction.

A major concern found in the 2005 Mandell study was that of enlisting support from
individuals involved in a child’s life. Families reported difficulty securing cooperation of
others due to failure to comprehend the seriousness of the problem or due to fearfulness. This
reinforces the apprehension that many families experience when they have to entrust their
children with other caretakers. It also helps to place emphasis on the need for understanding
the condition and attempt to understand any coping difficulties that the family may be
experiencing.

Overall, the Mandell study revealed an increase in vigilance among most families after
accidental exposure to a food allergen. Recommendations from the study include the
establishment of a multidisciplinary approach of physicians, social workers, and school
personnel, especially as families move through typical crisis stages and as appropriate
emergency plans are devised and carefully implemented. Multidisciplinary teams should seek
information from families regarding their coping strategies and provide assistance to families
in their attempts to develop an adaptive level of coping (Mandell et al., 2005).

PREVENTION AND POLICIES

Given the increasing incidence of food allergies in children, the need exists for
preparation of school personnel by the school nurse (Weiss, Mufioz-Furlong, Furlong &
Arbit, 2004). Children are particularly at-risk of having anaphylactic reactions since 6-8% of
them have food allergies (Sicherer, Furlong, DeSimone, & Sampson, 2001; Weiss, 2004).
Peanut and tree nut allergies are of particular concern since these allergies are usually not
outgrown and since a number of severe and fatal reactions occurred in schools. In a study of
six fatal and four near-fatal reactions, five of the fatalities were from peanut or nut allergies
with four of the fatalities caused by reactions occurring in schools (Sampson, 1992).

Alarmingly, similar studies conducted within the past decade in the United Kingdom and
the United Studies indicate that peanut allergy has doubled in children (Grundy, Matthews,
Bateman, Dean, & Arshad, 2002; Sicherer, Mufioz-Furlong & Sampson, 2003). Grundy and
colleagues found a 2-fold increase in peanut allergy and a 3-fold increase in peanut
sensitization. In 2002, through a randomized national telephone survey, Sicherer and
colleagues (2002) documented that the number of peanut allergy cases in children had
steadily risen from 0.4% in 1997 to 0.8%. Possible reasons for the increase in children may
be related to the process of roasting peanuts to make peanut butter, early exposure to peanut
when the immune system is immature, and the use of topical ointments containing peanut
(Grundy et al., 2002; Sicherer et al., 2003; Sicherer & Malloy, 2005).

In a 2001 parent telephone interview study of children with a history of allergic reactions
in school, Sicherer and his colleagues found that 16% of the children had reactions in school
or child care. In many reactions, the allergic reaction was due to craft projects involving
peanut products (e.g., bird feeders) and celebrations that included baked goods or shared
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food. Craft projects and cooking activities can lead to high levels of exposure for some
allergic individuals. There was a nurse on site for only 23% of these reactions. The first adult
to recognize symptoms was the teacher (59%), parents when picking their child up from
school (32%), and other school personnel in the remaining cases. In 60% of the cases, parents
were notified. Emergency plans were in place for only 33% of the students and followed only
73% of the time. Training of epinephrine administration occurred in 25 of the 29 cases prior
to its use (Sicherer, Furlong, DeSimone, & Sampson, 2001).

A recent update on peanut allergy by Sicherer extends recommendations for allergic food
avoidance in school made by the American Academy of Allergy in 1998 (Sicherer, 2002).
These suggestions include increased supervision during meals and snacks, no food or utensil
sharing, cleaning of tables and toys, substitution of causal foods during craft, cooking and
science projects, hand washing before/after food handling, provision of safe substitution
foods, ingredient lists for any foods brought from home, and instruction of staff on issues
including careful label reading, cross-contamination, and technical/scientific word(s) for the
food(s) (Sicherer, 2002).

Despite the AAAAI’s 1998 Position Statement, schools have fallen short in their
responsibility to care for students who have the potential of having anaphylactic reactions. A
2005 study in 109 Massachusetts schools sought to determine the incidence of anaphylaxis in
schools, the availability and use of epinephrine, the training of school personnel, and the
existence of emergency plans. Results from the study revealed that epinephrine was
infrequently used or was unavailable, emergency plans were not always in place, and staff
training had not consistently occurred. In cases where epinephrine was administered, the
average time from onset of symptoms to administration was 10 minutes with a range up to 75
minutes (Mclntyre et al., 2005).

Mclintyre and colleagues made several recommendations based upon the findings from
their study (2005). First, epinephrine should be on-site and used immediately when
anaphylactic symptoms are present. In some cases, there was no supply of epinephrine or
physician’s orders for its use. Second, comprehensive staff training is needed in schools.
Many schools did not train the staff in prevention strategies and reaction response. Third, all
individuals treated with epinephrine should be transported to the hospital immediately due to
the possibility of biphasic reactions. In this study, nine (8%) individuals were not transported
to an emergency facility. Fourth, as supported in the Mclntyre study and by the National
Association of School Nurses (NASN), children with special health care needs (CSHCN) or
children with chronic medical conditions which require medical services that are not typical
of other children, need to have emergency care plans (ECPs) in place. The Mcintyre study
found that ECPs existed in 92% of the cases; however, the schools emergency response
system was implemented in only 62% of the cases.

A significant finding in the Mcintyre study was that allergic reactions occurred in 24% of
individuals who had not previously experienced allergic reactions. Similarly, the 2001
Sicherer study found that first time reactions to peanuts occurred in 25% of students while at
school. Additional recommendations from the Mclintyre study include the implementation of
physician signed protocols to authorize the administration of epinephrine by the school nurse
to anyone experiencing anaphylactic symptoms. Furthermore, back up supplies of epinephrine
should be available in schools and stored in multiple sites. If the nurse is unavailable,
protocols should establish that school personnel be trained to recognize symptoms of
anaphylaxis and call emergency personnel for treatment (Mclintyre et al., 2005).
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THE ROLE OF SCHOOL NURSES

In their position statement, the National Association of School Nurses (2006b) outlines
school nursing policies and procedures. In 1975, Congress enacted the Education for All
Handicapped Children Act (EHA) to ensure free and appropriate public education for students
with disabilities, including students with health related conditions. The act was amended and
renamed in 1990 as the Individuals with Disabilities Education Act (IDEA) and has since
been amended in 2004 and 2007. The 2004 reauthorization includes nursing services as a
related service to help ensure that students’ health needs are met and that these students are
educated in the least restrictive environment. Students with health related disabilities are to
be provided medical services or supervised medical services by a Registered Professional
School Nurse. Two US Supreme Court decisions, Irving Independent School District v Tatro
(1984) and Cedar Rapids Community School District v Garret F. (1999) gave impetus to
IDEA’s requirements for students with health related disabilities to be provided nursing
services, if deemed necessary, as a part of their Individualized Education Plan (IEP) in order
for the students to access and benefit from their educational programs (Thies, 1999). If
students are not served under IDEA, they may be provided services through the Section 504
of the Vocational Rehabilitation Act (1973) where reasonable accommodations must be
provided to students with a disability or a substantial limitation to a major life activity,
including health and learning needs. 504 plans provide reasonable accommodations which
may include school nurses services, such as medication administration as well as other health-
related procedures.

Through IDEA and 504, students with health related disabilities have detailed educational
plans stipulated through an Individualized Education Plan (IEP) and detailed medical plans in
an Individualized Health Care Plan (IHP) or in a 504 accommodation plan. An IHP is a
detailed school health plan addressing all of a student’s health care needs; whereas an ECP
(Emergency Care Plan) is the specific emergency response protocol that school nurses should
develop along with the multidisciplinary team and the child’s family for the emergency
treatment of a child experiencing a medical emergency, such as an anaphylactic reaction in
and outside of the school facility. To better ensure effective ECPs, school nurses need to be
the coordinator of care where they assist in the planning of emergency responses which are
carefully coordinated with emergency personnel (National Association of School Nurses
[NASN], 2006b; Sheetz et al., 2004).

In 2005, Olympia and colleagues randomly selected 1000 school nurses to survey in
order to determine school preparedness to respond to medical emergencies. Sixty-nine
percent of the forms were completed and returned. In association with other studies related to
emergency preparedness for students with chronic illnesses, the researchers obtained similar
findings. For instance, 86% of the schools had medical emergency response plans (MERPS)
or ECPs in place. However, only 35% of the schools practiced the plan. Thirteen percent of
the schools did not designate personnel to make medical emergency decisions. In 205 schools
without a full-time school nurse, 17% did not have MERPs, 17% did not designate personnel
to make medical emergency decisions and 72% did not have effective communication
systems. As further support for emergency care planning, the researchers concluded that
schools would be better prepared to deal with life-threatening emergencies by practicing their
emergency care plans several times per year, by having effective campus communication
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systems, and by ensuring that personnel are assigned and practice designated roles in response
to a medical emergency (Olympia, Wan, & Avner, 2005).

In 2004, Weiss and his colleagues conducted a nationwide study of 400 school nurses in
an attempt to determine the impact of food allergies on school nursing practices. Forty-four
percent of the nurses reported an increase in the number of students with food allergies.
Overall, the nurses reported a mean of 9.9 students in their schools with food allergies. When
asked to measure the challenge of nursing children with special health care needs (CHCSN)
on a scale of 1 (“not a challenge at all) to 10 (“a significant challenge”), 29% of the nurses
rated food allergies at either 8, 9 or 10, or similar to how they rated conditions such as
diabetes. In comparison to other health related problems, 87% of the nurses indicated that
food allergies in children is a somewhat or a very serious concern. Seventy-one percent of the
nurses reported that caring for students with food allergies is very burdensome (Weiss et al.,
2004).

The Weiss study (2004) revealed concerns regarding a significant number of severe food
allergic reactions occurring in schools and inadequate school responses to allergic reactions.
Inconsistencies in staff training and standardized training plans were prevalent. The
researchers found that 87% of schools had emergency care plans (ECPs) in place for students
with food allergies, staff was trained in 78% of the time, 73% of the schools had food trading
restrictions, and 81% of the schools developed emergency plans for field trips. In addition to
inconsistent training programs, it was found that parents, rather than school nurses, conducted
staff training in 47% of the cases.

Weiss and colleagues (2004) found that many of the school nurses were unaware of
published resources, available at no cost, such as the Massachusetts Department of Education
2002 plan, Managing Life Threatening Food Allergies in Schools (Sheetz et al., 2004), and
The School Food Allergy Program from the Food Allergy and Anaphylaxis Network (FAAN)
as well as additional support and training materials that FAAN provides. Seventy-four percent
were unaware of FAAN altogether. As a result, nurses were continually “reinventing the
wheel” when developing food allergy staff training programs.

Furthermore, the Weiss study (2004) revealed that 13% of nurses were part time and 32%
of the nurses served more than one school. This raises concern about who will coordinate
care and locate epinephrine in the event of a reaction when the nurse is not present. As
previously stated, delays in the administration of epinephrine have been cited as a factor in
the deaths of students. Like Weiss and colleagues, other researchers have recommended that
effective emergency response teams be put in place where multiple staff members are trained
to efficiently recognize and treat a reaction and that epinephrine storage be readily known.
Even when a nurse is on-site, there is the possibility that the nurse may be treating another
student or that the nurse may be in a remote part of the campus (Mcintyre et al., 2005;
Sicherer et al., 2001). The findings from the Weiss study (2004) and others imply the need for
national standards of care, including among other recommendations, a full-time registered
school nurse at each school (Weiss et al., 2004; Sheetz et al., 2004; Mclntyre et al., 2005;
Sicherer et al., 2001; Brener, Wheeler, Wolfe, Vernon-Smiley, & Caldart-Olson, 2007;
NASN, 2006a).

To help schools more safely manage students with severe food allergies, a bill was
proposed in the United States Senate by Senator Chris Dodd of Connecticut. The bill, entitled
“The Food Allergy and Anaphylaxis Act of 2007,” was proposed on April 26, 2007 and is
currently under review. If passed, the purpose of the act is to provide “consistent,
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standardized” guidelines to assist schools in the management of food allergy and anaphylaxis.
In addition, schools will be able to obtain grants to assist in the development of
comprehensive, standardized guidelines (S. 1232, 2007).

In an effort to effectively implement a multidisciplinary approach in schools, the school
nurse should serve as the coordinator of care and planning for students with significant
medical problems. In that capacity, the nurse, along with the parents, the school staff, and the
child’s physician, constructs the IHP, including an Emergency Care Plan (ECP) or emergency
treatment plan. As health care coordinators, school nurses have access to all members of the
school, the parents, and physicians (NASN, 2004). Even though faculty and staff should be
trained to administer life-saving medications and cardiopulmonary resuscitation, school
nurses are uniquely qualified to perform more sophisticated health services (Brener et al.,
2007).

Analysis of recent studies regarding the school nurse’s role when caring for children with
special health care needs (CSHCN) reveals the need to have one full-time school nurse per
school to better assure access to prompt, quality care. Across the United States there are
dramatic differences in state and local policies impacting school nurse-to-student ratios
which, in turn, can have a significant impact upon management and care provided to students
with special medical needs (Guttu, Engelke, & Swanson, 2004). Historically, the National
Association of School Nurses (NASN) and the federal government have recommended a
school nurse to student ratio of 1:750. In schools where there are more significant numbers of
students with disabilities and chronic medical conditions, it is recommended that there be
better nurse-to-student ratios. More recently, NASN has recommended that one professionally
trained (preferably nurses with a baccalaureate degree), full-time school nurse be in every
school building to meet the medical needs of students (NASN, 2006a; Brener et al., 2007).

In 2006, The Centers for Disease Control and Prevention conducted its sexennial School
Health Policies and Programs Study (SHPPS) to ascertain information about specific health
services provided to students in all 50 states. Among their findings were that 86.3% of
schools had a part-time nurse, 35.7% had a full-time nurse, and 45.1% of all schools had
nurse-to-student ratios of 1:750. SHPPS recommended that the breadth of school nursing
services be increased. A critical initial step would be to improve the nurse-to-student ratio in
schools. In order for more encompassing reforms to take place, school districts will need
policy support through legislation and funding (Guttu et al., 2004; Brener et al., 2007).

SCHOOL PLANS AND EMERGENCY RESPONSE

Proposals for managing food allergy in the school setting have been published based
upon the recommendations of the Board of Directors of the American Academy of Allergy,
Asthma, and Immunology (AAAAI, 1998). A summary of treatment protocol suggestions
recommended by Sicherer for food allergic children in schools include physician-prescribed
treatment protocols in place with periodic review, epinephrine available for potentially life-
threatening reactions (readily available, not locked), and education of supervising personnel
on (a) recognizing the signs of an allergic reaction, (b) techniques of medication
administration, and (c) basic first aid and resuscitation (AAAALI, 1998; Sicherer, 2002). The
development and implementation of an action protocol by the school multidisciplinary team
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for a specific child’s food allergy is imperative and should involve input from the student,
parents and their physician, teachers, and the school nurse (NASN, 2006b).

The American Academy of Pediatrics Committee on School Health recommends that
schools be prepared to treat anaphylaxis in students (AAAAI, 1998; Mcintyre et al., 2005;
Sampson, 2004). In addition to IDEA and 504 requirements (NASN, 2004), public schools
must comply with the Americans with Disabilities Act (ADA) which mandates
accommodations for students with allergies (AAAAI, 1998). ADA guidelines indicate that
accommodations be made to enable students with allergies to participate in all school
activities. In addition, effective treatment protocols should be developed by physicians and
efficiently implemented for students while ensuring that medications are always accessible.
(AAAAI, 1998; NASN, 2004; Mufioz-Furlong, 2004)

As previously indicated, parents of a child with a life-threatening food allergy should
provide written documentation of the student’s allergy and appropriate treatment protocols
from their physician. The documentation should assist school nurses in coordinating the
school’s emergency response team in the development of effective and efficient emergency
treatment plans (Weiss et al., 2004). At least two automatic epinephrine injection devices
should be supplied by the parents for all children with previous food reactions (AAAAI,
1998; Mcintyre et al., 2005; Hay, Harper, & Moore, 2006). These devices should accompany
the child on class trips or any outings (AAAAI, 1998; Mclintyre et al., 2005). An individual
child’s emergency plan should delegate who carries and administers the medication. With
physician approval, some mature and responsible students may be allowed to carry prescribed
epinephrine while at school. (Weiss et al., 2004) Nevertheless, it is imperative that staff be
trained and backup of medications be available (Weiss et al., 2004; Sicherer et al., 2001;
Sampson et al., 2006). Plans should be made for calling emergency medical services, parents,
and physician, who will stay with the child having the reaction.

School planning should include procedures for alerting the child’s teachers and a
prominent notation should be made on the child’s health record. Staff training should also
incorporate being trained to administer CPR and first aid. Phone numbers of the nearest
medical facility and the estimated response time of a local EMS team should be determined
(Hay et al., 2006).

When responding to anaphylactic reactions, school personnel should begin with
recognition of the symptoms and prompt administration of epinephrine. Treatment of
anaphylactic reactions should be sequential. In this order, calls should be made to emergency
medical services (911), the child’s parents, and the child’s physician (if phone number is
available). Additional medication administration should be deferred to EMS personnel or to
physicians in an emergency room. Children experiencing anaphylactic reactions should not be
transported to an emergency facility by school personnel under any circumstances unless
emergency transport services are unavailable in the community. Immediate administration of
epinephrine at the school and further treatment by emergency medical services at the site and
during transport are essential aspects of therapy to reverse a potentially life-threatening
anaphylactic reaction (Hay et al., 2006).



Preventing and Responding to Food Anaphylaxis in School Settings 199

AWARENESS AND INCLUSION OF STUDENTS

The social and psychological impact of food allergies on students, families, teachers, and
school personnel should be considered. The presence of food in the cafeteria, classroom or
school events can be stressful for food allergic individuals. Avoidance is the key to managing
food allergies. Thorough precautions should be put in place to prevent allergic reactions and
to prevent stigma and isolation of children with severe allergies (AAAAI, 1998). To promote
inclusion and acceptance, teachers can conduct allergy awareness lessons to foster appropriate
social interactions among students. Training kits and awareness materials are available to
parents, children, and schools from The Food Allergy Network (www.foodallergy.org), a
national food allergy support group. Teachers should ensure that their lessons are age
appropriate and include accurate information regarding food allergies, effects of allergies, and
emergency plans. Through teacher and school nurse directed lessons, acceptance and
understanding of those with food allergies can occur. Understanding, empathy, and friendship
can be promoted and misunderstanding and potentially dangerous ridicule can be prevented.
Pertinent and accurate knowledge of food allergies can better assure the prevention of allergic
reactions and can help maintain a safe school environment for students with severe food
allergies. (Salend, 2008; Hay et al., 2006)

CONCLUSION

The diagnosis of life-threatening food allergies in children has tremendous social,
emotional, and medical implications for families. Pediatric patients and their families need
guidance in their quest to obtain accurate and relevant support from a multidisciplinary group
of professionals (NASN, 2006b). Families must learn to effectively manage their child’s food
allergy and develop an optimal level of coping (Mandell et al., 2005). In addition, appropriate
medications must be prescribed and families must be taught how to successfully handle
medical emergencies (Bock et al., 2001).

When considering the possibility of potential life-threatening food allergic reactions in
school children, it is imperative that teachers, administrators, school nurses, social workers
and outside medical personnel collaborate to ensure proper prevention and treatment of
children with severe food allergies. School personnel must obtain the necessary, documented
medical information from parents. If school personnel are open, knowledgeable, and
understanding, they can successfully develop and implement effective health plans to prevent
food reactions and develop emergency action plans to implement when emergency life-
threatening food reactions occur.
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