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Food hypersensitivity is reported to play an immunopathogenic 

role in :itopic dermatitis in approxlmately one-third of children. 

In 320 selected children with moderate to severe atopic dermat

itis, 63% of chiJdren were found to havc food hypersensitivity 
by double-blind placebo-controlled food challenges. Both lgE
mediated mast cell and mononuclear cell activation appear 
responsible for the eczematous lesions resulting from ingestion 

of food allergens. Key words: Atopic dermatitis; Food hypersen
sitivity; Double-blind placebo-controlled food challenge; Hista

mine-releasing factor. 

Acta Derm Vcnereol (Stockh) 1992: Suppl. 176: 34-37. 

H. A. Sampson.CMSC-1103. Johns Hopkins Hospital, 600 N. 
Wolfe Street. Baltimore. MD 21205, U.S.A .. Fax: 410-955-
0229 

Atopic dermatitis (AD) is one form of eczema which generally 
begins in early infancy and is characterized by extreme prur
itu�. typical distribution. chronically relapsing course. and as
sociation with asthma and allergic rhinitis (I). A variety of 
factors are known lo exacerbate flares of AD. including irri
tants, heat. humidity. infection. stress, and allergens. The role 
of food allergy in the pathogcnesis of AD has been disputcd 
for nearly a century (2). In a recent study of children with AD 
seen at a univcrsity hospitars dermatology and allergy clioics, 
double-blind placebo-controlled oral food challengcs 
(DBPCFC) rcvealed that in approximately one-third, food 
hypersensitivity had contributed to their skin symptoms (3). 
As discussed below. a single ingestion of food allergen in the 
DBPCFC is unlikely to provoke an eczematous lesion. but 
chronic ingestion of a food allergen [or repeatcd positive oral 
food challengesj can result in cla�sical changes of AD. 

In the past 10 years, 320 patients with AD havc been eval
uated for evidencc of food hypersensitivity. As indicated in 
Table I, these patients rangcd in age from 6 months to 25 
years. They wcre highly atopic. with 45% having both asthma 
and allergic rhinitis at the time of initial evaluation. Only 23% 
of the patients had AD alone at the initiation of study. Patients 
were hospitalized at a Clinical Research Center [RR-00052] 
for cvaluation by DBPCFCs. Foods suspected by history or 
results of prick skin tests or RASTs were excluded for 10 to 14 
days prior to admission. In addition. antihistamincs were with
held for I to 2 weeks prior to admission. Once hospitalized, 
patients were treated aggressively with hydrating bath�. lubri
cating creams. topical corticosteroids, and antibiotics until 
cutaneous pruritus and erythema essentially cleared. Follow
ing 3 10 -I days of medical therapy in the hospital, DBPCFCs 
generally could be initiated. The DBPCFC consists of adminis• 
tering up to 10 g of dehydratcd food or placebo substitute over 
a period of 60-90 min. starting with 250-500 mg and doubling 
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the dose every 15 min until 10 g has been delivered (4). The 
dehydrated food is mixed in a liquid which is 0avored so that it 
is indistinguishable from the placebo. The Clinical Research 
Center dietitian prepares and randomizes all challenges so that 
neither the physicians, research nurses, parents. nor patients 
know the contents of the challenge material. All challengcs are 
scored on a standardized scoring form (5). A challenge is 
considered positive and discontinued if objective symptoms 
develop [cg. morbillifonn rash, vomiting, wheezing, etc.). The 
food challenge is considcred negative if the patient tolerates 
the full challenge without developing obvious symptoms. Onee 
the blinding has been broken, the patient is fed a )arge portion 
of all foods which did not elicit symptoms during the chal· 
lengc. The food is prepared in the usual fashion and adminis
tered openly under observation to confirm the negative result 
of the DBPCFC. 

As shown in Table IJ, DBPCFCs provoked a varicty of 
symptoms within minutes or up to 2 h. Cutaneous reactions 
developed in 75% of positive challenges, but symptoms were 
confined to the skin alone in only 30% of positive responses. 
Al the time of first evaluation. skin symptoms provoked by 
DBPCFCs usually consisted of a markedly pruritic. erythema· 
tous. morbilliform rash which developed at patients' predilec
tion sites for eczema. Urticarial lesions were rarely seen. In
terestingly, urticaria was seen in follow-up challenges con
ducted l to 2 years later in patients who had cxperienced 
clearing of their eczema while adhering to an appropriatc 
allergen elimination diet, but who remained food sensitive. 
Although history had not suggested othcr food-induced com
plaints. gastro-intestinal symptoms devcloped in 41 % of pa
tients [nausea. abdominal eramping. and vomiting and/or diar
rhea]. upper respiratory symptoms, especially laryngeal 
ederna [sensation of itching and tightness in the throat. persist· 
ent throat clearing with dry hacking cough, and hoarseness] in 
about one-third. and wheezing in about 10% of positive chal-

Tablc I. Patiems with mopic dermaritis evaluated for food hy

perse11Sitivi1y 

Paticn1s enrollcd 
Median age: 4A years [3 mos-30 yrsl 

Numbcr wi1h elcvated serum IgE 

Median: 3.400 JU/ml 
Number wi1h positive familiy history 

320 

256 
(80%) 

304 
(95%) 

umber wi1h concomi1an1 a1opic diseasc a1 1hc 1ime of diagnosis: 
Allergic rhinili� '.!5% 
As1hma 10% 
B01h asthma & allcrgic rhinitis 45% 
Neilher '.!0% 



Table [I. ResulEs of 1,521 inilial food challe11ges in 320 patients

wi1h awpic dermatitis 

Negative food challenges: 
Positive food challengcs: 

Cutaneous symptoms: 
[Skin only - 150 (26%) 

Gastrointcstinal symptoms: 
Respira1ory symptoms: 

Nasal: 
Laryngeal: 
Pulmonary: 

948 
573 

424(74%) 

303 (53%) 
263 (46%) 

166 (29%) 
114 (20%) 
56(10%) 

len ges. As indicated in Table lII. relatively few foods induced 
food allergic symptoms. despite a wide range of foods tested. 
Egg. peanut, and milk accounted for over two-thirds of thc 
reactions documented by DBPCFC. 

Both immediate and late-phase effects of ingested food al
lerocns have been rccorded during DBPCFCs (6--10). The 
pn�ritic, erythematous morbilliform rash, which is a hallmark 
of the immediate skin response, generally arises abruptly and 
persists for 30---120 min. Several laboratory findings implicate 
JgE-mediated cutaneous mast cell activation in the pathogenc
sis of these lesions induced by positive DBPCFCs: a sharp rise 
in plasma histarnine concentration (9). no change in circulating 
basophil number, total histamine content. or spontancous ba
sophil histamine release in vitro [indicators of circulating ha
sophil activation] (7). and no significant change in the comple
ment activation products C3a or C5a (10). In addition. sevcral 
Iines of evidence implicate an lgE-mediated late-phase cornpo
ncnt associated with positive DBPCFCs. Approximatcly 4-8 h 
following the onset of thc primary skin rcaction, many patients 
develop diffuse pruritus and less frequently. an erythematous 
macular rash. A significant rise in circulating polymorphonu
clear neutrophils was observcd in 14/15 patients who experi
enccd a positive challcnge. compared with patients experi
encing no symptoms [median: 5,904 vs. 3.196 cells/rnm3; p < 
0.01], and a distinct drop in circulating eosinophils. Utilizing 
Percoll density gradients. circulating eosinophils were noted to 
change from a pre-challenge ·normodense' profile to a post
challenge 'hypodense' profile in 3 patients studied to date. 
Skin biopsies obtained from the sites of challenge-induced 
morbilliform Iesions 8-14 hours following positive food chal
lenges revealed infiltration of eosinophils and deposition of 
major basic protein in the upper dermis (10). 

It is postulated that the repeated ingestion of food allergens 
by AD patients with food allergy lcads to chronic inflamma
tion and pruritus. which provokes frequent scratching and the 
consequent trauma-induced lichenified lesions. Chronic food 
allergen ingestion was demonstrated to be associated with the 
spontaneous production of histamine-releasing factor [HRF] 
from mononuclear cells in vitro (7). The generation of HRF 
was associated with increased spontaneous basophil histamine 
release in vitro, increased basophil releasibility in virra, and 
increased cutaneous hypcrirritability [a state of increased reac
tivity to a variety of minor non-specific stimuli, c.g. heat, cold. 
detergents. etc.). Spontaneous generation of HRF decreased 
to normal levels over a 6-9-month period when the food-

l' 
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allergic patients climinated the appropriatc allergens from 
their diet [mcan HRF-induced basophil histaminc release: 
57.1 ± 9.3% to 2.0 ± 0.8%; p < 0.001] (7). In addition, 
spontaneous basophil histamine release returncd to normal 
Ievcls, basophil releasibility normalized. and cutaneous hype
rirritability diminished. 

In a prospective follow-up stut.ly of 26 patients with AD. 
those patients with food allergy who wcre appropriatcly diag
nosed and placed 011 an allergen elimination diet experienced a 
marked and significantly grcater irnprovement in their ec
zematous rash cornpared with a similar group of patients who 
did not have food allergy or who did not adhere to thc elim
ination diet (6). Clinical irnprovements associated with th1c 
allergen elimination diet werc not limited to thc skin in thesc 
food-allcrgic patients. Several patients cxperienced improve
ment in asthmatic symptoms as evidenccd by improved control 
in their asthma while reducing their medication rcquirements. 
Initial gastrointestinal changes also wcre noted. In food-al
lergic children who were found to be ingesting food allergens. 
absorption of the carbohydrate marker. lactulose, was ele
vatcd. indicating abnorma! gut wall integrity. I--lowever. lactu
lose absorption returned to normal when the responsible food 
allergens were climinated from thc diet (L3). This study in
dicated that patients with AD and food hypersensitivity had 
subclinical malabsorption which was revcrsed when food al
lergens were rernoved from the diet. 

Following 1-2 years of strict food allergen avoidance. 75 
patients have bcen rechallenged. Approximatcly one-third o� 
symptomatic food hypersensitivities were !ost at the t1me ot 
second DBPCFC (9). The likelihood of developing tolerance 
appearcd to be depenclent upon the allergen responsible for 
the reaction, [i.e. the development of tolerance to soy was 
scen much more frequently than development of tolerance to 
pcanut]. and how wcll the patient adhered to the strict elim
ination diet. Similar results have been rcported in adults with 
food hypersensitivity ( 13). Prick skin tests were of no use in 
monitoring loss of clinical reactivity; the rcactivity uf prick 
skin tests al the time of rechallenge did not differ significantly 
from the rcsults at the time of diagnosis. To investigate 
whether symptomatic skin reactivity was determined at the 

Table lJI. Foods eliciting positive reac1io11s in 320 patien1s eval

uated for food hypersensitivity 

Food Nu. of pats % RX's. 

Egg 106 (4) 30% 
Milk 78 (17) 22% 
Peanut 54 (28) 15% 
Soy 33 ( 1) 9% 

Whcat 18 5% 
Fish 11 3% 

Beef 9 3% 

Chicken 6 2% 
Pork 3 1% 
Potato 4 (I) 1% 

Othcrs 30 (4) 9% 

Total 352 100% 
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Fig. I. Food allergens [ J transportcd by the circulation or 1hrough 
minute fissures in the epidermis 10 1he dcrmis activate local mast cells 
and Langcrhans cells which sccrete a varicty of mediator� and cyto
kines capable of .ittracting inflammatory cells into the skin. TH, =

CD4. lymphocyte� secre1ing IL-2. IFN-. and GM-CSF: TH, = CD4 
lymphocy1es secreung llA. I L-5. IL-3. IL-6. IL-10, and GM-CSF; Eos 
= eosinophils; Baso = basophils: and Keratin = kcratinocytcs. 

target organ leve I, the response of cutaneous mast cells to 
contact with various allergens was assessed by introducing 
food allergens into skin blister chambers raised on 6 patients. 

The chamber blister tluid was then monitored for changes in 
mediator and cell content (14). No differences in immediate or 
late-phase [4-12 h] histamine or PGD, concentrations were 
scen between food allergen to which the patient was skin test 
and challenge positive ['relevant'] and food antigen to which 
the patient was skin test positive and challenge negative [•irrel
evant' food allergen]. Based on this study and previous studies 
documenting the absorption of food antigens in most individu
als (15}. the diffcrence between sensitized patients with or 

without clinical reactivity is not detcrmined at the leve! of the 

sensitized mast cell. It appears that other elements such as 
local cytokine production or factors intervening between thc 
absorption of allergen at the level of the gastrointestinal tract 
and the responsc at the target organ (e.g. allergen clearing. 
allergen modification] contribute to clinical reactivity. 

As depicted in Fig. I, food allergens may be absorbed 

through the gastroinlestinal mucosa and transported by the 
circulation to the skin or may enter through small fissures in 

the epidermis. Once in thc dermis, food allergens may activate 

local mast cells to release histamine. prostaglandins. and a 
number of cytokines including IL-3. IL-4. IL-5, and fL-6 (16). 

The release of these mediators and cytokines would promote 
local vasodilation and ederna, attract eosinophils. basophils. 
lymphocytes and monocytes. induce FcE 11 receptors on local 
Langerhans cells, and promote the prolifcration of mast cells. 
Activatcd eosinophils would release major basic protein, eosi-
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nophil cationic protein, and IL-5. which promote local in
flammation and further eosinophil infiltration. IgE-bearing 

Langcrhans cells from AD patients have been �hown 10 be 

efficient allergen presenting cells for lymphocytes ( I 7). T cell 

cloning experiments have shown that allergen-specific TH
2 

cells are prevalent in lesional skin of AD patients (18). Al

lergen-indueed activation of TI I, celb would generate an in

terleukin profile [IL-4. IL-5, IL-3. IL-6. IL-10. and GM-CSF] 
which would inhibit a typical cell-mediatcd response and favor 
further infiltration of allergic inflammatory cells. Rcpcated 
allergen-activation of mast cells leads to diminished histamine 
release, as shown in vitro and in rodent modets (19), which 
would mask an obvious correlation between allergen ingestion 
on a daily basis and skin symptoms. However. the repeated 

mediator and cytokine release from skin mast cells [·late-phase 
Type I hypersensitivity] and the allergen-induced activation of 
Langerhans cells and lymphocytes [Type IV hypersensitivity] 

would lead to the chronic inOammatory changes seen in the 
skin of patients with atopic dermatitis. 

Thil. work was suported in part hy AI-24439 from thc National ln
stitutc of Allcrgy and lnfectious Diseascs and RR-00052 from the 
General Clinical Research Centers Program. 
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