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Atopic dermatitis (AD) is a chronically relapsing skin dis-
order that is associated with severe pruritus and a ‘clas-
sic’ distribution. Symptoms present in the first year of
life in about 50% of patients, and in 80% by 5 years.
Depending on a patient’s age, the distribution of lesions
will vary. The cheeks and extensor surfaces of the arms
and legs are typically affected in infants (Fig. 1), the flex-
or surfaces of the arms and legs in the young child (Fig.
2), and the flexor surfaces, hands, and feet in the
teenage patient and young adult. Lesions are erythema-
tous, papulovesicular eruptions, which are sometimes
associated with weeping and crusting in early life, and
progress to a scaly lichenified eruption with age. 
Most patients have a significant elevation in total
serum IgE as well as environmental and food-specific
IgE antibody concentrations.1 A large number of cell
types are involved in the pathogenesis of AD, including
B cells, T cells, monocytes, macrophages, dendritic
cells, eosinophils, platelets, and Langerhans cells.2-4 The
importance of IgE-mediated mechanisms in AD has
been debated since the first comprehensive descrip-
tion of this disorder made by Besnier in 1892.5 He
observed the hereditary nature, chronically relapsing

course, and association of eczematous rash with asth-
ma and hay fever. Since that time, certain observations
have supported the idea that IgE-mediated mecha-
nisms play a significant role in AD. Other atopic disor-
ders such as allergic rhinitis and asthma develop in
50-80% of children with AD,6,7 a positive family history
of atopy is present in 65-85% of patients with AD,8

serum IgE levels are elevated in 80-90% of AD chil-
dren,9 and positive skin-prick tests and RASTs to vari-
ous dietary and environmental allergens are found in
approximately 80% of children with AD.10,11 Recognised
triggers of AD are indicated in Fig. 3. 
There is a close relationship between AD and food aller-
gy. Both disorders are mainly problems of early life with
similar peak age prevalence (Fig. 4). AD is also regard-
ed as the first and probably the commonest clinical
manifestation of food allergy.

EVIDENCE FOR IgE-MEDIATED CUTANEOUS

RESPONSE IN ATOPIC DERMATITIS

The clinical and histological phenotype of AD depends
on the acuity of the skin lesions. Examination of skin
biopsy specimens have revealed the typical histological
features of both acute and chronic AD. However, even
skin of AD patients that appears clinically normal is his-
tologically abnormal with mild hyperkeratosis and a
slight perivascular cellular infiltrate consisting primarily
of T cells. Acute AD lesions are marked by spongiosis of

Fig. 1. Atopic dermatits (infant).
Fig. 3. Triggers in atopic dermatitis.

Fig. 4. Relative prevalence of allergic disorders.

Fig. 2. Atopic dermatits (older child).
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the epidermis and a marked perivenular infiltrate con-
sisting predominantly of lymphocytes with occasional
monocytes in the dermis. Lymphocytes are primarily
CD4+, CD45RO+, CLA+ lymphocytes, suggesting that
cells have had a previous encounter with an inciting
antigen. Mast cell numbers are normal or slightly
increased and rarely eosinophils may be seen, although
immunohistochemical staining with antibodies has
revealed diffuse deposition of antibodies to major basic
protein (MBP), an activated eosinophil product.12 In
chronic lesions, the epidermis is hyperplastic with elon-
gation of the rete pegs and hyperkeratosis, increased
numbers of IgE-bearing Langerhans cells (antigen-pre-
senting cells) in the epidermis and dermis, increased
numbers of mast cells, especially of the T-type,13 and
increased numbers of eosinophils. Eosinophil MBP,
eosinophil cationic protein, and eosinophil-derived neu-
rotoxin are elevated in the sera of AD patients and cor-
relate with disease severity.14

In situ hybridisation studies suggest that the acute
lesion of AD is the result of a T-helper (TH)2-induced
(allergic) inflammatory response, whereas the chronic
lesion is the result of a TH1/TH2 (‘mixed’) response.
Although various disease states may have a combina-
tion of cytokine profiles, interleukin (IL)-4, IL-5, and IL-
13 are classically considered TH2 cytokines, whereas
IL-2, IL-12, and interferon-gamma (IFN-γ) are TH1
cytokines.  Compared with the skin of healthy controls,
normal-appearing skin of AD patients has increased
numbers of cells expressing IL-4 and IL-13 mRNA, but
not IL-5, IL-12, or IFN-γ. Eosinophils as well as MBP15

have been detected in biopsy specimens of acute AD
lesions, and the cytokine mileu as described above is
likely to play a role in their recruitment to this area.
Chronic AD skin lesions have fewer IL-4 and IL-13
mRNA-expressing cells but increased numbers of IL-5,
IL-12-, GM-CSF-, and IFN-γ-expressing cells than in the
acute skin lesions. It is felt that the expression of IL-12
by eosinophils or macrophages plays a key role in the
switch to TH1 cells, which are prominent in chronic
AD.16 Many of the histological features of chronic AD
described are consistent with the terminal stages of
allergen-induced IgE-mediated hypersensitivity reac-
tions.17 The elevated numbers of IgE-bearing mast cells
and Langerhans cells within these lesions further sug-
gest atopic mechanisms.18,19 Typical cytokine profiles in
acute and chronic phases of AD are listed in Table I.

A recent study utilising a murine model of AD induced
by cutaneous sensitisation with ovalbumin examined
the consequences of IL-4, IL-5 or IFN-γ knockout.20

These investigators showed that IL-5 knockout mice
had no detectable eosinophils in the skin and exhibited
decreased epidermal and dermal thickening. IL-4
knockouts displayed normal thickening of the skin but
had drastically reduced numbers of eosinophils, and
IFN-γ knockouts had reduced dermal thickening. The
systemic TH2-skewing in patients with AD is support-
ed by the propensity of the patient’s peripheral blood
mononuclear cells to produce increased levels of IL-4,
IL-5, and IL-13 and decreased levels of IFN-γ in
response to various allergens and mitogens in vitro.21-23

EVIDENCE FOR ROLE OF FOOD HYPER-

SENSITIVITY IN CHILDREN WITH AD

Children with AD and food hypersensitivity who follow
diets strictly eliminating suspected food allergens have
shown significant improvement in their skin symp-
toms.  Figs 5 and 6 demonstrate the dramatic improve-
ment of AD in a child with cow’s milk allergy following
a dairy-free diet for 7 days. Conversely AD and food
allergy sufferers who have been eliminating certain

food allergens have been shown to develop worsening
of their condition after blinded oral food challenges.

Food challenges

In 1936, Engman et al.24 performed a provocation study
in a child with AD and wheat allergy. Within 2 hours of
being challenged with two wheat crackers, the child
complained of itching and began scratching. The fol-

Table I. Cytokine profiles in atopic dermatitis

Increased Not increased

Acute AD lesions (TH2) IL-4 IFN-γ
IL-13

Chronic AD lesions IL-5 IL-4

(TH1/TH2) IL-12 IL-13

GM-CSF

IFN-γ

Fig. 6. After dairy-free diet.

Fig. 5. Before dairy-free diet.



lowing morning he had typical eczematous lesions,
except under the areas where bandages had been
placed on his left arm and leg in order to prevent
scratching. Patients with similar findings have been
described in several other case reports.
Food hypersensitivity has been shown to cause wors-
ening of skin symptoms in 33-40% of children with
moderate to severe disease. In 1988, Burks et al.25 stud-
ied 46 patients with mild to severe AD who were eval-
uated in allergy/dermatology clinics. Thirty-three per
cent of patients had positive double-blind, placebo-con-
trolled food challenges (DBPCFC) to at least one food,
with the onset of symptoms occurring within 2 hours in
all patients. Skin symptoms were present in 96% of
positive challenges and were the sole symptom in
30%. In 1998, Eigenmann et al.26 found a similar preva-
lence of 35-40% among children with moderate to
severe AD referred to a dermatologist. Most recently,
Eigenmann et al.27 reported that out of 74 Swiss chil-
dren referred to an allergist or dermatologist for AD,
34% had food hypersensitivity.
Several studies by Sampson and colleagues have
addressed the aetiological role of IgE-mediated food
hypersensitivity in AD.10,28,29 Using predominantly
DBPCFCs (at times single-blind and open challenges
have been performed as well), they evaluated 578
patients with AD for food hypersensitivity. Subjects
ranged in age from 3 months to 25 years, with a medi-
an age of 3.4 years. Over 20 years they conducted
2 907 diagnostic food challenges in 578 children.
Challenges were not performed in patients who had
experienced major anaphylactic reactions to food. Of
the 2 907 challenges performed, 1 348 had positive
results and 1 559 were interpreted as negative. Intense
pruritus and scratching frequently resulted in superficial
excoriations and occasionally bleeding. Gastrointestinal
and/or respiratory symptoms were present in close to
50% of the reactors in a subset of these patients.
Virtually all symptoms developing during the blinded
food challenges occurred between 5 minutes and 2
hours of initiating the challenge. Symptoms associated
with the immediate response were generally abrupt in
onset, beginning with marked pruritus, followed by the
development of an erythematous, macular eruption that
lasted 1-2 hours.  Several patients experienced a recur-
rence of symptoms that consisted of increased pruritus
and a transient morbilliform eruption 6-10 hours after
the initial positive challenge. Symptoms associated with
the later response were less pronounced than the
immediate symptoms and tended to last for several
hours. Less than 1% of the placebo challenges were
interpreted as positive, i.e. false-positive.  To confirm
negative food challenges, all patients were fed the food
openly in a meal form under observation prior to dis-
charge.  Less than 3% of food challenges concluded to
be negative were found to be false-negatives. Although
many reports have suggested that children with AD are
sensitive to a large number of foods, analysis of data
from a subset of these patients revealed that most
patients (80%) developed symptoms to only 1-3 foods
by DBPCFC.  Most children in this subset of patients
had positive skin-prick tests to several foods, although
only about one-third of positive skin tests correlated
with positive food challenges. Five foods (egg, peanut,
milk, wheat, and soya) accounted for approximately 60%
of the positive clinical responses. 
In a second study Sampson et al. compared patterns of
food hypersensitivity in children with AD in two differ-
ent decades (unpublished data). They found that the
major food allergens (milk, egg, wheat, soya peanut, tree
nut, and seafood) accounted for 87% of positive food
challenges in the one year between 1988 and 1989 and
91% of positive food challenges in the period between

1998 and 1999. In an earlier study by Burks,25 all posi-
tive challenges were accounted for by seven foods -
peanut, egg, milk, wheat, fish, soya and chicken.
Eigenmann et al.27 recently found that egg, milk, and
peanuts were most frequently responsible for positive
food challenges in 74 Swiss children with AD.

Elimination diets

Several studies have reported improvement in AD after
patients were placed on food-exclusion diets. Juto et
al.30 reported that out of 20 infants with eczema who
followed a highly restricted elimination diet, 7 had com-
plete resolution and 12 had at least some improve-
ment. Open challenges to cow’s milk reportedly
resulted in increased pruritus and rash in 12 of 20
infants. Atherton et al.31 reported that two thirds of chil-
dren with AD between 2 and 8 years of age showed
marked improvement of skin during a double-blind
crossover trial of egg and milk exclusion that was con-
ducted over a 12-week period in the patients’ homes.
The results of this study could only be considered in
the context of several confounders (high dropout/exclu-
sion rate, failure to control for other trigger factors for
AD). Neild et al.32 demonstrated improvement in an
older group of patients during a milk and egg exclusion
phase, but overall no statistically significant difference
was seen in patients completing a crossover trial.
Businco et al.33 found that dietary exclusion of milk
and/or egg from the diets of children with severe AD
resulted in clinical improvement in 80% of cases.
Younger children were more likely to have a good
response to the elimination diet. Other factors, such as
the severity of eczema, family history of atopy, and
total and/or specific IgE levels, were not predictive of
clinical response. Hill and Lynch34 treated 8 children
with severe AD with Vivonex followed by the addition
of two vegetables and two fruits for 3 months. All
patients experienced marked improvement in their
eczematous rash while maintaining the diet, but
relapsed within weeks of discontinuing it.
In a more recent prospective, randomised controlled
dietary trial, Lever et al.35 initiated a trial of egg exclu-
sion in children with suspected egg hypersensitivity
(based upon clinical history and/or RAST results) who
presented to a dermatology clinic for evaluation of AD.
After undergoing a ‘washout’ period of optimised skin
care children were randomised to one of two groups: a
dietary group, which was instructed on the mainte-
nance of strict egg exclusion from the diet and general
skin care, or a control group, where only general skin
care recommendations were made. The group that
received dietary advice had a significantly greater mean
reduction in body surface area affected by eczematous
rash (19.6% to 10.9%) in comparison with the control
group (21.9% to 18.9%) and also had a significant
improvement in severity score (33.9 to 24 SCORAD
units) compared with only a slight decrease in the con-
trol group (36.7 to 33.5 units). At the end of the dietary
phase, egg hypersensitivity was confirmed by positive
DBPCFC in 42 of 49 patients who completed the study
(22/26 patients who underwent food challenges in the
egg exclusion group and 20/23 patients who under-
went food challenges in the control group).

DIAGNOSIS AND MANAGEMENT

Diagnosis

Food hypersensitivity should be considered in any child
with moderate to severe AD whose symptoms persist
despite standard therapy, or who requires high-potency
topical steroids in order to be controlled. The more
severe the atopic dematitis, the more likely it is that
food allergy is involved in the pathogenesis.36 In addi-
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tion, a personal and/or family history of atopy should
raise the suspicion that food allergy is contributing to
the patient’s overall skin symptoms. Although many
patients report a history of specific foods exacerbating
their skin symptoms, less than 40% of foods implicat-
ed by the patient can be shown to provoke skin symp-
toms by blinded food challenge. Regular ingestion of
food allergens leads to ‘downregulation’ of immediate
responses, thereby making it difficult to determine by
history alone if a particular food antigen is the cause of
worsening eczema. Therefore, the standard approach
in diagnosing food allergy in these patients begins with
obtaining a detailed dietary history in order to determine
which of the most common food antigens are in the
child’s diet. After that has been done skin-prick and/or in
vitro (RAST) testing is performed in order to detect any
food-specific IgE antibody that may be present. If skin-
prick tests are positive, the quantitative level of IgE pre-
sent to each individual food allergen should be tested.
For some of the most common food antigens, 90% and
95% positive predictive values have been determined,
as listed in Table II.37 Any patient with a food-specific
IgE level greater than these values (decision points) to
a specific food should be considered clinically reactive
and is instructed to follow a diet that strictly eliminates
that food antigen. If the food-specific IgE level is below
the known predictive value and there is no recent his-
tory of a severe, life-threatening reaction, DBPCFC are
performed in order to confirm or rule out clinical reac-

tivity to the food. This is done with any food that is sus-
pected of contributing to eczema symptoms, and
therefore the child may need to undergo a number of
challenges – see Table III for a checklist of this diag-
nostic approach. When food challenges are performed,
symptoms that develop are usually immediate (abrupt)
in onset and generally resolve within 1-2 hours.
Children with mild AD symptoms at the time of chal-
lenge may develop urticarial lesions as their cutaneous
manifestation at the time of challenge, whereas those
with more extensive, poorly controlled disease usually
develop a markedly pruritic, erythematous, morbilliform
eruption. 
There has been increasing interest in the use of the
atopy patch test (APT)(Fig 7) to detect the late-onset
skin symptoms following the ingestion of food aller-
gens.38,39 Kekki et al.38 found that 54 of 113 children with
AD and suspected milk allergy had positive milk chal-
lenges. Reactions were reportedly immediate in 36 of
54 and delayed in 18 of 54 children. The immediate
reactions were associated with positive skin-prick tests
and the delayed reactions with positive APTs. In 26%
of the cases, only the atopy patch test was positive.
More recently, Niggemann et al.39 reported that skin-
prick tests were a highly sensitive, but moderately spe-
cific indicator of immediate food reactions while the
APT was a moderately sensitive but highly specific indi-
cator of late reactions. Studies examining the immuno-
histology of skin lesions induced by APTs have been
confined to IgE-associated allergens. The immunohis-
tology of APT-generated lesions is very similar to AD
lesions, but the cellular composition of non-IgE-mediat-
ed patch-test-induced lesions has not been studied and
remains to be elucidated.

92 Current Allergy & Clinical Immunology, August 2003 Vol 16, No. 3

Table III. Diagnosing food hypersensitivity in
children with atopic dermatitis

History – factors that increase suspicion for food

hypersensitivity

• Moderate to severe disease

• Requirement for medium- to high-potency topical corti-
costeroids for symptom control

• Atopic history

• Known history of food hypersensitivity

• Detailed dietary history which identifies common food
allergens in diet 

Diagnostic tools

• Skin-prick tests – highly sensitive

• RAST – quantitative values may identify 95% predictive
values for certain food antigens

• Double-blind, placebo-controlled food challenges 

Fig. 7. Atopy patch testing.

Table II.  Food-specific IgE concentrations predictive of clinical reactivity

Allergen Decision Sensitivity (%) Specificity (%) Positive Negative predictive 

point predictive value (%)

(kUa/L) value (%)

Egg 7 61 95 98 38

Infants ≤ 1 year 2 95

Milk 15 57 94 95 53

Infants ≤ 1 year 5 95

Peanut 14 57 100 100 36

Fish 20 25 100 100 89

Soybean 30 44 94 73 82

Wheat 26 61 92 74 87

Tree nuts 15 95

Source: Sampson HA.  Food allergy. JACI 2003; 111(2): 5540-5547.



Management

When positive food challenges confirm the diagnosis of
food hypersensitivity, allergen-avoidance diets are recom-
mended. The importance of educating patients’ families
about hidden sources of food antigens is critical.  It is
imperative that the patient and/or family members realise
that food labels may use a variety of terms to denote the
presence of a specific food antigen. Once the proper
food-elimination diet is instituted, patients typically expe-
rience significant improvement in their symptoms com-
pared with patients without food allergy or those who fail
to comply with the allergen-elimination diet.40 If no signif-
icant clinical improvement is seen with the restricted diet
within 2-3 weeks (in addition to the child following the
standard skin care regimen for AD), food challenges with
less common food allergens may be indicated in order to
determine if other foods in the patient’s diet may be pro-
voking the persistent symptoms.

PREVENTION OF ATOPIC DERMATITIS IN

CHILDREN WITH FOOD HYPERSENSITIVITY

Several investigators have attempted to determine the
effect of prophylactic food allergen avoidance in new-
borns and infants predisposed to AD, as well as other
atopic diseases. The role of breast-feeding in the pre-
vention of food allergy and AD has been evaluated as
well. In the 1930s Grulee and Sanford41 reported a
decreased incidence of AD in breast-fed infants. Since
children are exposed to maternal dietary food antigens
passed in breast milk,42 maternal dietary restriction of
common food allergens may be necessary in order to
guarantee that any protective effect of breast-feeding
is not counteracted by the infant’s exposure to dietary
antigens in the maternal milk. In evaluating six breast-
fed infants (age 2.5-6 months), all of whom had classic
infantile AD as well as positive skin-prick tests to egg,
Sampson and colleagues found that all of these infants
had complete clearing of eczematous lesions when
their mothers totally eliminated egg-containing foods
from their diets.40 Four of the six infants were chal-
lenged in a clinical research unit by the mothers first
eating eggs and then breast-feeding their babies. Each
child developed an erythematous morbilliform rash
within 4-36 hours of feeding. These findings make it
apparent that if the maternal diet is not evaluated and
restricted as necessary, breast-feeding may result in an
atopic infant’s early exposure to dietary food antigens
and possibly a worse outcome.
A number of studies have evaluated the effect of breast-
feeding on the incidence of AD in high-risk infants when
the maternal diet is restricted of major food allergens.
In two series, mothers eliminated milk, egg, and fish
from their diets during the first 3 months of breast-
feeding and delayed introduction of cow’s milk until 6
months and egg and fish until 9 months. Their children
had a lower incidence of AD during the first 6 months
of life, compared with controls whose mothers fol-
lowed no dietary restrictions while breast-feeding.43,44

There was no significant difference in the incidence of
AD in the children at 9, 12, or 18 months of age, but
there was a trend toward lower AD rates in the pro-
phylaxis group until 18 months of age. At 4 years of
age, the prophylaxis group had less AD, but no differ-
ences were detected in food or respiratory allergies.44

Zeiger and colleagues45,46 designed a double-blind, ran-
domised, prospective controlled study of infants from
atopic families whose mothers were assigned to one of
two dietary regimens. In the prophylactic dietary group
(group 1) all cow’s milk, egg, and peanut were restrict-
ed during the last trimester of pregnancy and while
breast-feeding (12 months), and introduction of solid
foods was delayed as follows: non-legume vegetables,

rice cereal, meats, and non-citrus fruits between 6 and
12 months; cow’s milk, wheat, soya/maize, and citrus
fruits between 12 and 18 months; eggs at 24 months;
and peanut and fish at 36 months. When supplement-
ed, a casein hydrolysate formula (Nutramigen) was
used. In the control group (group 2), mothers and
infants followed the dietary recommendations of the
American Academy of Obstetrics and Gynaecology dur-
ing pregnancy and the American Academy of Pediatrics
for the duration of breast-feeding. When feeding was
supplemented, a cow’s milk-based formula was used.
The prevalence of food allergy, cow’s milk sensitisa-
tion, and AD in the prophylaxis group were reduced sig-
nificantly during the first 2 years of life.  There was no
significant difference in the period prevalence of AD
after that time. When followed up at 4 and 7 years, the
cumulative prevalence of food allergy remained lower
in the prophylaxis group.
Consistent with the above findings, delayed introduc-
tion of solid foods has also been found to play a role in
the prevention of AD. A prospective, non-randomised
study of 1 265 unselected neonates evaluated the
effect of the introduction of solid foods over a 10-year
period.47,48 A significant linear relationship was found
between the number of solid foods introduced into the
diet by 4 months of age and the subsequent develop-
ment of AD. There was a threefold increase in recur-
rent eczema noted at 10 years of age in infants
receiving solid foods at that time. No relationship was
found between asthma and the introduction of solid
foods. A similar study compared breast-fed infants who
had received solid foods at 3-6 months of age.49 A
reduction in AD at 1 year of age was seen in the
patients with later introduction of solid foods,49 but this
difference was no longer present at 5 years of age.50

Recent attention has focused on the possible role of
probiotics (cultures of potentially beneficial bacteria that
are normal inhabitants of the healthy gut) in primary
prevention of AD. Previous epidemiological studies
have suggested that there is an inverse relationship
between infections and AD, arguing that specific
microbes in the commensal microflora of the gut dur-
ing early life might alter the phenotypic expression of
allergic disease. Kalliomaki and colleagues51 designed a
double-blinded, placebo-controlled study to determine
if AD could be prevented in infants at high risk for
developing AD by administering Lactobacillus GG (LB)
to mothers and postnatally to the infants for 6 months.
The 159 Finnish mothers, who had AD or a first-degree
relative with AD, allergic rhinitis, or asthma, received
two capsules of LB or placebo daily for 2 - 4 weeks
prior to feeding; mothers could continue to take the
capsules or the infants could be given the capsule. The
primary outcome measure was the presence of AD at
2 years. Of the 159 mothers, 139 (83%) completed the
study.  The frequency of AD in the probiotic group was
50% that in the placebo group (15/64 = 23% vs 31/66 =
46%). But despite these intriguing results, the total IgE
and skin-test results were essentially the same for the
two groups. An expanding body of evidence is now
developing that suggests that probiotic Lactobacillus
might prevent or attenuate the incidence and severity
of AD. This is just another factor of the provocative
hygiene hypothesis.

CONCLUSIONS

Recent clinical and laboratory studies have demonstrat-
ed the importance of IgE-mediated mechanisms in the
pathogenesis of AD. The early, acute phase of AD is
predominantly TH2-cell driven but in the chronic phase
of the disease TH1 cells also participate (mixed
TH1/TH2 response).
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There is growing evidence and more widespread
acceptance that food hypersensitivity plays a signifi-
cant role in the symptomatology of AD in a subgroup of
children with moderate to severe disease. Egg, milk,
peanut, wheat and soya are the most common foods
implicated as triggers of AD.
Studies on food hypersensitivity and AD in adults are gen-
erally lacking – these are much needed in order to further
determine the role of food allergens as triggers of AD.
Informed consent was obtained for use of patient photographs.
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