IgE Food Sensitization in Infants with Eczema Attending a
Dermatology Department

DavD ). Hi,, FRACP, Ralr G. Heing, MD, FRACP, Curr S. HoskinG, FRACP, JenNiFer BRowN, SRN, LEONE THIELE, SRN,
KATRINA J. ALLEN, PHD, FRACP, Jorn Su, FRACP, Georce VARIGOs, FRACP, AND JoHN B. CARLIN, PHD

Objectives Because community-based studies, which report IgE food sensitization (IgE-FS) in more than 80% of infants
with moderate atopic eczema, may be influenced by referral bias, we assessed the prevalence of ISE-FS in a cohort of infants
with moderate atopic eczema attending a dermatology department clinic.

Study design Consecutive infants (n = 51, 39 males; median age, 34 weeks; range, 20 to 51 weeks) with moderate atopic
eczema referred to a university-affiliated dermatology department were studied prospectively. Clinical history and eczema
severity were documented. ISE-FS was assessed by the skin prick test (SPT; n = 51) and food-specific serum IgE antibodies
(CAP-FEIA test; n = 41). ISE-FS was diagnosed if the SPT or CAP-FEIA level exceeded the >95% predictive reference cutoff
for positive food challenges.

Results Based on SPT, 44 of 51 infants (86%; 95% confidence interval [CI] = 74% to 94%) had ISE-FS (cow’s milk, 16%; egg,
73%; peanut, 51%). Using age-specific 95%-predictive cutoff values, CAP-FEIA identified 34 of 41 infants (83%; 95% CI = 68%
to 93%) with ISE-FS (cow’s milk, 23%; egg, 80%). Forty-six (90%) infants had ISE-FS to at least 1 food item by either SPT or
CAP-FEIA.

Conclusions Atopic eczema was found to be closely associated with ISE-FS in infants attending a dermatology department.

(J Pediatr 2007 ;xx:xxx)

nfantile atopic eczema is a chronic, relapsing, and pruritic inflammatory disease of the skin frequently associated with allergic

sensitization, elevated serum IgE levels, and a family history of atopic disease.! Atopic eczema affects 28% of Australian

infants.? In the general community, 9.4% of Australian infants have atopic eczema of
moderate severity, requiring at least 6 weeks of topical steroid treatment during the first 12
months of life.? This prevalence is similar to that found in European and British studies.>®
The impact of atopic eczema on families and the cost of treatment are greater than for juvenile
diabetes mellitus.”

In infants with atopic eczema, the risk of developing high levels of IgE food
sensitization (IgE-FS) associated with IgE-mediated food allergy (IgE-FA) is increased
5.9-fold compared with control subjects.8 More than 80% of infants age 3 to 9 months
with moderate to severe atopic eczema referred to our Allergy Department had evidence
of IgE-FS to cow’s milk, egg, and/or peanut.8 The strength of this association was
increased with increasing severity of atopic eczema.” However, in these studies,>® our
patients had been referred from family physicians or pediatricians to our Allergy Depart-
ment, raising the possibility the results were biased toward children with food allergy.
Despite these findings and an earlier report from a university-affiliated dermatology clinic
demonstrating IgE-FA in about 1/3 of young children with atopic eczema,’ the relation-
ship between IgE-FA and atopic eczema remains controversial.1%11

In the present study, we investigated consecutive infants with atopic eczema of
moderate severity referred to a dermatology clinic. We tested the hypothesis that there was
no association between atopic eczema and IgE-FS in such infants. We also compared the
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diagnostic agreement of in vivo and in vitro methods in
identifying IgE-FS in eczematous infants.

METHODS

Consecutive infants age 6 to 12 months with moder-
ately severe atopic eczema who were referred to the derma-
tology clinic from community-based family physicians and
pediatricians were studied prospectively. The infants were
assessed by a consultant dermatologist in the dermatology
department at a university-affiliated pediatric teaching hospi-
tal, and a topical treatment program was initiated. All of the
infants were investigated in our Allergy Department for fea-
tures of IgE-FS to cow’s milk, egg, and peanut within 2 weeks
of the clinical assessment by the dermatologist. Demographic
data, a detailed history, and clinical findings were entered into
a database. Eczema severity was scored by trained senior
allergy research nurses, who also performed skin prick tests
(SPTs) with extracts of cow’s milk, egg, and peanut (Dome-
Hollister-Stier, Spokane, WA), histamine 1%, and a diluent
solution (negative control).'> New batches of extract were
validated for comparable biological potency for SPT reactivity
against previous batches. SPT's were performed on the infant’s
back and scored 15 minutes after application.'? Serum IgE
antibodies to cow’s milk, egg, and peanut were measured by
the CAP System FEIA test (CAP-FEIA; Pharmacia, Upp-
sala, Sweden) on the day of the SPTs.

Our previous community-based study found a strong
association between atopic eczema and IgE-FS.? Therefore,
this study was conducted in the dermatology department as a
prospective audit of current clinical practice, and Human
Ethics Research Committee approval was not required.

Assessment of Eczema Severity

The Eczema Severity Score (ESS) was developed in our
Allergy Department for the rapid assessment of atopic eczema
severity in infants. The ESS is similar to the Six-Area, Six-
Sign Atopic Dermatitis scoring system of Berth-Jones' and
is based on modifications of the SCORAD Index'* and the
Three-Item Severity Score.’® The ESS scores skin findings
for dryness, erythema, and excoriation (absent = 0, mild = 1,
moderate = 2, and severe = 3). Six skin areas are assessed:
face, arms, hands, legs, feet, and trunk. The maximum ESS
score is 54 (0 to 18 = mild, 19 to 36 = moderate, 37 to 54 =

severe).

Diagnosis of IgE-FS

IgE-FS was diagnosed if the SPT wheal diameter ex-
ceeded the 95% positive predictive value (PPV) for a positive
food challenge defined by our previous studies.’®® These
cutoff values in children under age 2 years were =6 mm for
cow’s milk, =5 mm for egg, and =4 mm for peanu’t.16

Two additional predictive reference decision points for
the diagnosis of IgE-FS by CAP-FEIA were available based
on levels associated with challenge-proven food allergy in 2
other international centers experienced in the investigation of
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Figure I. SPT wheal diameters in 51 infants with atopic eczema. The
horizontal bars indicate the age-specific 95% PPV reference cutoff levels
for IgE-FS to cow’s milk (A; = 6 mm), egg (B; = 5 mm), and peanut
(C; = 4 mm) for children under age 2 years.’®

young children with food allergies. The first of these was
based on the 95% PPV for IgE-FA in children under age 2
years; IgE-FS was diagnosed if the CAP-FEIA antibody level
exceeded 5 kU,/L (95% PPV) for cow’s milk!” and 0.35
kU,/L (94% PPV) for egg.'® No published age-specific data
for peanut allergy in this age group are available. Thus, the
second decision point for diagnosing IgE-FS was based on
the reference 95% PPV for IgE-FA for older children (mean
age, 3.8 years); 95% PPV cutoff levels in that population were
15 kU 5/L for cow’s milk, 7 kU ,/L for egg, and 14 kU /L for
peanut.19

Statistical Analysis

Based on the estimate that 30% of infants with atopic
eczema attending the dermatology department would have
IgE-FS, a sample size of 81 was required to test the null
hypothesis.” A 2-sided 95% confidence interval (CI) for this
estimated prevalence would extend = 0.1 (10%) from the
observed value. However, the prevalence observed in the first
51 patients greatly exceeded 30%, and after an interim anal-
ysis, it was deemed unnecessary to recruit additional patients
into the study. Group data are presented as median and range.
Agreement between diagnostic tests for IgE-FS (SPT and
CAP-FEIA) was assessed by the paired McNemar test. Sta-
tistical significance was accepted for P < .05.

RESULTS

Consecutively referred infants (n = 51, 39 [76%)] males;
median age, 34 weeks; range, 20 to 51 weeks) with moderately
severe atopic eczema as assessed by a dermatologist were
studied. The mean age of onset was 12 weeks (range, 2 to 40
weeks). All infants underwent SPT to cow’s milk, egg, and
peanut. Using the SPT criteria for IgE-FS in children under
age 2 years,'® 44 infants (86%; 95% CI = 74% to 94%) had
IgE-FS to at least 1 food: 8 (16%) to cow’s milk, 37 (73%) to
egg, and 26 (51%) to peanut (Figure 1). Of the 44 infants
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Figure 2. Food-specific serum IgE antibody levels in 41 children with
atopic eczema. The horizontal bars indicate the age-specific (under 2
years) predictive reference cutoff CAP-FEIA levels for IgE-FS to cow’s
milk (A; = 5 kU,/L) 17 and egg (B; = 0.35 kU,/L) 18 and non—age-
specific cutoff level to peanut (C; = 14 kU,/L)."’

with IgE-FS identified by SPT, 22 were sensitized to more
than 1 food item.

Food-specific serum IgE levels were available for 41
infants. Based on age-specific reference cutoff levels for chil-
dren under age 2 years, 34 infants (83%) exhibited evidence of
IgE-FS to cow’s milk and/or egg; 9 of 39 (23%) were allergic
to cow’s milk, and 33 of 41 (80%) were allergic to egg (Figure
2). Applying the cutoff levels for older children to our cohort
of infants, only 19 of 41 infants (46%) were identified as
having IgE-FS; these included 6 of 39 infants (15%) with
IgE-FS to cow’s milk, 15 of 41 (37%) with IgE-FS to egg,
and 10 of 41 (24%) with IgE-FS to peanut.

A total of 46 infants (90%) had IgE-FS to at least 1
food item by either SPT or CAP-FEIA. Agreement in iden-
tifying patients with or without IgE-FS between age-specific
SPT and CAP-FEIA cutoff levels was assessed by the paired
McNemar test (Table). Close diagnostic agreement was
found for IgE-FS to cow’s milk (P = .625) and egg (P =
.375) when using the age-specific decision points for infants
and young children under age 2 years.”’18 However, when
using the predictive cutoff levels for cow’s milk, egg, and
peanut for older children, there was significant discordance
between the tests for egg and peanut (paired McNemar test;
egg, P = .0003; peanut, P = .002; Table).

Breast-feeding was initiated in 48 (94%) of infants, of
whom 31 (61%) were breast-fed exclusively (with no intake of
solids or supplemental formula) at the onset of atopic eczema.
The mothers of these infants were on unrestricted diets. Of
these 48 infants, 29 (57%) were breast-fed exclusively for
more than 4 months; 25 of these 29 infants developed atopic
eczema before age 4 months. Three infants were formula-fed
from birth.

Based on SPT, 71 instances of IgE-FS to individual
foods were demonstrated in the 51 patients. In 60 of these
instances, although the infants exhibited evidence of IgE-FS
by SPT, they had never knowingly been fed the particular

food item. Of the 37 infants with IgE-FS to egg, only 8 had
previously ingested egg; 7 of these infants reportedly had
clinical allergic reactions on first known exposure (urticaria in
2, eczema flare in 3, and vomiting in 2). In the remaining
infant with severe atopic eczema and IgE-FS to egg by SPT,
the parents observed no immediate adverse effect after the
infant ingested cooked egg in custard; the eczema cleared on
an egg-free diet. None of the remaining 29 infants with an
IgE-FS to egg by SPT had previously ingested egg. Twenty-
five of the 26 patients with IgE-FS by SPT to peanut were
breast-fed and had not previously ingested peanut-containing
products. The remaining child developed urticaria after his
first known ingestion of peanut butter before undergoing
SPT. One child with IgE-FS to cow’s milk on SPT had
developed urticaria on the first ingestion of cow’s milk for-
mula before SPT.

The median ESS at the time of initial assessment in our
Allergy Department, within 2 weeks of initial diagnosis and
management, was 16 (range, 0 to 48). ESS scores did not
correlate with the total serum IgE (r = .282; P = .112) or the
CAP-FEIA levels (cow’s milk: » = .259, P = 0.121; egg: r =
074, P = .656; peanut: r = .119, P = .470). In addition,
there was no association between the severity of atopic eczema
(by ESS) and the number of foods with an SPT above the
predictive cutoff for IgE-FA (analysis of variance; F = 1.41,
P = .252).

DISCUSSION

More than 80% of our cohort of infants with moder-
ately severe atopic eczema referred to the dermatology depart-
ment exhibited evidence of IgE-FS. Previous investigations
by ourselves and others associated these levels of IgE-FS with
positive food challenges, that is, IgE-FA based on the age-
specific 95%-predictive cutoff levels for SPT wheal diameter®®
and/or CAP-FEIA antibody levels.'”'® However, because
our protocol did not require formal food challenges, and
because the level of IgE-FS associated with IgE-FA may vary
according to the food challenge protocol,20 we have desig-
nated these infants as having IgE-FS rather than IgE-FA.
These findings are in keeping with our previous observations
of a high incidence of IgE-FS in infants with atopic eczema
referred to our Allergy Department8 and in our community-
based studies.? A study of dermatology department-referred
older children with atopic eczema (mean age, 3.8 years) found
evidence of IgE-FA in 37% of the patients using both 95%
PPV CAP-FEIA and double-blind, placebo-controlled food
challenge methods.” The age difference between children in
that study and our studies could explain the lower rate of food
allergy in the study of older children, because IgE-FA fre-
quently remits as the level of IgE-FS declines in the first years
of life.! Differences in eczema severity are another possible
reason for the differing ﬁndings.2

The use of the 95% predictive SPT wheal diameter or
CAP-FEIA decision points to diagnose IgE-FA has signifi-
cantly reduced the need for diagnostic food cha]lengesg’lé’19’24 in
centers where these levels have been validated. All of the
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Table. Frequency of IgE-FS as diagnosed by age-specific and -nonspecific diagnostic decision points for SPT

and CAP-FEIA

Diagnostic agreement

SPT CAP-FEIA 95% PPV CAP-FEIA cutoff (paired McNemar test)
Cow’s milk 8/51 (16%) 9/39 (23%) 5 kUA/L* P = .625
7139 (17%) 15 kU /LT P=.99
Egg 37/51 (73%) 33/41 (80%) 0.35 kU /L* P = .375
15/41 (37%) 7 kU /Lt P = .0003
Peanut 26/51 (51%) 10/41 (24%)** 14 kU /LT P = .002

17,18

*Age-specific 94% to 95% PPV in infants and young children under age 2 years.
+=95% PPV in children and adolescents (mean age, 3.8 years).'?

infants in this study whose parents reported unequivocal clin-
ical reactions had SPT levels above the 95% PPV for IgE-FA.
One 8-month-old patient with severe atopic eczema who had
IgE-FS by SPT ingested egg cooked in custard without
obvious adverse effects. His apparent tolerance to cooked egg
may have reflected sensitization to a heat-labile fraction of
egg,25 suppression of an urticarial reaction to egg seen in
severe atopic eczema,® or the statistical reality that 5% of
cases with SPT >95% PPV for food allergy do not react on
food challenge. This infant’s eczema cleared and remained in
remission at age 2 years on an egg-free low—allergen diet. (He
was hospitalized at that age with anaphylaxis after accidental
ingestion of a cashew).

In this investigation, we may have underestimated the
frequency of IgE-FS in atopic eczema, because we studied
only 3 major food allergens, and thus IgE-FS to other foods
would have been missed.?® In addition, about 10% of infants
and children with atopic eczema have a food allergy mediated
by non-IgE-mediated mechanisms.?®

More than 60% of the infants in this study had IgE-FS,
confirmed by invitro and/or in vivo methods, without having
ingested the foods directly. In another 18%, acute allergic
reactions on their first overt exposure to milk, egg, and peanut
were reported. These findings suggest that IgE-FS may have
been acquired either transplacentally or through breast milk.”
Dietary antigens from cow’s milk, egg, wheat, and peanut
have been detected in breast milk within 2 to 6 hours of
maternal ingestion.z&29 Infants with atopic eczema and cow’s
milk allergy who breast-feed within several hours of maternal
ingestion of cow’s milk may develop eczematous flares.>®

Although epidemiologic studies suggest that breast-
feeding of more than 4 months’ duration may be protective of
atopic eczema,> 132 half of our patients were breast-fed exclu-
sively for more than 4 months but nonetheless developed
eczema during this period, when their mothers had an unre-
stricted diet. Breast-feeding may predispose to IgE sensitiza-
tion to cow’s milk and other food proteins through prolonged
low-dose antigen exposure in susceptible individuals, partic-
ularly in mothers with low breast milk concentrations of IgA
and transforming growth factor—B.**> This susceptibility to
atopic eczema in childhood also may be linked to several
genetic polymorphisms, including those within the PHFI11
gene at chromosome 13q14.34
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Previous immunopathological models have defined a
range of immune mechanisms in atopic eczema.>® In children
with atopic eczema, positive food challenges cause rapid in-
creases in mast cell-derived plasma histamine concentrations,
activation of eosinophils, and release of eosinophil-derived
factors.>® Activation of circulating T lymphocytes expressing
cutaneous lymphocyte antigen has been demonstrated in chil-
dren with atopic eczema and IgE-FA to cow’s milk,>” and
peanut-derived epitopes have been found on T lymphocytes
from skin biopsy specimens of an infant with atopic eczema.
These findings are in keeping with a murine model that
induces eczema-like lesions in 1/3 of sensitized mice after
low-dose ingestion of small amounts of cow’s milk and peanut
allergens.*® In addition, clinical studies have demonstrated
exacerbation of eczema during double-blind, placebo-con-
trolled food challenges* with the allergen and remission after
exclusion of the allergen. Although a benefit of a maternal
low-allergen diet by breast-feeding mothers in reducing the
prevalence of eczema in their infants has been described,**?
the role of food allergy in eczema remains controversial.1%11

Our findings suggest that infants with atopic eczema of
moderate severity referred to a dermatology department are
likely to be IgE-sensitized to common foods. Based on the
results of this study, we suggest that routine screening for
IgE-FS and food allergies be included in the investigation of
infants with moderate atopic eczema presenting at age 6 to 12
months. In view of the community prevalence of moderate
atopic eczema of about 10%,>*¢ adequate allergy resources
are required to optimally manage these infants. Further large-
scale food challenge studies are now required to validate our
previous findings linking these high levels of IgE antibodies
to common foods with clinically significant positive food
challenges. Future studies need to assess the role of dietary
modification on clinical outcome in infants with eczema.
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