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Background: Parameters for identifying eczematous children who could respondcontaining cells were increased in chil-
to an elimination diet are needed. In children with food allergy, duodenal IgE-dren with delayed reactions to foods

containing cells are enhanced.

and negative immunologic tests. In

Objective: To determine the presence of duodenal mucosal IgE-positive cells irchildren with AD, conflicting results
atopic dermatitis and to determine whether duodenal IgE-positive cells may identifjpave been reported about the enhance-
eczematous children who will benefit from an elimination diet.

Methods: Thirty-one children with severe eczema underwent gastrointestinaltinal mucos&-*! There is no study on
endoscopy because of gastrointestinal symptoms and were treated with an elimindee relationship between dietary ma-
tion diet. A clinical score to skin lesions was given before and after diet. All subjectsnipulation and duodenal IgE-positive
were skin-prick tested with food antigens and aeroallergens. Serum IgE levels weieells in children with AD.
measured. Duodenal IgE-positive cells were investigated in 18 control subjects and We report the distribution of duode-

in all eczematous children before diet.

ment of IgE-positive cells in the intes-

nal mucosal IgE-positive cells in chil-

Results: The number of duodenal IgE-positive cells in children with atopic dren with AD not controlled by con-
dermatitis was significantly increased compared with that of control gréug (
0.001). Nineteen (61%) eczematous children improved on a few food diet. Dietintestinal endoscopy because of gastro-
responsive children had significantly higher IgE-positive cells compared with bothintestinal symptoms.
nondiet-responsive and controls. Positive predictive accuracy of duodenal IgE- The primary hypothesis to be tested

positive cells was poor, whereas negative predictive accuracy was high at the cutoffas that a IgE-mediated

ventional treatment, who underwent

reaction

level of 50 IgE-positive cells/10 visual fields. Diagnostic accuracy both of SPTwould be present at the duodenal mu-
reactions with foods and of food-specific serum IgE antibodies was poor.

Conclusions: An intestinal IgE-mediated reaction occurred in children with ondary hypothesis, that number of du-
severe atopic dermatitis who underwent intestinal endoscopy because of gastroiodenal IgE-positive cells would predict
testinal symptoms. In these eczematous children, the number of IgE-positive cells ithe outcome of a few food diet, was
the duodenal mucosa might be helpful for excluding a positive response to thexamined. Any association of duode-

elimination diet.
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INTRODUCTION
Food hypersensitivity is believed to
play a role in the pathogenesis of
atopic dermatitis (AD) in some chil-
dren? Skin lesions improve on a elim-
ination diet?>® Double-blind, placebo-
controlled food challenges cause
immediate hypersensitivity reactions
in most eczematous childréf.

In children with AD not responsive
to conventional treatment, a trial of
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elimination diet is considered a thera-
peutic optiorf Elimination diets are
annoying and difficult to follow. Un-
fortunately, neither history nor objec-
tive parameters, such as skin prick test
(SPT) or food-specific IgE antibodiés,
can predict the response to dietary
treatment or indicate which foods
should be eliminated.

We demonstrated that the number of
duodenal IgE-containing cells was
higher in children with documented
clinical reactions to foods than in the
control group’. We found that there
was no difference between number of
duodenal IgE-positive cells and results
of SPT to foods or food-specific IgE
antibodies in identifying food-allergic
children. However, we found that IgE-

cosal site of children with AD. Sec-

nal IgE-positive cells with SPT results
or serum IgE levels has also been eval-
uated.

METHODS

Subjects
Thirty-one children with AD according
to Hanifin and Rajka’s criterfd were
enrolled in the study group (17 male
and 14 female subjects, age median 16
months, with an age range of 4 months
to 13 years 6 months). All children had
skin symptoms which were not ade-
quately controlled by conventional
treatment (topical steroids, antihista-
mines, emollients, bandages, antibiot-
ics, avoidance of triggers), and under-
went intestinal endoscopy because of
gastrointestinal complaints.

Eighteen healthy subjects consecu-
tively referred to the gastrointestinal
unit for gastrointestinal endoscopy
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were included in the control group.
The control group comprised 12 male
and 6 female children, with an age
range of 5 months to 11 years, median
2 years 4 months, without atopic
symptoms, such as eczema, asthma,
oculorhinitis, or food allergy.

The eczematous children and con-
trols were subjected to immunologic
studies. Further, esophagogastro-duo-
denoscopy with an Olympus endo-
scope (Olympus, Hamburg, Germany)
was performed on both patient and
control groups because of gastrointes-
tinal symptoms. Duodenal biopsy
specimens were taken. Children with
AD presented the following abdominal
complaints: vomiting in 29 cases, diar-
rhea in 4, abdominal pain in 3, and
failure to thrive in 2. Control subjects
were referred for evaluation of sus-
pected malabsorptive disorders. In the
control group, upper tract endoscopy
gave negative results.

Children with AD went on a 14-day
elimination diet"* based on foods
rarely involved in clinical hypersensi-
tivity reactions in our population. Dur-
ing this period, infants<6 months of
age were allowed only soy milk, and
patients older than 6 months were also
permitted rice, rabbit, carrot, lettuce,
potato, pear, olive oil, tea, water, and
sucrose if none of these foods was
suspected of eliciting clinical reac-
tions, and SPT and specific IgE anti-
bodies in the blood were negative.

During the diet, parents recorded on
a diary card the children’s daily intake
of oral antihistamines which were al-
lowed for symptomatic treatment of
pruritus. At the beginning and at the
end of the diet, a clinical score was
given by a blind observer. The skin
was divided into 20 separate zones of
roughly equal area. A score 0 to 3 was
recorded for each of the following: er-
ythema, excoriation, vesiculation, and
lichenification. The diet was consid-
ered effective if the total score was
reduced by at least 60%. This thresh-
old was arbitrarily chosen. We believe
that a reduction of the clinical score
greater than 60% indicates that child
had a useful clinical benefit from the
dietary treatment. Such improvement,

therefore, can justify the complexity of

an unpleasant and annoying diet. Par-
ents of all patients gave written con-

sent.

Immunologic Studies

All subjects were skin prick-tested
with food extracts (1:20 wt:vol; (Bay-
ropharm, Milan, Italy). The size of the
skin test wheal was compared with his-
tamine, 1 mg/mL and the diluent. A
positive SPT response was defined as a
wheal 3 mm larger than the negative
(diluent) control and was graded in
comparison to the histamine wheal;
4+ if greater than twice the area of
histamine standard; 3 if twice the
area of the histamine standardt af
equal to the area of the histamine stan-
dard; and %* if half the area of the
histamine standard.

Serum circulating IgE antibodies to
foods were measured by CAP system
and graded from 0 to 6 in accordance
with manufacturer's recommendations
(Pharmacia, Uppsala, Sweden). Grade
1+ or more was considered positive.
Total serum IgE was measured by
CAP (Pharmacia, Uppsala, Sweden).

Immunofluorescence Study

The study was performed as previously
described. Duodenal biopsies were
immediately fixed in periodate-lysine-
paraformaldeyde. The periodate-ly-
sine-paraformaldeyde solution was
prepared as follows: to 0.2 M lysine-
HCI in distilled water; 0.1 M dibasic
sodium phosphate was added until the
pH was 7.4. The solution was then
diluted to 0.1 M lysine with 0.1 M
sodium phosphate buffer, pH 7.4 (re-
sulting phosphate concentration was
0.05 M). The paraformaldehyde solu-
tion and solid sodium m-periodate was
added. After fixation the tissues were
washed with three changes of cacody-
late 0.1 M buffer solution for 30 min-
utes each and then stored overnight at
4° C with cacodylate 0.1 M buffer so-
lution to which 7% sucrose had been
added. Excess washing solution was
removed and the specimens were
rinsed with four changes of acetone for
10 minutes each. Dehydrated speci-
mens were treated with xylol for 30

minutes and embedded in paraffin.
Thin sections of approximately 2- to
3-um were cut on a sliding microtome
(Leica, Wetzlar, Germany). The spec-
imens were dried on a plate at 37° C.
Tissue sections were stained with he-
matoxylin and eosin. The sections
were treated with xylol for 15 minutes,
then with ethanol and washed with wa-
ter. After treatment with phosphate-
buffered saline buffer, the specimens
were incubated overnight with com-
mercially prepared fluoresceined anti-
sera specific for human IgE (Dako-
path, Copenhagen, Denmark) at 4° C.
The sections were washed with three
changes of phosphate-buffered saline
buffer.

The specimens were examined un-
der a Leitz Ortholux incident-light flu-
orescent microscope (Esselte Leitz,
Stuttgart, Germany). The stained epi-
thelial and lamina propria cells were
counted by a observer unaware of the
clinical data. Counting was performed
with the 40x objective. In each sam-
ple, the number of cells in 10 different
adjacent areas of the mucosa above the
muscularis mucosae were counted giv-
ing the number of cells/10 visual
fields.

Nasal polyps were used as positive
control tissue, whereas negative con-
trols were carried out by the absence of
staining in positive sections after
blocking antigenic binding sites with
nonconjugated antisera.

Data Analysis

Data were expressed as median unless
mentioned otherwise. Kruskall-Wallis
ANOVA procedure was applied first to
continuous data. When it was signifi-
cant, each pairing was examined by
means of the Mann-Whitney test. Cat-
egorical data were compared using ei-
ther Pearson’sy® test, Fisher's exact
test, or McNemar’s test. Corrections
were applied for multiple comparisons.
The odds ratios with 95% confidence
intervals (Cls) were also calculated.
Sensitivity, specificity, and predictive
accuracies were calculated using stan-
dard formulas. Diagnostic accuracy of
the number of duodenal IgE-contain-
ing cells was calculated using the ROC
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(receiver operating characteristic)
curve. ROC curve was constructed to
choose the optimal cutoff point, de-
fined as a calculated value that maxi-
mizes “true positive” and minimizes
“false-positive” (1-specificity). Perfor-
mance characteristics for duodenal
IgE-positive cells were also calculated
at the cutoff level defined as the upper
limit of duodenal IgE-positive cells in
the control group and at the cutoff
level that provided a positive predic-
tive accuracy greater than 90%. Corre-
lations were examined by Spearman
rank correlation testP < 0.05 was
considered statistically significant.

RESULTS

The distribution of the number of du-
odenal IgE-containing cells in the
specimens of the 31 children with AD
(median [range} 85 [2 to 282]) were
significantly increased compared with
that of the control group (median
[range] = 10[2 to 50]; P < 0.0001;
difference between medians [95%ClI]
= 62[44 to 80]; Fig 1).

Nineteen of the 31 (61%) children
with AD improved with a few food
diet. Age and sex were similar in the
children who improved on an elimina-
tion diet and in those who did not.
(Table 1).

Twenty (64%) of the 31 children with
AD had at least one positive SPT to
foods. Sixteen children were positive to
egg, 14 to cow’s milk, 5 to wheat, 4 to
lamb, 3 to pork, 3 to potatoes, 3 to
chicken, 2 to beef, 2 to oats, 2 to barley,
2 to peanuts, 2 to peas, 2 to tomatoes, 2
to soy, 1 to carrots, 1 to beans, 1 to
rabbit, 1 to cod, 1 to salmon, and 1 to
tuna. Eight (25%) of the 31 children with
AD had at least one positive SPT to
aeroallergens. Five children were posi-
tive to cat, 3 to grasses, 3 dermato-
phagoides pteronyssinug to Alterna-
ria, 1 to Dermatophagoides farinaé to
dog, 1 to mugwort, and 1 to hazel.

Circulant specific IgE antibodies to
foods were found in 21 (67%) of 31
children with AD. Fifteen children
were positive to egg, 12 to cow’s milk,
6 to wheat, 6 to peanuts, 5 to potatoes,
5 to peas, 5 to tomatoes, 4 to cod, 4 to
pork, 4 to soy 3 to rice, 3 to lamb, 2 to

carrot, 2 to corn, 2 to chicken, 2 to
kiwi, 1 to beans, 1 to chicken, 1 to
pear, 1 to apple, 1 to barley, 1 to oat, 1
to rabbit, 1 to salmon, 1 to beef, 1 to
almond, and 1 to banana. Circulant
specific IgE antibodies to aeroaller-
gens were found in 8 (25%) of 31
children with AD. Four children were
positive to cat, 4 to grasses, 4
pteronyssinus2 to dog, 1 toAlterna-
ria, 1 to mugwort, 1 to hazel, 1 to
birch, 1 to pellitory, and 1 t&Clados-
porium In the control group, all pa-
tients had both negative SPT and spe-
cific serum IgE antibodies.

Levels of total serum IgE were sig-
nificantly higher in eczematous chil-
dren (median [rangel= 150 [6 to
7,890]) than in controls (median
[range] = 31[2 to 209]), difference
between medians [95% CH 102[28
to 181];P = 0.0009). Twenty of the 31
eczematous children had total serum
IgE levels which were higher than the
published mean+ 2 SD value for
age?® In the control group, 2 children
had elevated total serum IgE levels
(OR [95% CI] = 0.06[0.13 to 0.35];
P < 0.001).

Relationship among Duodenal IgE-
Positive Cell, Elimination Diet, SPT
Results, and Serum IgE

The number of mucosal duodenal IgE-
positive cells was significantly higher

300

in children who responded to the re-
stricted diet in comparison to those
who did not (Tablel). Both diet-re-
sponsive and nondiet-responsive chil-
dren with AD had significantly higher
numbers of duodenal IgE-positive cells
than the control group (Tablel). There
was no significant association between
clinical AD score or daily use of anti-
histamine and the number of duodenal
IgE-containing cells in the eczematous
children. The number of IgE-positive
cells in the biopsy specimens from ec-
zematous children as well as from con-
trols showed no correlation with sex or
age K 12 months of age vs> 12
months) or with positive specific se-
rum IgE antibodies to at least one food
or positive SPT results to at least one
food. Further, no correlation was found
between IgE-positive cells and positive
specific serum IgE antibodies to at
least one inhalant allergen or positive
SPT results to at least one inhalant
allergen.

Table 2 shows the performance
characteristics for the number of duo-
denal IgE-positive cells at different
cutoff values when compared with a
few food diet. Cutoff value for a pos-
itive result was set at 50 duodenal IgE-
positive cells/10 visual fields that was
the highest value in the control group;
61 duodenal IgE-positive cells/ 10 vi-
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Figure 1. Duodenal IgE-positive cells in children with atopic eczema and in controls. Significance of

Controls

difference from control children; P < 0.0001. Bars= median.
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Table 1. Characteristics of Children with Atopic Eczema Who Respond to Elimination Diet and Who Did Not Respond and of Control Group

Children with atopic eczema

Diet-responsive

Non-diet-responsive

Control group

(N = 19) (N =12) (N =18) P value
Number (%)
Male 13 (68) 4(33) 12 (66) NSt
Any + food-specific IgE 14 (73) 7 (58) NS
Any + food skin prick test 16 (84) 4 (33) NS
Median (range)
Age (mo) 9 (5-56) 26 (4-162) 29 (5-132) NSt
Duodenal IgE+ cells* 97 (5-282)tA 49 (31-94)§A 10 (2-50)§% <0.0001t
Total serum IgE (IU/mL) 178 (29-1980)1] 111 (6-7890) 31 (2-209)1 0.0017t
NS = P > 0.05.
* Results are expressed as the number of IgE+ cells per 10 visual fields.
T Comparison across groups Kruskall-Wallis test.
Mann-Whitney test: AP = 0.0007, difference between medians (95% CIl) = —54 (—107 to —24).
P < 0.0001, 95.5 (64 to 140).
§ P < 0.0001, 39 (25 to 50).
9 P = 0.0001, 113 (51 to 183).
Table 2. Diagnostic Accuracy
Duodenal IgE+ cells* Any + food Any + food-specific Total serum
<50 <61 >87 SPT IgE IgE
No. of patients positive/negative 23/8 20/11 12/19 20/11 21/10 20/11
Sensitivity (%) 94 89 52 84 73 78
Specificity (%) 58 75 90 66 41 58
Predictive value (%)
Positive 78 85 91 80 66 75
Negative 87 81 47 72 50 63

Data shown are at different cutoff levels of number of duodenal IgE-containing cells, any positive (+) food skin prick test (SPT), any + food-specific
IgE and levels of total serum IgE > mean + 2 SD for age for the presence of positive response to diet in eczematous children (prevalence = 61%).
* Results are expressed as the number of IgE+ cells per 10 visual fields.

sual fields was the optimal cutoff point
calculated using the ROC curve; and
87 duodenal IgE-positive cells/10 vi-
sual fields provided a positive predic-
tive accuracy greater than 90%. The
predictive values depend on the prev-
alence of the condition in the general
population. The prevalence of im-
provement on a few food diet in a
population of children with AD is un-
known. In a large population of chil-
dren with AD not controlled by con-
ventional treatment, the prevalence of
diet-responsive children has been re-
ported to be 30%,which is lower than

in our study.

We may hypothesize that in a gen-
eral eczematous population, 30% of
children with severe AD refractory to
conventional treatment can benefit
from an elimination diet. In our study

population, therefore, the positive pre-
dictive value is higher than in the gen-
eral population whereas the negative
predictive value is lower. Negative
predictive accuracy calculated for a
general eczematous population was
95% when the cutoff value for a posi-
tive result was set at 50 duodenal IgE-
positive cells/10 visual fields, 94% at
61 and 80% at 87, while positive pre-
dictive accuracy was 49% at 50, 60%
at 61, and 69% at 87. Our results
showed that sensitivity and negative
predictive accuracy were high only
when we used the lower cutoff level.
Specificity was high only when we
used the higher cutoff level. Positive
predictive accuracies were poor at all
cutoff levels.

No significant difference was found
between number of duodenal IgE-pos-

itive cells and result of SPTs, food-
specific IgE antibodies, or levels of
total serum IgE in predicting the elim-
ination diet responsiveness. Total se-
rum IgE levels in the AD children cor-
related significantly with the number
of duodenal IgE-positive cellsrd =
0.32;P = 0.036).

Comparison of SPT, Serum IgE, and
Elimination Diet

There was no association between
positive food SPT reactions and re-
sponse to restrict diet. Effective
elimination diet was not associated
with food-specific serum IgE anti-
body results. In children who im-
proved after elimination diet, levels
of total IgE in the blood did not differ
from those of children who did not
improve (Table 1).

668

ANNALS OF ALLERGY, ASTHMA, & IMMUNOLOGY



Diagnostic indices of SPT with food
antigens and of food-specific serum
IgE antibodies compared with results
of restricted diet are listed in Table 2.
Results of SPTs to food, food-specific
serum IgE antibodies, and levels of
total serum IgE were found to have
poor diagnostic accuracy (Table 2). In
a hypothetical eczematous population
in which the prevalence of children
who improved on a diet is 30%, the
negative predictive accuracy is 90%
for any positive SPT, 77% for any pos-
itive food-specific IgE, and 86% for
total IgE. There was no significant dif-
ference between results of SPT and
food-specific IgE antibodies or total
serum IgE levels in identifying diet-
responsive children.

DISCUSSION

The results of this study show that
children with AD who underwent in-
testinal endoscopy because of gastro-
intestinal symptoms have increased
numbers of mucosal duodenal IgE-
positive cells as judged by the immu-
nofluorescent technique.

They corroborate and extend find-
ings of Kalimo et af who studied ec-
zematous adults with positive SPTs or
food-specific IgE antibodies. They are
also in agreement with the results of a
smaller study by Braathen et&lOur
data contradict those of an uncon-
trolled study by Perkkio et &l,who
observed IgE-bearing cells only in a
few children with AD attributable to
food allergy. However, it is not easy to
make a comparison with our findings
because of the use of different immu-
nohistochemical techniqu€sand be-
cause of the heterogeneity in the trial
design.

There is some support for the view
that the gastrointestinal tract is abnor-
mal in children with AD. Gastrointes-
tinal symptoms are more common in
eczematous childrefi. Previous re-
ports showed morphologic changes of
gastrointestinal mucosa associated
with impaired maximal gastric acid se-
cretiort®, mild degrees of jejunal vil-
lous atrophy with eosinophil infiltra-
tion and edema of the lamina propfia
and increased gastrointestinal perme-

ability to inert molecule’$?°or protein
antigensg!??such as egg and milk. Our
results extend these previous observa-
tions by showing an increased number
of duodenal IgE-positive cells.

Some explanations may be offered
for the increased number of duodenal
IgE immunoreactive cells in AD. First,
it has been hypothesized that swal-
lowed inhalant allergens may provoke
an intestinal IgE-mediated reactiéh.
In contrast, we observed that the num-
ber of duodenal IgE-positive cells was
not associated with positive SPT reac-
tions to aeroallergens or inhalant-spe-
cific IgE antibodies in eczematous
children. Second, in children with AD,
an increase of intestinal IgE-positive
cells may be the consequence of an
hypersensitivity reaction to food. In
the current study, a role for dietary
antigens is supported by the significant
higher number of duodenal IgE-posi-
tive cells in diet-responsive children
than in nondiet-responsive children.
This is in agreement with our previous
observation that food-allergic reactions
are associated with enhanced duodenal
IgE-positive cells. The intestinal in-
flammation in food-allergic children is
confirmed by findings of increased eo-
sinophil cationic protein and tumor ne-
crosis factore in the feces? Further,
reactions to food antigens may play a
role in the pathogenesis of gastrointes-
tinal symptoms in children with AD’
Another possible explanation which
does not exclude the former, is that
augmentation of duodenal IgE-positive
cells may be the result of a systemic
primary abnormality associated with
AD. Along this line, it may be relevant
that we found more elevated IgE-pos-
itive cells in children who did not re-
spond to a few food diet in comparison
to controls. Further, we found that the
number of IgE-positive cells were cor-
related with IgE levels in the blood,
suggesting a systemic IgE production.

Elimination diets may be beneficial
in children with AD3* However, they
are difficult to follow and can cause
discomfort to patients. Unfortunately,
there are no reliable means for identi-
fying children who will respond to di-
etary treatment* Our results confirm

that the response to a few food diet
could not be predicted by SPT results
or total serum IgE level or food-spe-
cific IgE antibodies in the blooél.

No comparative data are available
on the relationship between the benefit
of a low allergen diet and duodenal
IgE-containing cells in eczematous
children. In this study, we evaluated
preliminary the role of the number of
duodenal IgE-positive cells in predict-
ing the outcome of an elimination diet
in children with AD. We found that the
number of duodenal IgE-containing
cells was significantly higher in the
diet-responsive eczematous children
than in both nondiet-responsive ec-
zematous children and in controls. The
predictive accuracy values are influ-
enced by the prevalence of the disorder
in the population being studied. Higher
prevalence rates increase positive pre-
dictive accuracy and decrease negative
predictive accuracy.

The exact prevalence of children
with AD who improve on an elimina-
tion diet is not known. The prevalence
of diet-responsive eczematous children
was 61% in the current study but only
30% in a larger population of children
with severe AD not adequately con-
trolled by conventional treatmeftA
number of variables may account for
such a difference. We studied younger
patients who underwent intestinal en-
doscopy because of gastrointestinal
complaints. Although the exact preva-
lence of children with AD who had an
improvement on a few food diet is
unknown, we may hypothesize that in
a general eczematous population, 30%
of children with severe AD may re-
spond to the diet. We corrected the
predictive accuracy to reflect the prev-
alence of a positive response to a re-
stricted diet in a hypothetical, general
eczematous population. Our results
showed that positive predictive accu-
racy of the number of IgE-positive
cells was poor in a hypothetical patient
population. Therefore, duodenal IgE-
positive cells are of little help in iden-
tifying the children who will benefit
from an elimination diet. In contrast,
the number of IgE-positive cells has
both high sensitivity and excellent cor-
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rected negative predictive accuracy at
a cutoff level of 50 IgE-positive
cells/10 visual fields is the upper limit
of the control group. Therefore, if a
patient has< 50 IgE-positive cells/10
visual fields, it is extremely likely that
this subject will not benefit from a
restricted diet.

CONCLUSION

Our study showed that an intestinal
hypersensitivity reaction occurred in
children with severe AD who under-
went intestinal endoscopy because of
gastrointestinal complaints. Our results
suggest that in such children, the pres-
ence of < 50 duodenal IgE-positive
cells/10 visual fields might be a useful
parameter to rule out a positive re-
sponse to an elimination diet. In accor-
dance with our data, this would elimi-
nate the need to perform elimination
diet in 25% of children.

REFERENCES

1. Burks AW, James JM, Hiegel A, et al.
Atopic dermatitis and food hypersen-
sitivity reactions. J Pediatr 1998;132:
132-136.

2. Atherton DJ, Sewell M, Soothill JF, et
al. A double-blind controlled crossover
trial of an antigen-avoidance diet in
atopic eczema. Lancet 1978;1:
401-403.

3. Pike MG, Carter CM, Boulton P, et al.
Few food diets in the treatment of
atopic eczema. Arch Dis Child 1989;
64:1691-1698.

4. Sampson HA, McCaskill CC. Food
hypersensitivity and atopic dermatitis:
evaluation of 113 patients. J Pediatr
1985;107:669—-675.

5. Sampson HA, Ho DG. Relationship
between food-specific IgE concentra-

10.

11.

12.

13.

14.

15.

16.

. Perkkio M.

tions and the risk of positive food chal-
lenges in children and adolescents. J
Allergy Clin Immunol 1997;100:
444-451.

. Charman C. Clinical evidence: atopic

eczema. BMJ 1999;318:1600-1604.

. Caffarelli C, Romanini E, Caruana P,

et al. Clinical food hypersensitivity:
the relevance of duodenal immuno-
globulin E-positive cells. Pediatr Res
1998;44:485-490.

. Savilahti E. Immunochemical study of

the malabsorption syndrome with
cow’s milk intolerance. Gut 1973;14:
491-501.

Immunohistochemical
study of intestinal biopsies from chil-
dren with atopic eczema due to food
allergy. Allergy 1980;35:573-580.
Kalimo K, Lammintausta K, Klemi P,
et al. Mast cells and IgE in intestinal
mucosa in adult atopic dermatitis pa-
tients. Br J Dermatol 1988;119:
579-585.

Braathen LR, Baklien K, Hovig T. Im-
munological, histological and electron-
microscopical investigations of the gut
in atopic dermatitis. Acta Derm Vene-
reol 1980;92(Suppl):78-80.

Hanifin JM, Rajka G. Diagnostic fea-
tures of atopic dermatitis. Acta Derm
Venereol 1980;92(Suppl):44-47.
Caffarelli C, Cavagni G, Menzies IS,
et al. Elimination diet and intestinal
permeability in atopic eczema: a pre-
liminary study. Clin Exp Allergy 1993;
23:28-31.

Burks AW, Sampson HA. Diagnostic
approaches to the patient with sus-
pected food allergies. J Pediatr 1992;
121:S64-S71.

Cavagni G, Capra T, Suzzani L, et al.
Valori di IgE in bambini sani non
atopici. Folia Allergol Immunol Clin
1980;27:273-280.

Brandtzaeg P, Baklien K. Inconclusive
immunohistochemistry of human IgE

in mucosal pathology. Lancet 1976;1:
1297-1298.

Caffarelli C, Cavagni G, Deriu FM, et
al. Gastrointestinal symptoms in atopic
eczema. Arch Dis Child 1998;78:
230-234.

Kokkonen J, Simil&s, Herva R. Gas-
trointestinal findings in atopic chil-
dren. Eur J Pediatr 1980;134:249-254.
McCalla R, Savilahti E, Perkkio M, et
al. Morphology of the jejunum in chil-
dren with eczema due to food allergy.
Allergy 1980;35:563-571.

Dupont C, Barau E, Molkhou P, et al.
Food-induced alterations of intestinal
permeability in children with cow’s
milk-sensitive enteropathy and atopic
dermatitis. J Pediatr Gastroenterol
Nutr 1989;8:459—465.

Paganelli R, Levinsky RJ, Brostoff J,
Weraith DG. Immune complexes con-
taining food proteins in normal and
atopic subjects after oral challenge and
effect of sodium cromoglycate on an-
tigen absorption. Lancet 1979;1:
1270-1272.

Paganelli R, Atherton DJ, Levinsky
RJ. Differences between normal and
milk allergic subjects in their immune
responses after milk ingestion. Arch
Dis Child 1983;58:201-206.

Majamaa H, Miettinen A, Laine S, Iso-
lauri E. Intestinal inflammation in chil-
dren with atopic eczema: faecal eosin-
ophil cationic protein and tumour
necrosis factoe as non-invasive indi-
cators of food allergy. Clin Exp Al-
lergy 1996;26:181-187.

17.

18.

19.

20.

21.

22.

23.

Requests for reprints should be addressed to:
Carlo Caffarelli, MD

Clinica Pediatrica

Via Gramsci 14

43100 Parma, Italy

E-mail: carlo.caffarelli@unipr.it

670

ANNALS OF ALLERGY, ASTHMA, & IMMUNOLOGY



