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Introduction
At present, the double blind placebo controlled food challenge (DBPCFC) represents the only way
to establish or rule out an adverse reaction to a food in older children and adults, whereas an open
challenge controlled by trained personnel is sufficient in infants and young children (1). The
challenge procedure is not, however, fully developed and no standardised procedure has so far been
agreed upon, although a manual describing several of the issues has previously been published (2).
For the safety and feasibility of the patient undergoing challenge there is a need for standardisation
of the procedures. Standardization also allows for comparison of results between different centers
and different populations in scientific protocols. This Position Paper gives advice on how the
procedures can be performed, but since there are no direct comparative studies available in the
literature directly comparing the various parameters (e.g. timing between two subsequent challenges
or increment of the dose for challenge) we have not been able to recommend truly evidence based
guidelines. It is also important to realize, that legislative aspects vary in different countries within
Europe, and that the guidelines presented herein must be adjusted according to local legislation.
Further-more this guideline does not constitute a guideline for Ethics Committees to decide
feasibility of DBPCFC in a scientific protocol.
There are several issues to be determined, prior to commencing a challenge in a patient. These can
be divided into patient-related parameters, which are parameters concerning the actual patient in
question and procedure-related parameters, which deal with the parameters independent of the
patient in question (Table 1).
Selection of patients for challenge
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Challenge should be performed either for establishment or exclusion of the diagnosis, for scientific
reasons in clinical trials or for enabling determination of the sensitivity of the actual patient
(threshold value) or for determining the allergenicity of foods. The determination of the sensitivity
both enables tailor-made guidelines for the patient and opens the possibility of following sensi-tivity
by repeated challenges especially in children with food allergies normally outgrown during
childhood (cow’s milk or hen’s egg).
Table 1.
Patient related parameters

• age of the patient
• clinical features of the suspected reaction
• severity of the reaction
• dosing (start dose, increment, top dose)
• timing between challenges
• regimen (in-patient or out-patient)
• special considerations (concomitant factors)
such as a possible influence of concomitant exercise (3) or intake of drugs
such as b-blockers, ACE-inhibitors or aspirin (4), alcohol, antihistamines,
corticosteroids

Procedure related parameters

• settings (trained personnel)
• safety measures
• informed consent procedures
• blinding procedure
• statistical evaluation

Patients should be investigated according to the EAACI guidelines (1) using case history combined with in
vivo and in vitro testing supplemented with a elimination diet period prior to challenge when necessary.
Based on the findings here, the patient-related parameters can be determined.
The guidelines in this position paper focus mainly on patients presenting classical immediate type allergic
symptoms and signs (IgE-mediated type I allergy), as defined in EAACI position paper (1).

Inclusion criteria
Patients of any age with a history of adverse reaction to a food:

•

For establishment or exclusion of the diagnosis of food intolerance/allergy

•

For scientific reasons in clinical trials

•

For determination of the threshold value or degree of sensitivity

•

For assessment of tolerance. Once diagnosed, when a patient is suspected to have outgrown his
clinical allergy – especially in children, whose food allergies normally outgrow during childhood, e.g.
cow’s milk or hen’s egg allergies.

Patients without specific history of adverse reaction to a food:

•

If any chronic symptom is suspected by the patient or the physician to be food-related
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•

If a patient is on an improper elimination diet - without history of adverse food reaction –, the
food has to be reintroduced and there are reasons for suspecting that an adverse reaction is possible.

•

If a sensitization to a food is diagnosed and tolerance is not known – for example, sensitization
to cross-reactive foods that have not been eaten after the adverse reaction.

Eligible patients for DBPCFC include:
1. All patients with suspicion of an immediate, systemic allergic reaction to a food for
establishment or exclusion of the diagnosis
2. in infants and children £three years, an open chal-lenge controlled and evaluated by a
physician is most often sufficient.
3. 3.Patients with pollen related oral allergy syndrome (5) as their only symptom should only
undergo DBPCFC outside scientific protocols in selected cases; for example in cases with
discrepancy between case history and outcome ofin vivo and/or in vitro tests.
An open challenge may precede DBPCFC in older children and adults because a negative result
herein renders DBPCFC unnecessary. Open challenges should not be applied in cases with a high
probability of a positive outcome or in cases with subjective and/or controversial symptoms only (6).
There are, however other types of patients, who also should be investigated in a standardised
programme:
1. patients with isolated, late reactions such as a sub-group of patients with atopic eczema
dermatitis syndrome (AEDS) (7–12). In the majority of AEDS patients with associated food
hypersensitivity an immediate reaction is seen (eg exanthema, flushing, urticaria together with
symptoms and signs from the respiratory and gastrointestinal tract), but data are accumulating
on a subgroup of patients who only experience exacerbation of their eczema within 24–48 hours
after challenge. In such patients, the challenge procedure should be adjusted to meet the
demands concerning e.g. timing and settings (11–15).
2. patients with controversial symptoms often of subjective nature such as chronic fatigue
syndrome, multiple chemical sensitivities, migraine or joint com-plaints, who are presenting
symptoms which are not in accordance with classical atopic symptoms. Such patients should
only be investigated in strict scientific protocols with special attention to the statistical
evaluation of the outcome, see Statistics section (6).
3. patients with chronic urticaria, where a subgroup is reactive to additives or to high doses of
special foods (e.g. tomatoes) (16–24). Standardised protocols for DBPCFC in these patients
have so far not been fully developed, and the actual incidence of food depend-ent chronic
urticaria remains to be established.
4. patients with isolated late reactions in the gut (25, 26).
Also for this group of patients, special attention must be paid to the lack of knowledge of incidence
and nature of reaction, since these patients have not been finally classified.
Specific guidelines for these four latter groups are not dealt with in this Position Paper. In these
patients, the challenge procedures must be adjusted according to the nature and severity of the
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reactions. Detailed guidelines for such patients have so far not been developed within the EAACI. A
detailed position paper which has just been published from the German Society of Allergology and
Clinical Immunology for identification of the late reactions in AD is now being modified for the
EAACI (13).
Challenge is thus performed when the diagnosis is not made by case history and outcome of in
vivo / in vitro tests, in scientific protocols for research purposes, or when a patient is suspected to
have outgrown his/her clinical allergy.
Exclusion criteria
1. Patients with a clear cut case history of anaphylaxis (or a severe systemic reaction) to one or
more specific food items should not be challenged, provided the risk of misinterpretation of a
positive skin prick test or specific IgE due to clinically insignificant cross reaction is considered
and ruled out - this may be the case for instance in patients with a false positive specific IgE to
peanut due to grass pollen sensitization (27). The potential risk to the patient must always be
weighed against the risk of misinterpreting e.g. skin prick test results or positive findings in
specific IgE.
We define Anaphylaxis according to EAACI 2002, comparable to class 3 to 4 in the Muller
classification of reactions to bee or wasp (28).
2. In selected cases where positive test results makes challenge unnecessary as is the case in
children with positive spt to egg and specific IgE (CAP) above a certain level from‡0.35 KUA/L
to 17.5‡KUA/L, in which the probability of a positive challenge outcome exceeds 95%. At
present, such a correlation has only been demonstrated in children with AEDS and allergy to
selected foods (29–32). By omitting challenge, determination of the clinical sensitivity
(threshold) of the patient is not possible (33).
3. Patients with ongoing disease should not be challenged e.g. patients with acute infection,
unstable angina pectoris or patients with seasonal allergy during the season. Patients with chronic
atopic disease such as asthma or AEDS should only be challenged when disease activity is at a
stable and low level. Pregnant women should not be challenged.
4. Patients taking medication which may enhance, mask, delay or prevent evaluation of a reaction
or interfere with treatment of a reaction should not be challenged. Drugs include antihistamines,
neuroleptics, oral steroid above 5 mg per day, aspirin and other NSAID’s, ACE-inhibitors, betablockers and clinical experience and new drugs may extend the list. Medication such as short
acting b2-agonists, inhaled or topical steroids can normally be continued during challenge, but
the amount used must be kept at a fixed level. Discontinuation of these drugs may interfere with
the interpretation of the outcome of the challenge.
Types of challenge
Double blind challenge (DB)
• DB is the procedure generally recommended, especially if a positive challenge outcome is
expected (for example, when studying an adverse reaction believed to be IgE-mediated, and the
food skin test is positive).
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•
•
•

DB is the method of choice for scientific protocols.
DB is the method of choice when studying late reactions or chronic symptoms, such as AEDS,
isolated digestive late reactions, or chronic urticaria.
DB is the only way to conveniently study subjective food-induced complains, such as acute
subjective ad-verse reactions, chronic fatigue syndrome, multiple chemical sensitivities, migraine
or joint complaints.

Open challenge
• A negative DB should always be followed by an open challenge.
• A positive open challenge could be sufficient when dealing with IgE-mediated acute reactions
manifesting with objective signs.
• For practical reasons, an open challenge can be the first approach when the probability of a
negative outcome is estimated to be very high (for example, when studying an adverse reaction
believed to be IgE-mediated, and a properly performed food skin test is negative).
• In infants and children ≥3 years, an open, physician-controlled challenge is often sufficient for
suspected immediate type reactions (unless a psychological reaction of the mother is expected).
• For patients with pollen-related OAS as their only symptom, an open challenge could be
sufficient as regular procedure - due to difficulties in blinding fruits and vegetables conserving
their allergenicity -. However, in these patients, DB are recommended for scientific protocols
and other selected cases for example, discrepancies between clinical history and outcome of
diagnostic tests.
Single Blind Challenge
• Single blind challenge carries the same difficulties for blinding foods as for DB, and introduces
subjective biases of the observer. Therefore, with only a minor additional work (cross-over by an
external technician), DB can be performed, and the result will be more robust. Therefore, our
recommendation is to always use DB instead.
Settings
The personnel involved in challenge procedure must be specially trained in management of acute
allergic reactions and equipment for resuscitation (including adrenaline for injection and oxygen)
must be readily available.
In cases where a severe reaction is suspected, challenge should be performed in settings with
immediate access to intensive care units.
A possible need for latex-free surroundings should be considered.
Placebo challenge and active challenge should ideally be separated by at least 24 hours, but when
late reactions are not expected, both challenges can in many cases of classical type 1 allergy be
performed on the same day.
If a reaction needing treatment occurs, the next challenge should not be performed until the
symptoms have resolved and the quarantine period for the drugs used has expired.
Intravenous access should be available before initiation of challenges as a general rule, and always
if a severe systemic reaction is expected. In small children, iv access is only necessary in selected
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cases, but if there is any doubt on the outcome (severity) of a challenge, it is advisable to place a
cannula in advance.
Patients can be in most cases be challenged as out patients and discharged after an observation
period of at least 2 hours after the last dose given, provided no reaction has occurred. The
observation period must be adjusted to the expected symptoms and signs in the patient in question.
The patient must be discharged with specific information and satisfactory arrangements for care if a
late reaction (especially asthma) occurs. In some cases, rescue medication consisting of
antihistamines, b-agonists and steroids may be given to the patient to take prn after contacting the
physician.
If a patient experiences a severe reaction needing treatment (asthma, laryngeal oedema, severe
urticaria), he/she should be kept under observation at the hospital overnight and treated accordingly.
A negative outcome of DBPCFC must always be followed by an open serving of the food in order
to avoid possible false negative outcome of DBPCFC due to destruction of allergens during
preparation of the challenge (34). For clinical purposes, a patient may thus be classified as positive,
or likely positive (only positive in open challenge) whereas as in a scientific protocol a positive open
challenge in a DBPCFC negative patient should be considered as a drop-out.
Procedure
If case history is suggestive of reactions in special situations only (reaction elicited only when
exercising after eating (food dependent, exercise induced anaphylaxis (3) or with concomitant intake
of a drugs (e.g. aspirin (4)) or intake of processed food (35–37)) challenges should first be performed
without exercise/drug intake and if negative repeated with exercise/drug intake. Many of these
reactions are, however, severe of nature and the use of pharmaceutical facilitators such as aspirine
may enhance the severity of the reaction resulting in life-threatening situations. Such challenges
should always be considered carefully.
The challenge protocol should be decided on before-hand. In cases of classical type 1 patients
presenting objective signs a protocol using one active and one placebo is normally sufficient due to
the low frequency of reactions to placebo in these patients (38–49). In more dubious cases and
especially in cases patients presenting with subjective signs only a protocol with repeated challenges
should be applied, either using three plus three challenges or three plus two challenges (50–53).
Table 2. Proposed starting dose for different foods (the actual starting dose must always be considered in the
actual patient)
Food
Dose
Reference
Peanut
0,1 mg
(39, 56–58)
Milk
0,1 ml
(12, 31, 43, 59, 60)
Egg
1 mg
(31, 61, 62)
Cod
5 mg
(42)
Wheat
100 mg
(Personal communication)
Soy
1 mg
(31, 63)
Shrimp
5 mg
(64)
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Hazelnut

0,1 mg

(45)

The starting dose, ie the amount of food in question administered to the patient as the first dose
should be evaluated based on patient’s case history and correlated to available data from the
literature (Table 2). In published papers, 5% of patients react to less than 1 mg of peanut, whereas
15% of milk allergic patients react to less than 5 ml of cow’s milk (43, 54). A computer model for
assessment of threshold has recently been published demonstrating a possible threshold for a reaction
in one in a hundred patients for milk, egg and peanut of 0,1 mg (55).
It is advisable to begin with a starting dose below the expected threshold dose, because this will
enable determination of the actual sensitivity in the patient (low adverse effect level and no observed
adverse effect level).
There is no correlation between the size of a skin prick test or the level of specific IgE and the
clinical sensitivity in individual patients (33, 65).
Dosing and interval
A time interval of 15–30 minutes is in most cases suitable for investigation of IgE associated
reactions unless using capsules. In published papers, symptoms most often occur 3 to 15 minutes
after intake; especially the severe reactions always occur immediately - if the patient history claims a
reaction developed later, time schedule should be adjusted accordingly (39, 42, 43, 45, 50, 56, 66,
67).
All patients follow the above incremental scheme if an acute reaction is suspected, patients with
suspected isolated late reactions (e.g. exacerbation of AD) continue on another protocol with intake
of normal daily amount the following day settings (11–15).
The increment may either be a doubling of the dose every 15–30 minutes until top dose has been
reached or the patient react, or a increment using logarithmic mean ie 1, 3, 10, 30, 100 etc. No
comparative studies comparing these two protocols are available. There is a theoretical risk of
passive rush desensitization during the procedure, but evidence for such a phenomenon has not been
published and is unlikely since this would result in a positive outcome of the open feeding following
a negative DBPCFC. Such reactions have only been seen in cases, where the active substance was
destroyed during the blinding procedure (34, 68). If too large increments, on the other hand, are used,
the risk of severe reactions increases. Therefore, at the present state of knowledge, either doubling or
logarithmic increment is recommended.
The top dose ie the maximal amount administered should normally be the normal daily intake in a
serving of the food in question, adjusted for the age of the patient.
Preparation of food used for challenge
Data concerning the foods most often causing allergic reactions has previously been published (69).
Active and placebo challenges should be identical regarding taste, looks, smell, viscosity, texture,
structure and volume. Assessment of possible differences between active and placebo should be
evaluated by standard procedures such as duo-test and triangle-test, where differences in taste,
7

texture, smell etc. are compared either in pairs or by ability for finding one different between three
samples (70).
In infants and children liquid foods can be masked in extensive hydrolysed cow’s milk based
formulas or in amino acid formulas eventually with addition of flavouring agents or colourants.
Items with a strong taste such as black currant juice or peppermint oil may help masking an
unpleasant taste.
Different recipes for masking liquid and solid foods
(peanut, soy, wheat, milk, egg, fish, hazelnut, almond, brazil nut, apple, carrot, celery, apricot,
banana, zucchini, crustaceans) have been developed and are available on the EAACI homepage
(http://www.eaaci.org or http:// www.ig-food.org.)
It is of crucial importance to ensure presence and stability of the allergenicity of the food in the
mixture. In cases with very stable foods such as peanut or cod (42, 71) stability in the serving is not a
problem, whereas in other cases especially with foods of vegetable origin (apples) the stability is
very low (72). The procedures must be adjusted according to the stability of the food in question (35,
37).
Only in cases of a suspected reaction to additives is masking in gelatine capsules recommended.
Capsules should else wise be avoided, since reactions in mouth and throat are bypassed (OAS) and
since the whole procedure is delayed due to the lag phase when the capsule is dissolved in the
stomach.
Measures to avoid toxicity from the food administered should be taken (aflatoxins in brazil nuts,
salmonella bacteria in eggs, and mites in flour).
Statistical considerations
Different approaches should be taken in patients presenting classical allergic symptoms with
objective signs of a reaction on challenge and patients presenting subjective symptoms only.
Furthermore, special attention should be made to the statistical evaluation when investigating
patients with controversial symptoms.
In classical type I allergy reacting with objectively measurable signs (e.g. a drop in FEV1, sneezing
or urticaria), reactions to placebo are relatively rare and a challenge procedure using one active and
one placebo challenge is normally sufficient (40, 42, 61, 73). In contrast, the frequency of reactions
to placebo seen in patients reacting with subjective symptoms (OAS, migraine, itching) is higher (50,
53). Here, repeated challenges are normally necessary.
Two statistical approaches exist, necessitating different approaches in challenge procedure. This is
especially true for patients only presenting subjective symptoms:
1. An approach considering the actual patient
The risk of a patient guessing the right sequence of challenges by chance is 50 per cent, if one
active and one placebo is administered. Therefore repeated challenges must be used to ensure
statistical significance. A protocol using three active and three placebo’s has been published (51).
The chance of a patient guessing the right sequence by chance is 0.05 (0.5·0.6·0.5·0.67·0.5).
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Recently a new model has been proposed, where using five challenges instead of six, where the
patient is aware of the presence of either three active and two placebo challenges or vice versa
(52). This approach holds the same statistical reliability as using six challenges.
2. An approach considering a cohort of patients
In several published papers patients reacting to placebo challenges are excluded from statistical
analysis. This approach carries the risk of overestimating the actual frequency of patients with
actual allergy. As a fictive example, the following outcome of a trial with 100 patients reacting
with subjective symptoms only can be used for illustration:
1. Patients reacting both to active and to placebo
2. Patients reacting to active and not to placebo
3. Patients reacting to placebo and not to active
4. Patients reacting neither to active nor to placebo

25
25
25
25

It is evident, that using the whole cohort, no correlation between challenge and outcome is
obtained. Excluding the patients reacting to placebo (1 and 3), however, results in a frequency of
50% in the remaining patients. The frequency of placebo reactors in a trial must therefore always
be taken into consideration and the actual frequency reported.
In both cases, a statistical model has been developed (51). The use of such statistical evaluation of
the outcome of a trial is highly recommended.
Documentation
All challenges should be documented. For comparative reasons, preformed and standardised
documentation sheets should be used. Examples of such sheets are available at http://www.igfood.org.
Conclusions
The present position paper reviews the present level of knowledge for performing double-blind,
placebo con-trolled challenges. The use of the guidelines presented here will both increase safety and
feasibility for the patient and staff involved in the challenge procedure and also, by using mutual
protocols, enable comparisons between results obtained in different centres.
References
1. Bruijnzeel-KoomenC, OrtolaniC, AasK, Bindslev-JensenC,
Bjorksten B, Moneret-VautrinD et al. Adverse reactions to food.
European Academy of Allergology and Clinical Immunology
Subcommittee. Allergy 1995;50:623–35.
2. BockSA, SampsonHA, AtkinsFM, ZeigerRS, LehrerS, SachsM

et

al.
Double-blind, placebo-controlled food challenge (DBPCFC) as an office
proce-dure: a manual. J Allergy Clin Immunol 1988;82:986–97.
3. ChongSU, WormM, ZuberbierT.
Role of adverse reactions to food in urticaria and exercise-induced
anaphy-laxis. Int Arch Allergy Immunol 2002;129:19–26.
4. MorissetM, Moneret-VautrinDA. Food anaphylaxis induced by aspirin.
Allerg Immunol (Paris) 2001;33:147–9.

5. OrtolaniC, IspanoM, Pastorello EA, AnsaloniR, MagriGC. Compar-ison of
results of skin prick tests (with fresh foods and commercial food extracts)
and RAST in 100 patients with oral allergy syndrome. J Allergy Clin
Immunol 1989;83:683–90.
6. OrtolaniC, Bruijnzeel-KoomenC, BengtssonU, Bindslev-JensenC,

BjorkstenB, HostA et al. Controver-sial aspects of adverse reactions
to food. European Academy of Allergology and Clinical Immunology
(EAACI) Reactions to Food Subcommittee. Allergy 1999;54:27–45.
7. IsolauriE, TurjanmaaK. Combined skin prick and patch testing enhances
identification of food allergy in infants with atopic dermatitis. J Allergy
Clin Immunol 1996;97:9–15.
8. SampsonHA, McCaskillCC. Food hypersensitivity and atopic dermatitis:
evaluation of 113 patients. JPediatr 1985;107:669–75.
9. NiggemannB, ReibelS, WahnU. The atopy patch test (APT)– a useful tool

9

for the diagnosis of food allergy in children with atopic dermatitis.
Allergy 2000;55:281–5.
10. ReekersR, BeyerK, NiggemannB, WahnU, FreihorstJ, KappAetal.
The role of circulating food antigen-specific lymphocytes in food allergic
children with atopic dermatitis. Br J Dermatol 1996;135:935–41.
11. ReekersR, BuscheM, WittmannM, KappA, WerfelT. Birch pollenrelated foods trigger atopic dermatitis in patients with specific
cutaneous T-cell responses to birch pollen antigens. J Allergy Clin
Immunol 1999;104: 466–72.
12. WerfelT, AhlersG, SchmidtP, BoekerM, KappA, NeumannC. Milkresponsive atopic dermatitis is associated with a casein-specific
lymphocyte response in adolescent and adult patients. J Allergy Clin
Immunol 1997;99:124–33.
13. WerfelT, FuchsT, ReeseI, Erdmann S, HenzgenM, Kleine-TebbeJ et al.
Vorgehen bei vermuteter Nahrungsmit-telallergie bei atopischer
Dermatitis. Allergo J 2002;11:386–93.
14. DavidTJ. Hazards of challenge tests in atopic dermatitis. Allergy
1989;44(Suppl):101–7.
15. NiggemannB, WahnU, SampsonHA.
Proposals for standardization of oral food challenge tests in infants and
children.Pediatr Allergy Immunol 1994;5:11–3.
16. HenzBM, ZuberbierT. Most chronic urticaria is food-dependent, and not
idiopathic. Exp Dermatol 1998;7:139–42.
17. ZuberbierT, Chantraine-HessS, HartmannK Czarnetzki BM. Pseudoallergen-free diet in the treatment of chronic urticaria. A prospective
study. Acta Derm Venereol 1995;75:484–7.
18. ZuberbierT, PfrommerC, SpechtK, ViethsS, Bastl-BorrmannR,
Worm M et al. Aromatic components of food as novel eliciting factors
of pseudoaller-gic reactions in chronic urticaria.
J Allergy Clin Immunol 2002;109:343–8.
19. WerfelT. Skin manifestations in food allergy. Allergy 2001;56(Suppl):98–
101.
20. WormM, ViethW, EhlersI, Sterry W, ZuberbierT. Increased leukotriene
production by food additives in patients with atopic dermatitis and
proven food intolerance. Clin Exp Allergy 2001;31:265–73.
21. SichererSH. Food allergy. Lancet
2002;360:701–10.
22. NekamK, RaskyK, VarghaP. Sul-fidoleukotriene- (sLT) generating effect
of food additives on peripheral leukocyte suspensions of healthy blood
donors and allergic patients in vitro (Abstr.).
Allergologie 2000;23:422.
23. FuglsangG, MadsenG, HalkenS, JorgensenS, OstergaardPA, OsterballeO. Adverse reactions to food additives in children with atopic
symp-toms. Allergy 1994;49:31–7.
24. EhlersI, NiggemannB, BinderC, ZuberbierT. Role of nonallergic
hypersensitivity reactions in children with chronic urticaria. Allergy
1998;53:1074–7.
25. SimrenM, ManssonA, Langkilde AM, SvedlundJ, AbrahamssonH,
BengtssonU et al. Food-related gas-trointestinal symptoms in the
irritable bowel syndrome. Digestion 2001;63: 108–15.
26. BengtssonU, Nilsson-BalknasU, HansonLA, AhlstedtS. Double
blind, placebo controlled food reactions do not correlate to IgE allergy in
the diagnosis of staple food related gastrointestinal symptoms. Gut
1996;39:130–5.
27. Bindslev-JensenC, PoulsenLK. In Vitro Diagnostic Methods in the Evaluation of Food Hypersensitivity. Food allergy: adverse reactions to foods
and food additives, 2nd edition. Blackwell SciPubl 1996:137–50.
28. MuellerHL. Diagnosis and treatment of insect sensitivity. J Asthma Res
1966;3:331–3.
29. SampsonHA, HoDG. Relationship between food-specific IgE
concentrations and the risk of positive food challenges in children and
adolescents. J Allergy Clin Immunol 1997;100:444–51.
30. SampsonHA. Utility of food-specific IgE concentrations in predicting
symp-tomatic food allergy. J Allergy Clin Immunol 2001;107:891–6.
31. RoehrCC, ReibelS, ZiegertM, SommerfeldC, WahnU, Niggemann
B. Atopy patch tests, together with determination of specific IgE levels,
reduce the need for oral food challenges in children with atopic

dermatitis. J Allergy Clin Immunol 2001;107: 548–53.
32. BoyanoMT, Garcia-AraC, Diaz-PenaJM, MunozFM,

GarciaSG,
EstebanMM. Validity of specific IgE antibodies in children with

egg allergy. Clin Exp Allergy 2001;31:1464–9.
33. OsterballeM, Bindslev-JensenC.
Threshold levels in food challenge and specific IgE in patients with egg
allergy: is there a relationship? J Allergy Clin Immunol 2003;112:196–
201.
34. Bernhisel-BroadbentJ, StrauseD, SampsonHA. Fish
hypersensitivity. II: Clinical relevance of altered fish allerge-nicity
caused by various preparation methods. J Allergy Clin Immunol
1992;90:622–9.
35. FiocchiA, RestaniP, RivaE, Mirri GP, SantiniI, BernardoL et al. Heat
treatment modifies the allergenicity of beef and bovine serum albumin.
Allergy 1998;53:798–802.
36. Ballmer-WeberBK, HoffmannA, WuthrichB, LuttkopfD, PompeiC,
WangorschA et al. Influence of food processing on the
allergenicity of celery: DBPCFC with celery spice and cooked celery in
patients with celery allergy. Allergy 2002;57:228–35.
37. NoeD, BartemucciL, MarianiN, CantariD.Practical aspects of
prepar-ation of foods for double-blind, placebo-controlled food
challenge. Allergy 1998;53(Suppl):75–7.
38. NorgaardA, SkovPS, Bindslev-Jen-senC. Egg and milk allergy in
adults: comparison between fresh foods and commercial allergen
extracts in skin prick test and histamine release from basophils. Clin Exp
Allergy 1992;22:940–7.
39. HourihaneJO, KilburnSA, Nordlee JA, HefleSL, TaylorSL, WarnerJO.
An evaluation of the sensitivity of sub-jects with peanut allergy to very
low doses of peanut protein: a randomized, double-blind, placebocontrolled food challenge study. J Allergy Clin Immunol 1997;100:596–
600.
40. Ballmer-WeberBK, ViethsS, LuttkopfD, HeuschmannP,
WuthrichB. Celery allergy confirmed by double-blind, placebocontrolled food challenge: a clinical study in 32 subjects with a history of
adverse reac-tions to celery root. J Allergy Clin Immunol 2000;106:373–
8.
41. OrtolaniC, Ballmer-WeberBK, HansenKS, IspanoM, WuthrichB,
Bindslev-Jensen C et al. Hazelnut allergy: a double-blind, placebocon-trolled food challenge multicenter study. J Allergy Clin Immunol
2000;105:577– 81.
42. HansenTK, Bindslev-JensenC. Cod-fish allergy in adults. Identification
and diagnosis. Allergy 1992;47:610–7.
43. Moneret-VautrinDA. Cow’s milk allergy. Allerg Immunol (Paris)
1999;31:201–10.
44. SampsonHA. Food allergy.Part 2: diagnosis and management. J Allergy
Clin Immunol 1999;103:981–9.
45. WensingM, PenninksA, HefleSL, AkkerdaasJ, van ReeR,
KoppelmanS et al. The range of minimun provoking doses in hazelnutallergic patients as determined by double-blind placebo-controlled food
challenges (DBPCFCs).
Clin Exp Allergy 2002;32:1757–62.
46. NiggemannB, SielaffB, BeyerK, BinderC, WahnU. Outcome of
dou-ble-blind, placebo-controlled food chal-lenge tests in 107 children
with atopic dermatitis. Clin Exp Allergy 1999;29: 91–6.
47. MorissetM, Moneret-VautrinDA, MaadiF, FremontS, GuenardL,

CroizierA et al.Prospective study of mustard allergy: first study
with double-blind placebo-controlled food challenge trials (24 cases).
Allergy 2003;58:295–9.
48. RanceF, JuchetA, BremontF, DutauG. Correlations between skin
prick tests using commercial extracts and fresh foods, specific IgE, and
food chal-lenges. Allergy 1997;52:1031–5.
49. ReibelS, RohrC, ZiegertM, SommerfeldC, WahnU, Niggemann
B. What safety measures need to be taken in oral food challenges in
children? Allergy 2000;55:940–4.
50. Bindslev-JensenC. Standardization of double-blind, placebo-controlled
food challenges. Allergy 2001;56(Suppl 67):75–7.

10

51. BriggsD, AspinallL, DickensA, Bindslev-JensenC. Statistical model
for assesing the proportion of subjects with subjective sensitisations in
adverse reac-tions to foods. Allergy 2001;56(Suppl 67):83–5.
52. GellerstedtM. Statistical issues–signi-ficantly important in medical
research. Allergy 2002;57:76–82.
53. GehaRS, BeiserA, RenC, Patterson R, GreenbergerPA, GrammerLC et al.
Multicenter, double-blind, placebo-controlled, multiple-challenge
evaluation of reported reactions to monosodium glutamate. J Allergy Clin
Immunol 2000;106:973–80.
54. RanceF, AbbalM, Lauwers-Cances V. Improved screening for peanut
allergy by the combined use of skin prick tests and specific IgE assays. J
Allergy Clin Immunol 2002;109:1027–33.
55. Bindslev-JensenC, BriggsD, Oster-balleM. Can we determine a
threshold level for allergenic foods by statistical analysis of published
data in the litera-ture? Allergy 2002;57:741–6.
56. RanceF, DutauG.Peanut hypersen-sitivity in children.PediatrPulmonol
1999;18(Suppl):165–7.
57. Moneret-VautrinDA, RanceF, KannyG, OlsewskiA, GueantJL,
DutauG et al. Food allergy to peanuts in France–evaluation of 142
observa-tions. Clin Exp Allergy 1998;28:1113–9.
58. WensingM, PenninksAH, HefleSL, KoppelmanSJ, Bruijnzeel-

Koomen
CA, KnulstAC. The distribution of individual threshold doses eliciting
allergic reactions in a population with peanut allergy. J Allergy Clin
Immunol 2002;110:915–20.
59. HostA, HalkenS. A prospective study of cow milk allergy in Danish
infants during the first 3 years of life. Clinical course in relation to
clinical and immu-nological type of hypersensitivity reac-tion. Allergy
1990;45:587–96.
60. WerfelT, AhlersG, SchmidtP, BoekerM, KappA. Detection of a
kappa-casein-specific lymphocyte response in milk-responsive atopic dermatitis. Clin Exp Allergy 1996;26: 1380–6.
61. NorgaardA, Bindslev-JensenC. Egg and milk allergy in adults. Diagnosis
and characterization. Allergy 1992;47:503–9.
62. EggesboM, BottenG, HalvorsenR, MagnusP. The prevalence of

allergy to egg: a population-based study in young children. Allergy
2001;56:403–411.
63. FoucardT, MalmhedenY, I. A study on severe food reactions in Sweden–is
soy protein an underestimated cause of food anaphylaxis? Allergy
1999;54: 261–5.
64. SichererSH. Clinical implications of cross-reactive food allergens. J
Allergy Clin Immunol 2001;108:881–90.
65. Moneret-VautrinDA, KannyG, HalpernG. Detection of antifood
IgE by in vitro tests and diagnosis of food allergy. Allerg Immunol
(Paris) 1993;25:198–204.
66. MagnolfiCF, ZaniG, LacavaL, PatriaMF, BardareM. Soy allergy in
atopic children. Ann Allergy Asthma Immunol 1996;77:197–201.
67. LeinhasJL, McCaskillCC, Sampson HA. Food allergy challenges:
guidelines and implications. J Am Diet Assoc 1987;87:604–8.
68.
Bernhisel-BroadbentJ,
ScanlonSM,
SampsonHA.
Fish
hypersensitivity. I. In vitro and oral challenge results in fish-allergic
patients. J Allergy Clin Immunol 1992;89:730–7.
69. BousquetJ, BjorkstenB, Bruijnzeel-KoomenCA, HuggettA,
OrtolaniC, WarnerJO et al. Scientific criteria and the selection
of allergenic foods for product labelling. Allergy 1998; 53(Suppl):3–21.
70. MeilgaardM, CivilleG, CarrB. Sensory Evaluation Techniques. CRC
Press Inc. 1991:4280–5.
71. BurksAW, WilliamsLW, HelmRM, ConnaughtonC, CockrellG,
O’BrienT. Identification of a major peanut allergen, Ara h I, in
patients with atopic dermatitis and positive peanut challenges. J Allergy
Clin Immunol 1991;88:172–9.
72. SkamstrupHK, VestergaardH, StahlSP, SondergaardKM, ViethsS,

PoulsenLK et al. Double-blind, placebo-controlled food challenge
with apple. Allergy 2001;56:109–17.
73. Ballmer-WeberBK, WuthrichB, WangorschA,

FotischK, AltmannF,
ViethsS. Carrot allergy: double-blinded, placebo-controlled food

challenge and identification of allergens. J Allergy Clin Immunol
2001;108:301–7.

11

