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Background: Double-blind, placebo-controlled oral food chal-
lenges (DBPCFCs) are considered the “gold standard” for
diagnosing food hypersensitivity, but the dose that elicits posi-
tive challenges, or determinants that may predict dose-
response relationships, have not been reported.
Objective: Our purpose was to determine the quantity of food
that elicits reactions during DBPCFCs and to evaluate para-
meters that may predict the provocative dose and severity of
reaction.
Methods: We reviewed challenge data for all positive chal-
lenges to 6 common allergenic foods in children with atopic
dermatitis evaluated for food allergy over a 13-year period.
Challenge food was generally administered in 6 doses at 10- to
15-minute intervals beginning with 400 to 500 mg and com-
pleting with a total of 8 to 10 g of food. An open feeding of a
larger portion followed negative challenges. At the physician’s
discretion, a lower starting dose was occasionally used (100
mg, 250 mg). Food-specific IgE antibody concentrations
(radioallergosorbent test [RAST]) were determined on stored
sera of 20% of the challenges selected randomly and 99.6%
had prick skin tests (PSTs) performed to the challenged food.
Results: A total of 196 children (45% male; median age 5 y 9
mo; atopic dermatitis 98%, asthma 62%) had 513 positive
challenges distributed as follows: egg 267, milk 117, soy 53,
wheat 40, peanut 24, fish 12. The percentage of children react-
ing at the first dose (500 mg or less) was as follows: egg 49%,
milk 55%, soy 28%, wheat 25%, peanut 26%, and fish 17%.
Twenty-six milk challenges and 22 egg challenges were positive
at a first dose of 250 mg; 3 milk challenges and 7 egg chal-
lenges were positive at a first dose of 100 mg. Eleven percent of
the reactions that occurred on the first dose were severe. The
percentage reacting after the final dose of the DBPCFC (or
during open challenge) were egg 11%, milk 12%, soy 19%,
wheat 12.5%, peanut 8.7%, and fish 25%. There was not a
strong correlation between PST absolute wheal size or score
(adjusted for histamine controls) and dose at reaction or sever-
ity of reaction (Rs range –0.22 to 0.39 for particular foods).

Serum concentration of food-specific IgE did not correlate well
with the dose causing a reaction or with severity (Rs range
–0.40 to 0.55 for particular foods).
Conclusions: This food-allergic population may react to as lit-
tle as 100 mg of food, possibly less, and the dose causing a
reaction and the severity of reaction is not predicted by PST or
RAST. Lower doses (100 mg or less) should be investigated for
their appropriateness in initiating DBPCFCs. (J Allergy Clin
Immunol 2000;105:582-6.)
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Thirty-seven percent of children with atopic dermatitis
have food allergy,1 but the diagnosis can be difficult to
secure and depends on results from history, elimination
diets, and oral food challenges.2 The double-blind, place-
bo-controlled food challenge (DBPCFC) is considered
the “gold standard” for diagnosing food allergy because
patient and observer bias is removed.3-5 Although the
procedure can be modified to an office setting, it is time
consuming and labor intensive.6 Positive challenges can
elicit skin, respiratory, or gastrointestinal symptoms with
reactions that may be severe and require medications.6

Although dosing regimens for oral food challenges
have been discussed in the literature,6-8 little has been
reported about the typical dose or minimal doses that
elicit reactions. Further, no attempts have been made to
determine factors that may predict the dose at which
patients react. We undertook this study to determine the
quantity of food that elicits reactions during DBPCFCs
and to evaluate parameters that may predict the provoca-
tive dose and severity of reaction.

METHODS

Subjects

Children with atopic dermatitis with positive DBPCFCs to egg,
milk, wheat, soy, peanut, and fish during the evaluations for food
allergy were included in this retrospective study. Data were
reviewed for challenges performed between 1980 and 1993. Chal-
lenges subsequent to 1993 were not evaluated because after that
period selection for challenges to these major allergens was influ-
enced by the results of food-specific IgE concentration,9 with exclu-
sion of challenges for patients most likely to have positive chal-
lenges. Data were included for individual subjects with multiple
food challenges to one or several foods.

Prick skin tests

Prick skin tests (PSTs) were performed as previously described.5

Briefly, glycerinated food extracts (1:10 or 1:20, Greer Laborato-
ries, Lenoir, NC) were applied by the prick technique with use of a
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bifurcated needle. Histamine and saline solution were applied as
positive and negative controls. Skin test results were recorded by
circling the wheal with ink, transferring to paper with cellophane
tape, and measuring the mean of the greatest diameter and its
orthogonal. Tests were evaluated both as the absolute size of the
wheal in millimeters (less the saline solution control) and in a scor-
ing system that took into consideration the histamine controls as
follows: 0 for no discernible wheal, 1 for food extract wheal diam-
eter less than one half histamine diameter, 2 for food extract wheal
diameter greater than or equal to one half histamine diameter but
less than histamine diameter, 3 for food extract wheal equal to his-
tamine wheal plus or minus 1 mm, 4 for food extract wheal greater
than histamine diameter but less than twice the histamine diameter,
and 5 for food extract wheal greater than or equal to twice the his-
tamine wheal.

Radioallergosorbent tests

Stored sera from a subset (20%) of patient challenges selected
randomly from a previous study9 were analyzed for antigen-specific
IgE antibody concentration with use of the Pharmacia CAP System
FEIA (Pharmacia and Upjohn Diagnostics, Uppsala, Sweden) as
previously described.9 Results were expressed as kUA/L of specific
IgE antibody.

Challenges

Selection of patients for DBPCFCs was predicated on the expec-
tation that a severe clinical reaction was not highly likely to occur
because no severe recent reaction had been documented. DBPCFCs
were performed as previously described.5,6,10 A maximum of 8 to
10 g dry weight of dehydrated food, or equivalent liquid form, was
camouflaged in a food product and given over a 90-minute period.
Six doses of food were given in progressively larger quantities as
follows: before 1992, 0.4 g, 0.8 g, 3 doses of 1.6 g, and a final dose
of 2 g; 1992 and afterward, 0.5 g, 1 g, 3 doses of 2 g, and a final
dose of 2.5 g. Patients received 2 challenges per day, 1 placebo and
1 test food. Dietitians in the clinical research unit prepared the food
and randomized the placebo challenges. Negative DBPCFCs were
followed with open challenges. In the open challenge patients
received a larger quantity of food (a meal-size portion for age).
Challenges were stopped at the discretion of the evaluating physi-
cian when objective signs and symptoms indicated a positive
response, and medications were administered as needed. A previ-
ously described scoring system was used to determine the severity
of the challenge reactions,11 which were scored as minimal, mild,
moderate, or severe.

Statistics

Spearman correlation coefficient (RS) was calculated with use of
a statistical package (Graphpad Prism, San Diego, Calif). Correla-
tion coefficients outside the range of –0.6 to 0.6 and P values <.05
were considered significant.

RESULTS

Subjects and challenge results

A total of 196 children had positive DBPCFCs. The
median age was 5 years 9 months and 55% were male.

Ninety-eight percent had active atopic dermatitis and
62% had asthma. A total of 513 positive challenges were
distributed as follows: egg 267, milk 117, soy 53, wheat
40, peanut 24, and fish 12. Food-specific IgE concentra-
tion determinations were performed randomly on stored
sera obtained at the time of challenge from 20% of the
challenges (as part of another study9) and 99.6% had
PSTs performed to the challenged food.

Dose-eliciting positive challenges, low-dose

reactions, and severity

The distribution of doses that elicited positive chal-
lenges for each food is shown in Fig 1. The percentage
of children reacting at the first dose (500 mg or less)
was as follows: egg 49%, milk 55%, soy 28%, wheat
25%, peanut 26%, and fish 17%. At the physician’s dis-
cretion, starting doses were sometimes less than 400
mg. Twenty-six milk challenges and 22 egg challenges
were positive at a first dose of 250 mg; 3 milk chal-
lenges and 7 egg challenges were positive at a first dose
of 100 mg. Thus a total of 25% of the milk challenges
and 11% of the egg challenges were positive after a first
dose less than 400 mg. The percentages reacting after
the final dose of the DBPCFC (or during open chal-
lenge) were egg 11%, milk 12%, soy 19%, wheat
12.5%, peanut 8.7%, and fish 25%. Twenty-one chal-
lenges (4% of the total challenges) were positive only
during open challenges as follows: egg 5, milk 8, wheat
2, soy 2, peanut 1, fish 3.

DBPCFCs elicited symptoms affecting the skin, gas-
trointestinal, and respiratory systems, as shown in Table
I. The severity of challenge reactions for each food is
depicted in Fig 2. There was not a strong correlation
between the dose at reaction and severity of reaction for
any of the 6 foods (Rs –0.4 to 0.03; P value range <.001
to .8) as may be expected because the supervising physi-
cian discontinued challenges once symptoms indicated a
clear reaction. Eleven percent of the reactions that
occurred on the first dose were severe.

Result of PSTs and RASTs

Correlation coefficients for dose and severity of reac-
tions with measures of specific IgE antibody for each
food are shown in Table II. The correlation between PST
absolute wheal size or score and the dose causing a reac-
tion was weak or negligible (Rs range –0.22 to 0.34, P
value range .04 to .86) for any of the 6 foods. PSTs also
did not correlate strongly with severity of reaction for
any of the foods (Rs range –0.07 to 0.39, P value range
<.0001 to .82).

Serum concentration of food-specific IgE was not
strongly correlated with the dose causing a reaction (Rs
range –0.07 to –0.4, P value range .09 to .91) or with the
severity of the reaction (Rs range 0.16 to 0.55, P value
range .007 to .56).

Analysis of the results of first challenges for all sub-
jects (elimination of data from serial challenges) gave
results that fell within the ranges given above for the
entire data set (data not shown).

Abbreviations used
DBPCFC: Double-blind, placebo-controlled food challenge

PST: Prick skin test
RAST: Radioallergosorbent test
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DISCUSSION

The diagnosis of food allergy often requires oral food
challenges, particularly when food allergy is being con-
sidered in the context of a chronic disease, such as atopic
dermatitis.12 This is the case because a clinical history of
reactivity and even positive diagnostic tests such as PST
and RAST have poor specificity.3,5 Although a recent
study indicated that oral food challenges can be deferred
in a subset of children with atopic dermatitis who have
significantly elevated concentrations of food-specific IgE
antibody to egg, milk, peanut, and codfish,9 the use of

physician-supervised oral food challenges is ultimately
the only diagnostic tool to determine clinical reactivity.
Despite the widespread use of the DBPCFC, the “gold
standard” for diagnosing food allergy, little has been
studied in regard to dose-response relationships of reac-
tions. Such information is vitally important for physi-
cians performing these studies. In the current study we
found that 45% of reactions began at doses less than 500
mg and that severity of reaction or dose causing a reac-
tion was not strongly related to laboratory assessment of
IgE by RAST or PST.

FIG 1. Dose of challenge substance resulting in onset of symptoms during DBPCFCs. Percentage of 513
challenges resulting in positive reactions at each dose are shown with distribution resulting from each
of the 6 foods indicated in the legend.

FIG 2. Severity of reactions caused by challenges during DBPCFCs to each of 6 foods. Distribution of
challenges by severity is shown. Number of challenges for each food is indicated in Table I.
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The method of food challenge used in this study is sim-
ilar to that outlined by Bock et al and others3,4,6 for the
diagnosis of IgE-mediated allergy. Gradually increasing
amounts of the test food (or placebo) are given at 10- to
15-minute intervals from approximately 500 mg to 8 total
grams (approximately equivalent to 5 mL to a total of 80
mL of, for example, cow’s milk). If no reaction is elicited,
an open challenge of a meal-size portion of food is given.
Other workers throughout the world have used a number
of other challenge protocols, including starting with small
amounts applied to the inner lip (labial challenge),13

allowing longer intervals between doses (30 minutes or
more),7,14,15 performing challenges over several days,14,16

or with lower starting doses.7,14 Although there is no stan-
dard method of performing challenges, ultimately a “rele-
vant amount” of the food should be consumed to conclude
there was nonreactivity.17 Further, a natural form of the
food (broiled fish rather than lyophilized fish) should ulti-
mately be tested (open challenge).

A common issue for patients and the food industry is
the question of how small a dose of food can elicit a reac-
tion. This question has been studied for peanut allergy
with use of DBPCFCs in a small group of peanut-aller-
gic adults.18 It was found that 50 mg of peanut was gen-
erally the lowest dose that elicited objective reactions.
One patient in that study had subjective symptoms at
only 100 µg of peanut. However, to determine the “low-
est reactive dose,” one would be obligated to challenge
the most highly allergic individuals, which is generally
not possible for practical and ethical reasons. A variety of
case reports have indicated that reactions to trace quanti-
ties of protein can elicit reactions. For example, the con-
sumption of products contaminated with trace quantities
of milk (8.8 to 14 ppm) have been reported to elicit reac-
tions.19,20 Hydrolyzed formula with 30 to 90 ng/mL milk
protein can apparently result in clinical reactions in highly

sensitive infants.21,22 Although the challenges in the cur-
rent study were performed in children with atopic der-
matitis who were not considered by history to be highly
sensitive (they had no recent severe reactions to the foods
to which they were orally challenged), they still had reac-
tions to as little as 100 mg of the test substances. Ulti-
mately, controlled studies in highly sensitive individuals
would be needed to determine lowest provocative doses.

It would be clinically helpful to have laboratory para-
meters indicating risk for severity of reactions or for
potential dose-response relationships so that physicians
could be more confident in their dosing schedules and
challenge settings (office versus hospital-based setting). It
might be assumed that increasing concentrations of food-
specific IgE antibody (reflected in larger PST size or ele-
vated serum food-specific IgE) would correlate negatively
with the dose required to elicit responses and positively
with the severity of responses. However, this was not
found to be the case in this study; there was no strong
relationship of IgE concentration with dose causing a
reaction (RS more than 0.6 or less than –0.6). That severity
does not relate to serum-specific IgE concentrations was
noted in one previous study.9 A number of other variables
may account for the dose at which symptoms are elicited
and severity of reactions. Variables might include absorp-
tion rates and end-organ reactivity. Although asthma has
been associated with increased severity of food-allergic
reactions outside the challenge setting,23,24 this was not
the case in this study as evaluated by multiple regression
analysis (data not shown). Target organs affected during
food-allergic reactions also appear unpredictable and may
vary for different foods (Table I); this observation is the
focus of continuing studies.

Several limitations in this study could account for the
lack of relationship of reaction severity and eliciting dose
to measures of specific IgE antibody. Because the physi-

TABLE I. Symptoms elicited during DBPCFCs among 196 patients

Food Total challenges Cutaneous (% challenges) Gastrointestinal (% challenges) Respiratory (% challenges)

Egg 267 73 61 47
Milk 117 77 39 64
Soy 53 60 60 26
Wheat 40 78 45 45
Peanut 24 83 42 45
Fish 12 100 42 33
All foods 513 74 53 48

TABLE II. Spearman rank correlation coefficients comparing measures of specific IgE antibody (PST, radioallergosor-
bent tests [RASTs]) to dose of food eliciting positive DBPCFC and severity of symptoms during challenge

Egg Milk Soy Wheat Peanut Fish All foods

Dose vs PST wheal –0.22* –0.14 0.25 –0.05 –0.09 –0.14 –0.17*
Dose vs PST score –0.12* –0.20* 0.34* 0.04 –0.04 0.08 –0.12*
Severity vs PST wheal 0.33* 0.36* 0.10 –0.07 0.18 0.39 0.29*
Severity vs PST score 0.28* 0.28* –0.03 0.23 –0.07 0.20 0.25*
Dose vs RAST –0.07 –0.16 –0.03 –0.4* ID ID –0.13
Severity vs RAST 0.32* 0.55* 0.34 0.16 ID ID 0.34*

ID, Insufficient data.
*P < .05.
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cian supervising oral food challenges can discontinue the
challenge at the first sign of a reaction and provide
immediate medical treatment and may select lower start-
ing doses, the progression of a reaction may be con-
founded and may account for the lack of correlation of
severity with the measures of specific IgE antibody.
Another confounder concerns the study population
because children with atopic dermatitis generally have
elevated IgE concentrations that could blur stronger rela-
tionships between the food-specific IgE antibody con-
centrations and dose-eliciting reactions and severity.
Thus a similar study carried out with patients with acute
IgE-mediated reactions but without atopic dermatitis
may give different results.

The practical messages from the results of this study
include the fact that physicians undertaking oral chal-
lenges must be prepared to deal with severe reactions
without regard to the size of positive PSTs or the con-
centration of food-specific IgE antibody on RASTs
because these parameters do not reflect the severity of
reactivity in the challenge setting. Further, our analysis
reveals that 45% of patients reacted at doses that were
less than 500 mg (usual starting dose 400 to 500 mg).
Thus we suggest starting standard challenges at 100 mg
or lower. Although 100 mg may turn out to be a reason-
able starting dose for oral food challenges in patients not
considered at high risk for reactions (no recent or severe
reactions), the most sensitive patients may react at even
lower doses of food; thus specific recommendations will
require the results of further study.

We thank Sylvan Wallenstein, PhD, for assistance with statistical
analysis.
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