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Diagnosing food allergies can be challenging to the
practitioner. Our armamentarium includes standardized skin
prick testing, radioallergoimmunosorbent (RAST) testing, and
food challenges. These methods have certainly been helpful in
the IgE-mediated disorders, including urticaria and anaphylaxis.
However, diagnosing patients who have the non-IgE (cell-
mediated) or mixed (IgE and cell-mediated) disorders remains
challenging with our current diagnostic methods. Recent
studies have examined the use of patch testing for these food-
allergic patients, specifically those with atopic dermatitis and
eosinophilic esophagitis. In this article, we review literature
regarding patch testing: its methods, its statistical usefulness,
and its potential future role.

Introduction
Food allergy is a common disorder in the westernized
world, affecting between 2% and 8% of infants and young
children. Thirty-five percent of children with moderate to
severe atopic dermatitis have IgE-mediated food allergy
[1<]. But, atopic dermatitis (AD) is thought to have mixed
IgE and non-IgE mechanisms [2<]. AD is not the only
food-allergic disease that is mixed Ig— and non-IgE—-medi-
ated. Eosinophilic esophagitis (EE) also has been recently
reported to have a similar etiology [3=<].

Atopy patch testing (APT) has been used for the diagno-
sis of non-IgE, cell-mediated immune responses in which T
cells play a prominent role. The earliest publication on
patch testing in eczema was described in 1937 [4], but the
earliest control trial was in 1982 [5]. Since then, many Euro-
pean centers have used patch testing to aide in the diagnosis
of food allergy in children with atopic dermatitis, the results
of which are thought to be indicative of late-phase reactions.
We have recently reported the use of patch testing along with
skin testing in patients with EE [3ee].

ActaMed® Library

Atopy patch testing involves prolonged contact of the
allergenic extract to the skin, with the goal of mimicking a
similar immune response. In fact, biopsy specimens of the
patch test sites in patients with atopic dermatitis were found
to have initial T2 cell infiltration, followed by a predomi-
nance of Ty1 cytokines and eosinophils [6]. Similar biopsy
findings have been observed in the skin of atopic dermatitis
patients during acute and chronic lesions. T2 cytokines
predominate earlier in the disease, with a transformation to
T 1 predominance in the chronic lesions [2e].

Methods of Patch Testing

In comparison with skin prick testing, one of the difficulties
in patch testing is the lack of standardization. In reviewing
the literature, it can be determined that many researchers
utilize similar methods. The goal is to have the same con-
centration of the food product in the patch test that is typi-
cally ingested/challenged. We dilute 2 g of dry food with 2
mL isotonic saline solution. The mixtures are then placed in
aluminum cups (Finn Chambers on Scanpore, Allerderm
Laboratories, Inc., Petaluma, CA) on uninvolved areas of
the patient’s back [3=<]. We and other groups also use fresh
foods directly in the Finn Chambers. Niggemann et al. [7,8]
found that the sensitivity, specificity, positive predictive
value (PPV), and negative predictive value improved when
using the 12-mm chamber compared with the 6-mm size.
Rance [9] found the optimal occlusion time to be 48 hours
compared with 24 hours. The back is evaluated 20 minutes
after removal and again at 72 hours. Interestingly, Perackis
et al. [10] found that there was no difference between the
age of children undergoing patch test and their predictive
capacity. We and others have incorporated these findings
into a standard protocol. In fact, the European Task Force of
Atopic Dermatitis (EFTAD) has recently published stan-
dardized APT techniques [11e=]. Most centers now use 12-
mm chambers with 48-hour occlusion time reading done at
72 hours. Reactions are traditionally classified as +—
erythema and slight infiltration; ++—erythema and pap-
ules; and +++—erythema and vesicles. The EFTAD has
expanded the range to — —negative; >—erythema only; +—
erythema and infiltration; ++—erythema and a few pap-
ules; +++—erythema and many papules; and ++++—
erythema and vesicles.
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Figure 1. Food patch testing. Positive reactions are observed to soy, corn,
beef, and wheat. By the EFTAD scale, soy and carn are +++, and beef and
wheat are ++. EFTAD—European Task Force of Atopic Dermatitis.

A representative patch test is shown in Figure 1. Based
on the EFTAD scale, the reading of these patch tests are: beef
++; soy, corn, and wheat +++; and rice “?”.

Any food can be assessed with patch testing, although
cow’s milk, hen’s egg, wheat, and soy have been studied
most extensively [3e,12-15,16+,17,18,19+,20]. In our
study, we found reproducible results with a variety of other
foods in concentrations similar to what is ingested [3=]. For
grains, egg, and soy, we and others have found that ideal
concentration is 1 g/mL [3+=,18,19<]. Milk requires a higher
concentration at 3 g/mL for ideal testing [3=,17].

Side effects of patch testing are uncommon, although
reports of contact urticaria in small numbers of patients have
been reported [16¢]. Irritation reactions have been described
in other patients as well [17,18,21]. Patch testing should not
be performed if the underlying skin is inflamed.

Patch testing does not make standardized skin prick test-
ing, radioallergosorbent assays (RAST), or double-blind, pla-
cebo-controlled food challenge (DBPCFC) studies obsolete.
DBPCFC studies remain the gold standard for the diagnosis
of food allergy [1==,20]. We and others are evaluating
whether patch testing can make a significant improvement in
our diagnostic abilities, with the standardized assays, in chil-
dren with mixed IgE and non-IgE reactions to foods.

Recent Clinical Studies in Atopic Dermatitis
Role of milk

The most commonly studied foods used in patch testing
include cow’s milk, chicken’s egg, soy, and wheat. Isolauri
and Turjanmaa [19e] first reported the combination of skin
prick testing and patch testing in infants with atopic dermati-
tis. They looked at milk allergy in 183 children who were
between 2 and 36 months of age with DBPCFC. In patients
with acute reactions, 67% of them had positive skin testing
and none of them had positive patch testing. In patients with
delayed reactions, 89% of patients had positive patch tests
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and none of them had positive skin testing. The most severe
patients (40 of the 143) could not have diagnostic testing
due to the condition of their skin, which might skew some of
their results. Nevertheless, they concluded that parallel skin
prick and patch testing will enhance the early identification
of food allergy in infants with atopic dermatitis that may
have been missed by skin prick testing alone. Their study led
to a variety of other studies and publications that focused on
the role of patch testing in patients with food allergy and
atopic dermatitis [22e¢].

Most others found similar results; however, Vanto et al.
[21] did not find that patch testing distinguished between
immediate, delayed, or negative reactions. They studied
301 milk-allergic infants by RAST, prick, and patch testing
who had positive DBPCFC. They concluded that patch test-
ing was not helpful in this cohort of patients and that there
was no association between the patch test and the reaction
of the challenge. They did not have an explanation of the
conflicting results, but referred to the young age of their
cohort and perhaps the differences in interpretation of
delayed reactions.

Of those who studied cow’s milk alone, Majamaa et al.
[17] investigated 143 infants younger than 2 years who
had undergone diagnostic cow’s milk challenges. Sixty-
eight patients had skin issues, 21 had gastrointestinal
symptoms, and 54 had both skin and gastrointestinal
issues. Cow’s milk RAST, prick, and patch test were per-
formed. If infants had a clear history and positivity on test-
ing, they were not challenged. Of those tested, 72 (50%) of
the children had positive challenges: 22 immediate and 50
delayed. The skin patch test was positive in 44% of patients
positive to cow’s milk challenge, of whom all had negative
skin prick, and was highly associated with delayed-type
reaction. As did Isolauri and Turjanmaa [19<], Majamaa et
al. found that being patch-test positive was highly associ-
ated with delayed-type reaction to oral challenge. This
study also revealed false negatives to all diagnostic tests,
stressing the importance of clinical assessment and food
challenges when in doubt.

Role of wheat

The Finnish group also investigated the role of patch test-
ing to wheat in 39 infants suspected of wheat allergy as
noted by skin reaction, gastrointestinal reaction, or a com-
bination of the two [18]. They found that 56% had positive
food challenges (5 immediate, 17 delayed reactions)—
20% positive RAST, 23% positive skin prick test, and 86%
positive patch. In this study, patch testing was found to be
a more sensitive method to diagnose wheat allergy in chil-
dren with atopic dermatitis. They found the sensitivity of
patch testing to be 86% compared with 20% for RAST test-
ing and 23% for prick testing (Table 1).

Role of peanut
Seidenari et al. [23] evaluated the combination of skin
prick testing and patch testing in relationship to peanut-
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Table 1. Sensitivity, specificity, PPV, and NPV from patch testing

Food Patients, n  Sensitivity, % Specificity, % PPV, % NPV, % Study

Milk 205 37 95 88 62 Perackis et al. [10]
71 47 96 95 51 Roehr et al. [13]
143 44 71 63 52 Majamaa et al. [17]
183 61 81 Isolauri et al. [19¢,30]
301 18 87 40 69 Vanto et al. [21]
141 60 97 95 75 Seidenari et al. [23]

Egg 111 42 89 85 50 Perackis et al. [10]
42 57 93 94 52 Roehr et al. [13]
141 71 97 96 73 Stromberg [24]

Soy 90 47 91 50 90 Perackis et al. [10]
25 75 86 50 95 Roehr et al. [13]

Wheat 92 35 32 67 75 Perackis et al. [10]
35 89 94 94 89 Roehr et al. [13]
39 86 35 63 67 Majamaa et al. [18]
141 90 94 92 93 Stromberg [24]

Rye 141 93 90 88 95 Stromberg [24]

Peanut 132 75 87 36 97 Seidenari et al. [23]

Milk, egg, soy, wheat 133 Seidenari et al. [23]

Early phase 33 95 81 67
Late phase 76 95 81 93

NPV—negative predictive value; PPV—positive predictive value.

allergic patients with atopic dermatitis. They studied 132
patients with eczema and found that 9% had positive reac-
tions to challenges. The PPV was found to be 36% in patch-
positive children and 25% in skin test—positive patients.
The sensitivity of patch testing was found to be 75% in
patch test—positive patients compared with 33% of skin
test—positive patients. They summarized that patch testing
may represent a useful integration to standard testing in
atopic children with peanut allergy.

Studies of Multiple Foods

Other groups looked at several foods on food-allergic
patients. Stromberg [24] studied the diagnostic accuracy
of patch test and prick testing in 141 children 2 months to
4 years with eczema (30% had gastrointestinal symptoms)
and food allergy. They found the sensitivity/specificity of
patch testing to be 60%/97% for milk, 71%/97% for egg,
90%/97% for wheat, and 93%/90% for rye. The sensi-
tivity/specificity of skin testing was 41%/99% for milk,
60%/97% for egg, 13%/98% for wheat, and 15%/99% for
rye. As noted by their results, patch testing seemed to be
superior to skin testing, with increased sensitivity and
equivalent specificity.

Niggemann et al. [16,25] studied patch testing using
milk, egg, soy, or wheat in 209 challenges—133 with aller-
gen and 76 with placebo. Of the patients with allergen-
positive food testing, 77 had positive challenges, whereas
two receiving placebo had positive challenges. They looked
at the role of patch testing, RAST testing, and skin testing in
this cohort of patients. The sensitivity of the late-phase
reaction was 76% for patch testing compared with 58% for
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skin testing and 71% for RAST testing. The specificity of
late-phase reaction was 95% for patch testing compared
with 70% for skin testing and 29% for RAST testing. They
concluded that the patch test was a valuable addition in
the diagnostic workup of children with atopic dermatitis.
Within that same group of patients, Niggemann et al.
[8] sought to characterize and evaluate the percentage of
children with atopic dermatitis and positive DBPCFC
results without known IgE sensitization. They looked at the
same 139 children with 208 challenges. Twelve of the 111
children with positive challenges had negative skin and
RAST testing. Fifty-eight percent of those children had pos-
itive patch testing. They had expected that the patch testing
would reach statistical significance for late-phase reactions,
but this was not the case. Positive challenge in non-IgE,
patch-positive patients occurred more in wheat-sensitive
patients compared with those sensitive to egg and milk.
They also found that 10% of the positive challenges were
not IgE-mediated in their group of children with eczema.

Ability to Avoid Food Challenges
Roehr et al. [13] published a report to see whether tests
could improve the diagnostic value so that food challenges
could be avoided. They performed food challenges on 173
children and found 98 (55%) to be positive. They found
95% PPV to patch testing to milk, and if either RAST or skin
test was added, the PPV is 100%. Similarly, patch tests pro-
duced 94% PPV to egg and were the single best test.

Table 1 reveals sensitivity, specificity, PPV, and negative
predictive values of the published studies cited earlier. Patch
testing in general has high specificity, but a significantly lower
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sensitivity for individual foods. The negative predictive value
is not as high as skin testing, which approaches 95%; the PPV
is similar to skin testing ranging 50% to 90%.

Recent Clinical Studies in

Eosinophilic Esophagitis

In the review of the data from Isolauri and Turjanmaa’s
study of children with atopic dermatitis [19], 61 of 183
patients had a concomitant gastrointestinal reaction. They
found that more than 80% of patients with delayed reac-
tions of vomiting and diarrhea after a food challenge had
positive patch test to a food antigen, whereas 25% had
positive skin test. This study suggests that patch testing
might detect gastrointestinal food allergies.

We recently published an article examining the role of
patch testing in patients with EE. A link between food aller-
gies and EE had been suggested initially by case reports in
which food removal improved symptoms [26—28]. We exam-
ined 26 patients with EE confirmed on biopsy. These patients
underwent skin testing and patch testing. The combination
of skin testing along with patch testing improved diagnosis
in 75% of patients. In fact, removal of the causative food led
to complete resolution of symptoms, and eosinophils in
biopsy samples performed after a restricted diet returned to
normal levels. For the 25% of patients who continue to have
symptoms or eosinophils on biopsy, 99% of patients
improve on an elemental diet.

Our expanded look at EE in 170 patients found similar
results (Brown and Spergel, Unpublished data, 2004). Sev-
enty-one percent of patients had resolution of their EE,
with normalization of their biopsies when they eliminated
foods identified by skin test and patch testing. Fifteen per-
cent had partial improvement of their biopsies, and 14%
had no response. The inability to find the causative food in
the remaining 29% of the EE patients could be due to three
possible reasons: 1) the causative food was not tested; 2)
patients were not compliant with their diet; or 3) testing
did not detect the food. Egg, milk, soy, and peanut were
identified most frequently with prick testing, whereas corn,
wheat, soy, and chicken were identified most frequently
with patch testing. However, for the non-responders, all
but three have responded to an elemental diet. These
results indicate that foods are a causative item in EE.

Infants without known EE often present with nonspe-
cific, persistent digestive symptoms. De Boissieu et al. [29]
investigated 35 infants with possible cow’s milk allergy to
determine the role of patch testing in addition to skin prick
testing in this cohort of patients. They found that the sensi-
tivity of patch testing was 79% and the specificity was 91%,
leading to the conclusion that patch testing could improve
the detection of cow’s milk allergy.
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How Do We Use Patch Testing?

Currently, patch testing is performed in our institution on
all children with EE. Our recommendation for the identifi-
cation of causative foods in patients with EE involves both
skin prick testing and patch testing to identify the relevant
food. We test for the most common 20 foods (meats,
grains, milk, soy, egg, peanut, and selected fruits and vege-
tables) in the diet. We have been highly successful in the
treatment of EE, with a 75% success rate based on positive
foods found on APT and skin testing without resorting to
elemental diet. We are also using patch testing on selective
patients with a history of non-lge—-mediated food allergy.
The results of this testing is inconclusive at this time.

Conclusions

Despite advances in the understanding of mechanisms, the
diagnostic accuracy of the methods for early detection of
clinically significant food allergy is poor. The PPV in skin
testing is only approximately 50%, the PPV in RAST testing
varies by each individual food, and the PPV of patch testing
varies by food and disease studied. Patch testing may add
another dimension to our ability to diagnose food allergy,
especially in those children with atopic dermatitis or EE. In
fact, the combination of RAST, skin testing, and patch test-
ing may help to reduce the need for time-consuming food
challenges. Patch testing appears to be helpful in non-Ige—
mediated diseases, in particular gastrointestinal disorders.
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