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Introduction

Allergy to egg is one of the most common food hyper-
sensitivities in childhood. The estimated prevalence of
egg allergy varies between 1.6% and 3.2%, depending
on ascertainment method or definition [1,2¢,3¢]. Hen's
eggs are a common food source in many cultures, and
egg protein is found in a wide range of cooked or manu-
factured foods. This may increase the risk for inadvertent
allergen exposure. Egg-derived proteins are also present
in vaccines {4-7]. Recent advances in our understanding
of diagnostic in vitro and in vivo tests for egg allergy have
simplified the diagnostic process [8]. In this review, we
focus on the clinical presentation, diagnosis, treatment,
natural history, and prevention of egg allergy.

Egg Allergens

Allergens in egg can elicit either immediate-type, immu-
noglobin E (IgE} mediated reactions, or cell-mediated,
delayed-type reactions [9]. Egg white represents the
albumin fraction of the egg and contains more allergenic
proteins than the yolk. During the past decade, five major
allergens in egg have been characterized (Gal d 1 to 5;
Table 1) [10,11]. The proteins in egg white include the
allergens ovomucoid (Gal d 1) [11-13], ovalbumin (Gal d
2) [14-16], ovotransferrin (Gal d 3), lysozyme {Gal d 4),
and ovomucin., Ovalbumin is the most abundant egg-white
protein (65%-68%) [17]. Previously, ovalbumin was con-
sidered the main egg allergen. Later studies suggested that
the glycoprotein ovomucoid was the immunodominant
allergen in egg white [14]. Ovotransferrin (also called
conalbumin} is a non-heme, iron-binding, acute-phase
protein in chicken plasma and egg white [18]. The main
allergen in egg yolk, chicken serum albumin (also called
alpha-livetin, Gal d 5), is thought to be involved in the
pathogenesis of bird-egg syndrome [19,20]. The role of
other egg-yolk allergens, such as apovitellenin [ and 1V, is
not well understood. Egg lecithins, which are commonly
used as emulsifiers in manufactured foods, may have
residual allergenic properties [21]. However, it is not clear
whether egg-derived lecithins are present in manufactured
foods in sufficient quantities to elicit adverse effects.

Epitopes
The antigenicity of egg allergens depends greatly on their
resistance to heat and digestive enzymes, as well as the
presence of IgE-specific epitopes on the proteins or pep-
tides. Ileating of ovalbumin to 95°C has no significant
effect on IgE binding in humans, suggesting that ovalbu-
min-specific Igk predominantly binds to linear epitopes
[22]. Raw ovalbumin at an acid pH < 2 is relatively resis-
tant to peptic digestion, whereas heat-coagulated egg is
more easily digested |23]. By contrast, the same authors
found that ovomucoid was easily digested at a pH range
of 1.5 to 2.5, but proteclysis was inhibited when the pH
was higher than 3.0 [23].

Several epitopes on ovalbumin and ovomucoid have
been characterized [10-16]. Five distinct IgE-binding
epitopes have been found on ovalbumin [15]. The clini-
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Table 1. Major egg allergens

cal pattern of egg allergy was initially thought to relate to
specific T-cell clones with different cytokine profiles and
antigen recognition by T-cell receptors [24]. However, a
subsequent study by the same group failed to align the
immunologic phenotypes of defined T-cell clones with
patients’ clinical manifestations of egg allergy [25].

Egg Antigens in Amniotic Fluid and

Breast Milk

Food-allergic manifestations may occur in exclusively
breast-fed infants due to the transfer of intact food proteins
into amniotic fluid and breast milk [26,27e]. This early
contact of the fetal immune system with food and environ-
mental antigens may modulate early immune responses
and, if genetically susceptible, predispose to allergic sen-
sitization [27#,28]. Several intact food proteins have been
demonstrated in human milk, including B-lactoglobulin,
ovalbumin, ovomucoid, and peanut [26,27¢,29,30-32].
After a defined egg challenge, ovalbumin was detected in
the breast milk of 76% women [29¢]. There was a direct
dose-response correlation between the ingested amount
of egg and levels in human milk. Maternal ovalbumin-
specific serum IgG levels are markers of maternal egg
consumption and correlate well with cord-blood levels
[33e]. This finding suggests that transplacental transfer
of ovalbumin-specific IgG antibodies may influence the
risk for atopic sensitization of the infant. A recent study
measured cord-blood and breast-milk concentrations of
ovalbumin following a maternal egg-avoidance diet [27e].
At 3 months postpartum, in 35% of lactating women,
ovalbumin was present in higher concentrations in breast
milk than in blood. Strict dietary elimination of egg did
not reliably prevent passage of ovalbumin into breast
milk. Although diets in this study were closely monitored,
persistence of breast-milk ovalbumin despite dietary
elimination most likely reflects inadvertent maternal egg
intake or prolonged excretion [26].

Threshold Doses
Contamination of manufactured foods with egg and
other food proteins may potentially cause significant

food-allergy reactions. To aide industries in developing
safe food standards, efforts have been made to define
the minimum food-allergen dose that may elicit clini-
cal food-allergic reactions. A French study assessed 125
individuals with positive food challenges to egg [34].
In that study, the lowest observed adverse effect level
(LOAEL) of egg protein was less than 2 mg. A consensus
conference has recently developed a double-blind, pla-
cebo-controlled, low-dose challenge protocol, starting
with an allergen dose of 10 g, with doses increasing at
30-minute intervals [35e]. This protocol allows exact and
standardized determination of LOAEL and cumulative
allergen doses for egg and other foods. It is not known if
a similar threshold dose for ovalbumin can be defined in
breast milk.

Clinical Presentation of Egg Allergy

Immediate allergic reactions to egg

Infants and young children may develop acute-onset reac-
tions after ingesting egg-containing foods. Many of the
reactions occur after first exposure to egg, particularly in
infants with atopic dermatitis (AD) [36]. Reactions span
the full spectrum of allergic reactions, from vomiting, urti-
caria, and angioedema, to anaphylaxis. Egg anaphylaxis
accounts for less than 10% of all anaphylactic reactions in
children and only rarely occurs in adults [37]. Fgg allergy
may occur in association with other food allergies, most
commonly allergy to cow’s milk and peanut. Table 2 sum-
marizes the prevalence of food allergic manifestationsina
cohort of 207 consecutive infants with egg allergy (mean
age 12.2 + 4.6 months, range 2-24 months, 65% male),
treated in the Allergy Department the Royal Children’s
Hospital, Melbourne (Hill et al., Unpublished data). In
Australia, it is recommended that the introduction of egg
be delayed until 12 months of age, which may account for
the mean age at diagnosis of our cohort.

Atopic dermatitis

AD is the most common clinical manifestation of
egg allergy in infancy. AD in infancy is associated
with the increased production of ovalbumin-induced
interleukin (IL)-5 production [38]. More than 80% of
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Table 2. Initial clinical manifestations of egg
aller

in 207 infants {(mean age [2 months)

infants with egg allergy suffer from AD (Table 2). Food
allergy-induced AD may occur in breast-fed infants who
have never directly ingested egg [36,39]. In an Austra-
lian study of 620 infants who were at risk for atopy and
studied to 12 months of age, the risk for IgE-mediated
egg allergy increased in parallel with the severity of AD
[40e]. Testing for food allergies has, therefore, become
an integral part in the management of AD in infants
and young children. AD developing in older children or
adults is usually associated with other etiologic factors,
including staphylococcal skin infection or exposure to
house dust mite [41].

Asthma and sensitization to inhalant antigens

Egg allergy is a risk factor for the development of asthma
[420,43]. High IgG, serum antibody levels to ovalbumin
at 1 year of age were predictive of asthma (sensitivity
64%, specificity 74%) and may be useful markers for
identifying infants with an increased risk for asthma
[442]. Sensitization to food allergens in early childhood
is usually transient and often associated with early sensi-
tization to inhalant allergens and asthma [45].

Allergy to egg may develop in response to inhaled lig-
uid and aerosolized egg proteins used in the baking and
confectionary industry. A recent case series described four
bakery workers who had developed occupational asthma
due to allergic sensitization to egg white proteins [46].
Adults with the bird-egg syndrome present with respira-
tory and gastrointestinal reactions to both egg proteins
and bird feathers or dander [47]. Chicken serum albumin
(Gal d 5) has been found to be the main cross-reacting
egg allergen in this condition [19,20,48].

Gastrointestinal manifestations

Gastrointestinal manifestations account for a minority of
egg-allergic manifestations. Egg proteins may be involved
in a variety of gastrointestinal disorders, including aller-
gic proctocolitis and eosinophilic esophagitis [49,50]. In
a study of 95 infants with food protein-induced procto-
colitis, 19% responded to dietary elimination of egg [49].
Similarly, in 26 patients with eosinophilic esophagitis,
36% had evidence of sensitization to egg on SPT, and
24% had a positive patch test to egg [50]. These findings
highlight that egg might have a role in the pathogenesis
of specific gastrointestinal disorders. It is unclear whether
sensitization to egg proteins is just a marker of these dis-
orders, or whether egg proteins are directly involved in
the pathophysiology.

Vaccines
Several vaccines have been associated with adverse effects
in children with egg allergy, including influenza and
yellow fever vaccine [5,6]. Hypersensitivity to the mea-
sles-mumps-rubella (MMR) vaccine was initially thought
to be due to egg allergy [51], but has more recently been
shown to be associated with gelatin allergy [52]. A pro-
spective study demonstrated that MMR vaccine can be
safely administered in egg-allergic children [53].
Influenza vaccine is cultured in allantoic cavities of
embryonated hen's eggs and may contain small amounts
of intact ovalbumin and other egg proteins [6]. Egg
allergy is, therefore, still considered a relative contraindi-
cation to immunization against influenza, particularly in
individuals with a history of egg anaphylaxis. Protocols
for the safe administration of influenza vaccine have been
devised [7]. Exacerbation of asthma after administration
of influenza vaccine appears to be unrelated to hypersen-
sitivity to egg proteins [54].

Diagnosis

The diagnosis of eggallergy is suggested by a previous adverse
reaction to egg-containing foods, usually before the age of
2 years. Confirmation of the diagnosis by double-blind,
placebo-controlled food challenge (DBPCFC) remains the
definitive test [55], but it is not considered practical in the
primary care setting. Measurement of egg-specific serum
IgE antibody levels, skin prick testing, and atopy patch test-
ing are the other main diagnostic tests available.

Food challenge

Although DBPCFC is the definitive test for food allergy, open
food challenges (OFC) are considered sufficient as long as
the clinical reaction can be objectively observed. DBPCFC
is required in clinical research or for confirmation of subjec-
tive or delayed food-allergy reactions. Food challenges have
become an integral part in assessing infants with AD [56].
Food challenges are resource-consuming and associated
with a risk for anaphylaxis [57¢]. The recent definition of
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Table 3. Diagnostic cut-offs for CAP-FEIA and skin prick test predicting a positive food challenge in
patients with egg allergy

predictive cut-off values for SPT and CAP-FEIA has signifi-
cantly reduced the need for formal food challenges [58].

Efforts have been made to standardize challenge pro-
tocols [59e]. Many centers commence a food challenge
with a labial challenge of a drop of raw egg for 2 minutes,
observing for localized angioedema, labial swelling, urti-
caria, or systemic reactions [60]. The use of uncooked egg
has been abandoned in some centers owing to the risk for
contamination with Salmonella enteritidis or related strains
[61]. Increasing doses of egg are administered every 15
to 30 minutes, as tolerated. If no adverse reaction occurs
on the first day of the challenge, ingestion of the food is
continued for a total of 2 to 7 days to allow detection of
delayed cutaneous or gastrointestinal reactions.

Food-specific immunoglobulin E antibody levels
Measurement of egg-specific serum Igl antibodies is
a convenient way of testing for egg allergy. However,
presence of IgE antibodies by itself is not sufficient to
distinguish between true egg allergy and asymptomatic
sensitization. Studies by Sampson and Ho [62] demon-
strated that a serum IgE level to egg > 6kU, /L (CADP-FEIA,
Pfizer-Pharmacia) predicted a positive challenge with
> 95% accuracy (Table 3). This finding has subsequently
been confirmed in a prospective study [63]. In children
with a convincing history of an adverse reaction to egg,
in conjunction with a CAP-FEIA to egg > 6 kU, /L, for-
mal challenges are no longer routinely performed. This
has reduced the need for formal food challenges by up to
509% [58] (lable 3).

In clinical practice, challenges are often considered
when patients have at least a 50% chance of being tolerant

to a particular food item. Perry et al. [64e] defined cut-off
values at which a patient has a 50% chance of passing a
food challenge. In that retrospective review, the authors
found that at least 50% of patients with an egg-specific
CAP-FETA below 2 kU, /L passed their food challenge
[64e]. (sterballe et al. [65] found the 95%-predictive
egg Igk at 1.5 kU, /L {CAP-FEIA), but demonstrated no
relationship between egg-specific IgE concentrations and
minimal threshold dose on food challenge.

In a recent German study, the 95%-predictive CAP-
FEIA IgE concentration for a positive egg challenge was
12.6 kU, /L [66e]. In that study, the predictive cut-off
levels in infants younger than 12 months were generally
lower than in older children |[66%]. An earlier Spanish
study in infants younger than 2 years of age with egg
allergy defined the 94%-predictive CAP-FEIA cut-off at
> 0.36kU, /L [67], which was significantly lower com-
pared with the German study [662]. The range of cut-off
values in the studies discussed may be due to differences
in the clinical characteristics of cohorts or in challenge
procedures. Table 3 summarizes the currently available
diagnostic decision points for CAP-FEIA and SPT.

Skin prick test

SPT is based on the cutaneous release of mast cell
mediators after introduction of food antigens into the
superficial layers of the skin with a lancet [68]. The size
of the wheal diameter depends on several factors, includ-
ing the level of mast cell mediator release and the antigen
dose (allergen extracts vs raw egg). Wheal diameter cut-
off levels have been defined that predict a positive food
challenge (Table 3). A wheal diameter of 2 7 mm has been
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shown to be 100% predictive of a positive egg challenge
[69]. In infants and children younger than 2 years of age,
the predictive cut-off for a positive challenge was lower
(2 5 mm) [69]. In our practice, food challenges are not
required for a diagnosis of egg allergy if the SPT wheal
diameter exceeds the age-specific predictive cut-off. Ver-
stege et al. [70°] have recently published their predictive
wheal cut-off diameters. The higher cut-off values com-
pared to the data by Sporik et al. [69] may be due to the
use of raw egg rather than extract for SPT [71].

Atopy patch test

In recent years, the atopy patch test (APT) has become rec-
ognized as a diagnostic tool for food allergy in children
[72,73]. The APT is based on cutaneous cell-mediated
responses after epicutaneous application of allergens for
48 hours. APT appears particularly useful in determin-
ing the role of food allergens in infants and children with
non-Igk {cell-mediated) or mixed (IgE and cell-mediated)
food-allergic manifestations, including atopic dermatitis
[72,74,75]. The test may also have a role in diagnosing
underlying food allergies in patients with gastrointestinal
cow’s milk allergy (CMA) [76e] or eosinophilic esophagi-
tis [50]. The methodology involves application of fresh
egg onto the skin for 48 hours, occluded by a 12-mm
aluminium chamber (Finn chamber) {73,77]. The APT
has a low sensitivity but high specificity. @sterballe et al.
[78] found that the APT alone was insufficient to predict
egg allergy. However, if used in conjunction with SPT
(high sensitivity, low specificity}, the diagnostic accuracy
increases significantly. Roehr et al. [79] showed that for
a combined positive AP1 and SP'1" to egg, the positive
predictive value was 94%. Use of the APT in conjunc-
tion with SPT or other IgE-based tests, therefore, has the
potential to reduce the need for formal food challenges.

Treatment

Oligo-allergenic elimination diet

Dietary avoidance of egg-containing food is the main prin-
ciple of treating egg-allergic individuals [80]. If patients
are predominantly sensitized to heat-labile egg epitopes,
small amounts of well-cooked egg may be tolerated [20].
The need for dietary elimination should be reassessed on a
regular basis. Elimination diets in young children may be
associated with adverse nutritional outcomes, and growth
parameters should be closely monitored [81].

Maternal elimination diet

Elimination of egg from the maternal diet is now consid-
ered a standard treatment in breast-fed infants with food
allergies [26,272,49,82,83], including atopic dermatitis
[82], colic [83], and food protein-induced proctocolitis
[49]. Although there appears to be a direct dose-effect rela-
tionship between concentrations of ovalbumin in breast
milk in relation to the maternally ingested amount {292],

a strict elimination diet may not completely eliminate
egg proteins from breast milk [272]. Broad-based mater-
nal elimination diets need to be balanced with regard to
protein, energy, and micronutrient content, and require
careful monitoring by an experienced dietitian [80].

Treatment of anaphylaxis

Intramuscular epinephrine is the treatment of choice
for acute anaphylaxis [84]. In the ambulatory setting,
epinephrine is easily administered by an autoinjector
(EpiPen, Dey L.P.,, Napa, CA) [84-89]. An epinephrine
autoinjector is required if a patient is at significant risk for
anaphylaxis, regardless of etiology [85]. Concerns have
been raised whether the EpiPen always ensures adequate
intramuscular administration, as in obese adults the
thickness of the fat layer at the lateral thigh may exceed
the needle length [90]. In children, the EpiPen Jr. or
EpiPen is usually administered by parents or caregivers,
and adequate training in the use of the device is essential
[86]. The need for an epinephrine autoinjector should be
reviewed on a regular basis.

Prognosis and Natural History

Epidemiologic studies of egg allergy found a much lower
prevalence of egg allergy in adults and adolescents,
compared to young children [2e,3¢], suggesting that egg
allergy resolves spontaneously in most cases. Prospectively
collected data on the natural history of egg allergy are
limited [91]. A retrospective study found that of 25 young
children with challenge-proven egg allergy, 11 (44%)
developed tolerance within 2.5 years [92]. Children with
cutaneous and gastrointestinal reactions appeared to have
a better prognosis than those initially presenting with
angioedema or respiratory symptoms [92].

Specific oral tolerance induction (SOTI) protocols
have recently been trialed in an attempt to hasten the
development of tolerance in food-allergic children. The
SOTI protocol aimed for a controlled, stepwise increase
toward a target dose of 4.5 g egg protein per day over 37
to 52 weeks [93]. Although patients gradually tolerated
increasing doses of egg, food-allergic symptoms recurred
on formal challenge after a period of dietary elimination.
These findings suggest that SOTI induces tachyphylaxis
rather than long-term immune tolerance [93].

The prognosis of egg allergy in infants younger than
2 years is generally good: it is estimated that approxi-
mately 50% will be tolerant within 3 years, and 66%
within 5 years of the initial presentation [94]. Monitor-
ing for the development of tolerance relies on repeated
skin and IgF testing, as well as food challenges [95]. In
a recent study, food-specific IgE levels (CAP-FEIA) cor-
related well with the development of tolerance and were
found useful in the monitoring of egg-allergic patients
[94,962]. Although the egg-specific IgF level at first pre-
sentation did not predict transience or persistence of egg



150 Food Allergy

allergy [97], the rate of the decline in antibody levels
may provide some prognostic information [96e].

Conclusions

Maternal dietary elimination during pregnancy and lacta-
tion have been assessed as possible strategies in primary
food allergy prevention [65]. There was no evidence for
a protective effect of a maternal elimination diet during
pregnancy [98]. Elimination diets are associated with
a lower birth weight, highlighting the risk for adverse
nutritional outcomes for the infant [65]. Maternal egg
avoidance during lactation may reduce the risk of AD
in the young infant [65]. In addition, the Study on the
Prevention of Allergy in Children in Europe (SPACE) pro-
vided preliminary evidence that, compared with controls,
the rate of sensitization to cow’s milk and egg is signifi-
cantly reduced in infants avoiding these foods [99]. It is
currently recommended to delay the introduction of egg
until 12 to 24 months of age, particularly in infants with
a positive family history of atopy [98,100].

References and Recommended Reading
Papers of particular interest, published recently,
have been highlighted as:

2 Of importance

se Of major importance

1. {1ill DJ, Hosking CS, Heine RG: Clinical spectrum of food
allergy in children in Australia and South-East Asia:
identification and targets for treatment. Ann Med 1999,
31:272-281.

2 sterballe M, Hansen TK, Mortz CG, et al.: The prevalence
of food hypersensitivity in an unselected population
of children and adults. Pediatr Allergy Immunol 2005,
16:567-573.

This Danish study provides recent estimates for the prevalence of

common food allergies in three cohorts of children (younger than

3 years, 3 years of age, and older than 3 years), as well as in adults..

3.8 Pereira B, Venter C, Grundy J, et al.: Prevalence of sensi-
tization to food allergens, reported adverse reaction to
foods, food avoidance, and food hypersensitivity among
teenagers. ] Allergy Clin Immunol 2005, 116:884-892.

‘This large study reports the perceived and confirmed rate of food

hypersensitivity in relation to IgL sensitization and challenge in

two cohorts of British adolescents aged 11 and 15 years.

4. Andrews RM, Kempe AE, Sinn KK, Herceg A: Vaccinating

children with a history of serious reactions after vaccina-

tion or of egg allergy. Med J Aust 1998, 168:491-494.

Mosimann B, Stoll B, Francillon C, Pecoud A: Yellow fever

vaccine and egg allergy. ] Allergy Clin Immunol 1995, 95:1064.

wn

6. Wong SS, Yuen KY: Influenza vaccination: options and
issues. Hong Kong Med | 2005, 11:381-390.
7. James JM, Zeiger RS, Lester MR, et al.: Safe administiration

of influenza vaccine to patients with egg allergy. J Pediatr
1998, 133:624-628.

8. REwan PW, Clark AT: IgE mediated food allergy: When is
food challenge needed? Arch Dis Child 2005, 90:555-556.

9. Kondo N, Fukutomi O, Agata H, Yokoyama V: Proliferative
responses of lvmphocytes to food antigens are useful for
detection of allergens in nonimmediate types of food
allergy. | Investig Allergol Clin Imyunol 1997, 7:122-126.

10. Holen E, Elsayed S: Specific T cell lines for ovalbumin,
ovomucoid, lysozyme and two OA synthetic epitopes,
generated from egg allergic patients’ PBMC. Clin Exp
Allergy 1996, 26:1080-1088.

11 Mine Y, Wei ZJ: Identification and fine mapping of igG
and IgE epitopes in ovomucoid. Biochem Biophys Res Com-
mun 2002, 292:1070-1074.

12. Hirose ], Kitabatake N, Kimura A, Narita H: Recognition
of native and/or thermally induced denatured forms
of the major food allergen, ovomucoid, by human IgE
and mouse monoclonal IgG antibodies. Biesci Biotechnol
Biochem 2004, 68:2490-2497.

13.  Holen E, Bolann B, Elsayed 5: Novel B and T cell epitopes
of chicken ovomucoid (Gal d 1) induce T cell secretion
of IL-6, IL-13, and IFN-gamma. Clin Exp Allergy 2001,
31:952-964.

14. Bernhisel-Broadbent J, Dintzis HM, Dintzis RZ, Samp-
son HA: Allergenicity and antigenicity of chicken egg
ovomucoid {Gal d 3) compared with ovalbumin (Gal d
1) in children with egg allergy and in mice. J Allergy Clin
Immunol 1994, 93:1047-1059.

15. Mine Y, Rupa P: Fine mapping and structural analysis of
immunodominant IgE allergenic epitopes in chicken egg
ovalbumin. Protein Eng 2003, 16:747-752.

16. Honma K, Kohno V, Saito X, et al.: Allergenic epitopes
of ovalbumin (OVA) in patients with hen's egg allergy:
inhibition of basophil histamine release by haplenic
ovalbumin peptide. Clin Exp Immunol 1996, 103:446-453.

17. Nisbet AD, Saundry RF, Moir AJ, et al.: The complete
amino-acid sequence of hen ovalbumin. Eur ] Biochem
1981, 115:335-345.

18. Xie H, Huff GR, Huff WE, et al.: Identification of ovotrans-
ferrin as an acute phase protein in chickens. Poult Sci
2002, 81:112-120.

19. Szepfalusi Z, Ebner C, Pandjaitan R, et al.: Egg yolk
alpha-livetin (chicken serum albumin) is a cross-reactive
allergen in the bird-egg syndrome, J Allergy Clin Immunol
1994, 93:932-942.

20. Quirce S, Maranon B, Umpierrez A, et al.: Chicken serum
albumin (Gal d 5*) is a partially heat-labile inhalant
and food allergen implicated in the bird-egg syndrome.
Allergy 2001, 56:754-762.

21. Palm M, Moneret-Vautrin DA, Kanny G, et al.: Food allergy
to egg and soy lecithins. Allergy 1999, 54:1116-1117.

22. MineY, Zhang JW: Comparative studies on antigenicity
and allergenicity of native and denatured egg white
proteins. ] Agric Food Chem 2002, 50:2679-2683.

23.  Yoshino K, Sakai K, Mizuha Y, et al.: Peptic digestibility
of raw and heat-coagulated hen’s egg white proteins at
acidic pH range. Int J Food Sci Nutr 2004, 535:635-640,

24, Suzuki K, Inoue R, Sakaguchi I, et al.: The correlation
between avomucoid-derived peptides, human leucocyte
antigen class II molecules and T cell receptor-complemen-
tarity determining region 3 compositions in patients with
egg-white allergy. Clin Exp Allergy 2002, 32:1223-1230.

25.  Kondo M, Suzuki K, Inoue R, et al.: Characterization of
T-cell clones specific to ovomucoid from patients with
egg-white allergy. J Investig Allergol Clin Immunol 2005,
15:107-111.

26. Kilshaw PJ, Cant AJ: The passage of maternal dietary

proteins into human breast milk. Int Arch Allergy Appl

Immunol 1984, 75:8-15.

Vance GI1, Lewis SA, Grimshaw KT, et al.: Exposure of the

fetus and infant to hens’ egg ovalbumin via the placenta

and breast milk in relation to maternal intake of dietary

egg. Clin Exp Allergy 2005, 35:1318-1326.

The authors provide evidence for the transfer of intact food

allergens in amniotic fluid and breast milk and develop a model of

early sensitization of the infant in utero or via breast milk.

28.  Warner JO: The early life origins of asthma and related
allergic disorders. Arch Dis Child 2004, 89:97-102.

270



The Diagnosis and Management of Egg Allergy Heine et al.

151

29,2 Palmer DJ, Gold MS, Makrides M: Effect of cooked and
raw egg consumption on ovalbumin content of human
milk: a randomized, double-blind, cross-over trial. Clin
Exp Allergy 2005, 35:173-178.

This well-conducted, randomized study provides evidence for a

transfer of intact egg allergens into breast milk and demonstrates

a dose-response relationship for breast milk content of ovalbumin

versus maternal dietary intake of egg.

30. Fukushima Y, Kawata ¥, Onda T, Kitagawa M: Consump-
tion of cow milk and egg by lactating women and the
presence of beta-lactoglobulin and ovalbumin in breast
milk. Am | Clin Nutr 1997, 65:30-35.

31. Hirose ], Ito §, Hirata N, et al.: Occurrence of the major
food allergen, ovomucoid, in human breast milk as an
immune complex. Biosci Biotechnol Biochem 2001, 65:1438~
1440,

32, Vadas P, WaiY, Burks W, Perelinan B: Detection of peanut

allergens in breast milk of lactating women. JAMA 2001,

285:1746-1748.

Vance GH, Grimshaw KE, Briggs R, et al.: Serum oval-

bumin-specific immunoglobulin G responses during

pregnancy reflect maternal intake of dietary egg and
relate to the development of allergy in early infancy. Clin

Exp Allergy 2004, 34:1855-1861.

This study demonstrates that ovalbumin-specific IgG correlates

with maternal egg intake. The authors speculate that transplacental

transfer of egg-specific [gG may modulate fetal immune responses.

34, Morisset M, Moneret-Vautrin DA, Kanny G, et al.: Thresh-

olds of clinical reactivity to milk, egg, peanut and

sesame in immunoglobulin E-dependent allergies: evalu-
ation by double-blind or single-blind placebo-controlled
oral challenges. Clin Exp Allergy 2003, 33:1046~1051.

‘Taylor SL, Hefle SL, Bindslev-Jensen C, et al.: A consensus

protocol for the determination of the threshold doses for

allergenic foods: how much is toe much? Clin Exp Allergy

2004, 34:689-695.

‘This consensus paper outlines the procedure for low-dose food chal-

lenge to determine minimal thresholds doses for food allergens.

36,  Monti G, Muratore MG, Peltran A, et al.: High incidence
of adverse reactions to egg challenge on first known
exposure in young atopic dermatitis children: predictive
value of skin prick test and radicallergosorbent test to
egg proteins. Clin Exp Allergy 2002, 32:1515-1519.

37. Uguz A, Lack G, Pumphrey R, et al.: Allergic reactions
in the community: a questionnaire survey of members
of the anaphylaxis campaign. Clin Exp Allergy 2005,
35:746-750.

38. Kimura M, Obi M: Ovalbumin-induced IL.-4, IL-5 and
IFN-gamma production in infants with atopic dermatitis.
Int Arch Allergy Immunol 2005, 137:134-140.

39. Heine RG, Hill DJ, Hosking CS: Primary prevention of

atopic dermatitis in breast-fed infants: What is the

evidence? J Pediatr 2004, 144:564-567.

Hill D}, Hosking CS: Food allergy and atopic dermatitis

in infancy: an epidemiologic study. Pediatr Allergy Immunel

2004, 15:421-427.

The authors demonstrate a close relationship between AD in

infancy and food allergy. The strength of the association suggests a

causal relationship between AD and food allergy.

41. Leung DY, Boguniewicz M, Howell MD, et al.: New insights

into atopic dermatitis. ] Clin Invest 2004, 113:651-657.

Wang ], Visness CM, Sampson HA: Food allergen sensiti-

zation in inner-city children with asthma. J Allergy Clin

Immunol 2005, 115:1076-1080.

In a study of 504 children with asthma, food sensitization was

common and was a marker of asthma requiring frequent treatment

with corticosteroids or hospitalization.

43, Tariq SM, Matthews SM, Hakim EA, Arshad SH: Egg allergy
in infancy predicts respiratory allergic disease by 4 years
of age. Pediatr Allergy Immunol 2000, 11:162-167.

33.

350

40.0

420

44+  Vance GH, Thornton CA, Bryant TN, et al.: Ovalbumin-

specific immunoglobulin G and subclass responses

through the first 5 years of life in relation to duration of
egg sensitization and the development of asthma. Clin

Exp Allergy 2004, 34:1542-1549.

Elevated ovalbumin-specific IgG levels are associated with asthma

and may be useful as a screening tool for children who are at risk

for asthma.

45.  Rhodes HL, Thomas P, Sporik R, et al.: Barly life risk fac-
tors for adult asthma: a birth cohort study of subjects at
risk. Am J Respir Crit Care Med 2002, 165:176-180.

46.  Escudero C, Quirce §, Fernandez-Nieto M, et al.: Egg white
proteins as inhalant allergens associated with baker's
asthma. Allergy 2003, 58:616-620.

47. Mandallaz MM, de Weck AL, Dahinden CA: Bird-egg
syndrome: cross-reactivity between bird antigens and
egg-yolk livetins in IgE-mediated hypersensitivity. Int
Arch Allergy Appl Immunol 1988, 87:143-150.

48.  de Blay F, Hoyet C, Candolfi F, et al.: Identification of
alpha livetin as a cross reacting allergen in a bird-egg
syndrome, Allergy Proc 1994, 15:77-78.

49. Lake AM: Food-induced eosinophilic proctocolitis.

T Pediatr Gastroenterol Nutr 2000, 30:S58-860.

50. Spergel JM, Beausoleil JL, Mascarenhas M, Liacouras CA:
The use of skin prick tests and patch tests to identify
causative foods in eosinophilic esophagitis. J Allergy Clin
Immunol 2002, 109:363-368.

51. Herman J], Radin R, Schneiderman R: Allergic reactions to
measles [rubeola] vaccine in patients hypersensitive to
egg protein. | Pediatr 1983, 102:196-199.

52. Pool V, Braun MM, Kelsc JM, et al.: Prevalence of anti-
gelatin IgE antibodies in people with anaphylaxis after
measles-mumps rubella vaccine in the United States.
Pedigtrics 2002, 110:e71.

53. Aickin R, Hill D, Kemp A: Measles immunisation in
children with allergy to egg. BMJ 1994, 309:223-225.

54.  Miller RL, Cheng M, DiMango EA, et al.: T-cell responses
and hypersensitivity to influenza and egg antigens
among adults with asthma immunized with the influ-
enza vaccine. J Allergy Clin Immunol 2003, 112:606-608.

55. Bock SA, Sampson HA, Atkins FM, et al.: Double-blind,
placebo-controlled food challenge {(DBPCFC) as an
office procedure: a manual. J Allergy Clin Immunol 1988,
82:986-997.

56.  Niggemann B: Role of aral food challenges in the

diagnostic work-up of food allergy in atopic eczema

dermatitis syndrome. Allergy 2004, 59(Suppi78):32-34.

Perry TT, Matsui EC, Conover-Walker MK, Wood RA:

Risk of oral food challenges. J Allergy Clin Immunol 2004,

114:1164-1108.

This large retrospective study of the safety of food challenges provides

an excellent summary on the severity of adverse reactions to foods.

58. Sampson HA: Food allergy: accurately identifying clinical

reactivity. Allergy 2005, 60{Suppl79):19-24.

Bindslev-fensen C, Ballmer-Weber BK, Bengtsson U, et

al.: Standardization of food challenges in patients with

immediate reactions to foods: position paper from the

European Academy of Allergology and Clinical Immunol-

ogy. Allergy 2004, 59:690-697.

The aim of this useful consensus paper was to standardize the

procedure for food challenges.

60.  Rancé [, Dutau G: Labial food challenge in children with
food allergy. Pediatr Allergy Immunol 1997, 8:41-44,

61. Centers for Disease Control and Prevention (CDC):
Outbreaks of Salmonella serotype enteritidis infec-
tion associated with eating raw or undercooked shell
eggs—United States, 1996-1998. MMWR Morb Mortal
Wkly Rep 2000, 49:73-79.

62. Sampson HA, Ho DG: Relationship between food-specific
IgE concentrations and the risk of positive food chal-
lenges in children and adolescents. J Allergy Clin Immunol
1997, 100:444-451.

57

59.



152 Food Allergy

63.

640

Sampson HA: Utility of food-specific IgE concentrations
in predicting symptomatic food allergy. J Allergy Clin
Immunol 2001, 107:891-896.

Perry’I'l, Matsui EC, Kay Conover-Walker M, Wood RA:
The relationship of allergen-specific IgE levels and oral
food challenge outcome. J Allergy Clin Immunol 2004,
114:144-149,

The authors define cut-off levels for food-specific IgE that are asso-

ciated with a greater than 509% chance of patients tolerating a food.

This finding may be useful with regard to timing of challenges in
patients with IgE-mediated food allergies.

65.

66.0

Dsterballe M, Bindslev-Jensen C: Threshold levels in food
challenge and specific IgE in patients with egg allergy:
Is there a relationship? J Allergy Clin Immunol 2003,
112:196-201.

Celik-Bilgili §, Mehl A, Verstege A, et al.: The predictive
value of specific immunoglobulin E levels in serum for
the outcome of oral food challenges. Clin Exp Allergy
2005, 35:268-273.

This German study provides predictive cut-off levels for food-spe-
cific IgE in predicting a positive food challenge outcome.

67.

68.

69.

70.2

Boyano Martinez T, Garcfa-Ara C, Dfaz-Pena JM, et al.:
Validity of specific IgE antibodies in children with egg
allergy. Clin Exp Allergy 2001, 31:1464-1469.

Hill DJ, Heine RG, Hosking CS: The diagnostic value of
skin prick testing in children with food allergy. Pediatr
Allergy Immunol 2004, 15:435-441.

Sporik R, Hill DJ, Ilosking CS: Specificity of allergen skin
testing in predicting positive open food challenges to
milk, egg and peanut in children. Clin Exp Allergy 2000,
30:1540-1546.

Verstege A, Mehl A, Rolinck-Werninghaus C, et al.: The
predictive value of the skin prick test weal size for the
outcome of oral food challenges. Clin Exp Allergy 2005,
35:1220-1226.

This study defines SPT wheal diameters that predict a positive
food challenge.

71.

72.

73.

74.

75.

76.e

Perackis K, Staden 11, Meh! A, Niggemann B: Skin prick
test with hen’s egg: Whole egg or egg white? Allergy 2004,
59:1236-1237.

Isclauri E, Turjanmaa K: Combined skin prick and patch
testing enhances identification of food allergy in infants
with atopic dermatitis. | Allergy Clin Immunol 1996,
97:9-15,

Niggemann B: Evolving role of the atopy patch test in the
diagnosis of food allergy. Curr Opin Allergy Clin Immunol
2002, 2:253-256.

Niggemann B, Reibel S, Roehr CC, et al.: Predictors of
positive food challenge outcome in non-IgE-mediated
reactions to food in children with atopic dermatitis.

I Allergy Clin Immunol 2001, 108:1053-1058.

Giusti ¥, Seidenari S: Patch testing with egg represents a
useful integration to diagnosis of egg allergy in children
with atopic dermatitis. Pediatr Dermatol 2005, 22:109-111.
de Boissieu D, Waguet JC, Dupont C: The atopy patch
tests for detection of cow's milk allergy with digestive
symptoms. ] Pediatr 2003, 142:203-205.

This study provides preliminary evidence that APT may be a useful
diagnostic test in infants with gastrointestinal manifestations of
cow's milk allergy.

77

78.

79.

Niggemann B, Ziegert M, Reibel S: Importance of chamber
size for the outcome of atopy patch testing in children
with atopic dermatitis and food allergy. J Allergy Clin
Immunol 2002, 110:515-516.

@sterballe M, Andersen KE, Bindslev-Jensen C: The
diagnostic accuracy of the atopy patch test in diagnos-
ing hypersensitivity to cow’s mitk and hen’s egg in
unselected children with and without atopic dermatitis.
J Am Acad Dermatol 2004, 51:556-562.

Roehr CC, Reibel S, Ziegert M, et al.: Atopy patch tests,
together with determination of specific IgE levels, reduce
the need for oral food challenges in children with atopic
dermatitis. J Allergy Clin Immunol 2001, 107:548~553.

80.

81.

82,

83.

84,

85.

86.

87.

88.

89.

90.

91.

92.

93.

24,

95.

96.2

Mofidi 8: Nutritional management of pediatric food
hypersensitivity. Pediatrics 2003, 111:1645-1653.

Isolauri E, Siitas Y, Salo MK, et al.: Elimination diet in
cow’s milk allergy: risk for impaired growth in young
children. ] Pediatr 1998, 132:1004-1009.

Kramer MS: Maternal antigen avoidance during preg-
nancy for preventing atopic disease in infants of women
at high risk. Cochrane Database Syst Rev 2003, 2:CD000133.
Hill D}, Roy N, Heine RG, et al.: Effect of a low-allergen
maternal diet on colic among breastfed infants: a ran-
domized, controlled trial. Pediatrics 2005, 116:709-¢715.
Sampson HA, Mufioz-Furlong A, Bock SA, et al.: Sympo-
sium on the definition and management of anaphylaxis:
summary report. J Allergy Clin Immunol 2005, 115:584-591.
Kemp AS: EpiPen epidemic: suggestions for rational
prescribing in childhood food allergy. J Paediair Child
Health 2003, 39:372-375.

Kim JS§, Sinacore JM, Pongracic JA: Parental use of EpiPen
for children with food allergies. J Allergy Clin Immunol
2005, 116:164-168.

Sampson HA, Mendelson 1., Rosen JP: Fatal and near-fatal
anaphylactic reactions to food in children and adoles-
cents. N Engl ] Med 1992, 327:380-384.

Clark S, Camargo CA Jr: Emergency management of

food allergy: systems perspective. Curr Opin Allergy Clin
Immunol 2005, 5:293-298.

MciIntyre CL, Sheetz AH, Carroll CR, Young MC: Administra-
tion of epinephrine for life-threatening allergic reactions
in school settings. Pediairics 2005, 116:1134-1140.

Song TT, Nelson MR, ChangJH, et al.: Adequacy of the
epinephrine autoinjector needle length in delivering
epinephrine to the intramuscular tissues. Ann Allergy
Asthma I'mmunol 2005, 946:539-542.

Wood RA: The natural history of food allergy. Pediatrics
2003, 111:1631-1637.

Ford RP, Taylor B: Natural history of egg hypersensitivity.
Arch Dis Child 1982, 57:649-652.

Rolinck-Werninghaus €, Staden U, Mehl A, et al.: Specific
oral tolerance induction with food in children: tran-
sient or persistent effect on food allergy? Allergy 2005,
60:1320-1322.

Boyano-Martinez T, Garcia-Ara C, Dfaz-Pena JM, Mar-
tin-Esteban M: Prediction of tolerance on the basis of
quantification of egg white-specific IgE antibodies in
children with egg allergy. J Allergy Clin Immunol 2002,
110:304-309.

Thong BY, Hourihane JO: Monitoring of IgE-mediated food
allergy in childhood. Acta Paediatr 2004, 93:759-764.

Shek LD, Stderstrém L, Ahlstedt S, et al.: Determination of
food specific IgE levels over time can predict the develop-
ment of tolerance in cow’s milk and hen’s egg allergy.

J Allergy Clin Immunol 2004, 114:387-391.

This study demonstrates that the rate of decline of specific IgE
levels may be of prognostic value in predicting tolerance in cow’s
milk and egg-allergic patients.

97.

98.

99.

100.

Niggemann B, Celik-Bilgili §, Ziegert M, et al.: Specific
IgE levels do not indicate persistence or transience of
food allergy in children with atopic dermatitis. J Investig
Allergol Clin Immunol 2004, 4:98-103.

Zeiger RS: Food allergen avoidance in the prevention

of food allergy in infants and children. Pediatrics 2003,
111:1662-1671. .
Halmerbauer G, Gartner C, Schierl M, et al.: Study on the
Prevention of Allergy in Children in Europe [SPACE]:
allergic sensitization at 1 year of age in a controlled trial
of allergen avoidance from birth. Pediatr Allergy Immunol
2003, 14:10-17.

Prescott 8L, Tang ML: The Australian Society of Clinical
Immunology and Allergy position statement: sum-
mary of allergy prevention in children. Med J Aust 2005,
182:464-467.



