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Abst rac t
Oral food challenge is the gold standard in diagnosing food allergies; however, many testing protocols are available. 
The present article illustrates the difficulties associated with interpreting oral challenge tests with the example of 
a six-year-old boy with allergy to hen’s eggs. The symptoms observed on the first day of challenge indicated a negative 
result; however, the consumption of the cumulative dose resulted in anaphylaxis. The interpretation of the oral food 
challenge can be complicated. The criteria used to determine a positive or negative result are sometimes ambigu-
ous. An accurate interpretation of the results is key to determining correct management in children with food allergy.
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Introduction

Oral food challenge (OFC) plays a crucial role in the 
diagnosis of food allergy. Although history, skin prick test-
ing (SPT), and serum specific IgE (sIgE) tests can also be 
indicative of a food allergy (FA), they do not allow clear 
confirmation or exclusion. For patients with suspected 
FA, especially growing children, it is essential to establish 
the correct diagnosis: a false-negative OFC result exposes 
the patient to an anaphylactic reaction, and a false-posi-
tive result can result in nutritional deficiencies, develop-
mental disorders and impaired quality of life, and even 
acute allergic reactions.

One of the most common forms of FA is hen’s egg 
allergy, which is estimated to affect 0.5–2.5% of children; 
it is also one of the most common causes of anaphylaxis, 
especially in infants and young children [1, 2]. The condi-
tion is most commonly diagnosed during early childhood: 
according to the EuroPrevall survey, the symptoms be-
come apparent at a mean age of 12 months, with a di-
agnosis occurring at 17 months, and symptoms typically 
appear after the first documented contact with eggs [3]. 
Hen’s egg allergy often co-occurs with other FA e.g. pea-
nut allergy, and other atopic diseases, such as atopic der-
matitis (AD), allergic rhinitis (AR) or asthma; Xepapadaki 
et al. report that 70% of children with hen’s egg allergy 
also demonstrate AD [3]. The time to acquiring tolerance 

to egg allergens varies. It has been found that 68% of 
children acquire tolerance to cooked hen’s eggs by the 
age of 16 years old [4], while Peters et al. note that half of 
children develop tolerance around the age of 2 years [5]. 
Interestingly, patients with IgE-dependent FA are more 
likely to demonstrate more persistent egg allergy, similar 
to other forms of FA [2]. 

Clinically, three groups of patients can be distin-
guished: those who are sensitive to hen’s eggs, but tol-
erate them in both raw and heat-treated, or “baked”, 
forms; those who are allergic to raw eggs, but tolerate 
heat-treated ones; and those with an allergy to hen’s 
eggs in either form. The primary allergens identified in 
hen’s eggs are ovomucoid (Gal d 1), ovalbumin (Gal d 2), 
ovotransferrin (Gal d 3), lysozyme (Gal d 4) and livetin 
(Gal d 5). Of these, ovomucoid is considered the most al-
lergenic, mainly due to its thermostability and resistance 
to digestion by enzymes [6].

A diagnosis of egg allergy is based on a standard 
procedure comprising a detailed medical history, physi-
cal examination, sensitization assessment, i.e. SPT and/
or sIgE, and OFC [7]. Although the presence of a larger 
wheal in the SPT and a higher level of sIgE in the blood 
indicate a higher risk of the allergic reaction, they do not 
allow its severity to be determined. It has been found 
that egg protein sIgE levels ≥ 7 kU/l (or ≥ 2 kU/l for chil-
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dren < 2 years of age) and SPT ≥ 7 mm suggest a 95% 
likelihood of obtaining a positive OFC. In addition, egg 
protein sIgE ≤ 2 kU/l and SPT ≤ 3 mm indicate a 50% 
likelihood of obtaining a negative OFC [8]. Including com-
ponent resolved diagnostics (CRD) in the diagnostic pro-
cess can help differentiate sensitivity from allergy and 
allow the tolerance to raw and heat-treated eggs to be 
estimated [6]. It has been found that the level of Gal d 1  
is a good marker of heat-treated egg sensitivity, and that 
high levels are associated with persistent egg allergy [9]. 

Ando et al. propose 7.4 kU(A)/l as a positive decision cut-
off point for diagnosis of raw egg white allergy, assuming 
95% specificity, and 0.6 kU(A)/l as the negative point, as-
suming 95% clinical sensitivity; for heated egg white, the 
positive decision point was 10.8 kU(A)/l, and the negative 
1.2 kU(A)/l [10]. 

The sIgE and SPT cut-off points for raw eggs are differ-
ent for those associated with heat-treated eggs (Table 1)  
[10–18]. Lemon-Mule et al. propose that a concentra-
tion of Ovomucoid (OM) sIgE > 50 kU(A)/l indicates  
> 90% positive predictive value (PPV) of a positive OFC 
with baked egg, while egg white (EW) SPT >15 mm corre-
sponds to 60% PPV, and EW SPT < 3 mm to < 5% PPV [19]. 

However, CRD cannot replace OFC as a reliable diag-
nostic procedure [6], and OFC remains the gold diagnos-
tic standard. Even so, despite its undoubted advantages, 
even the optimal OFC method, i.e. DBPCFC, has a number 
of disadvantages, including the possibility of anaphylaxis 
and difficulties in interpreting the results.

It has also been noted that correct interpretation of 
the results of the challenge has a significant influence 
on setting the correct diagnosis and implementing cor-
rect management. The present study describes the per-
formance of OFC in a child with an egg allergy and the 
difficulties in interpreting the results. It also emphasises 
the need for correct interpretation of OFC results in the 
process of diagnosing FA. 

Case report

A 6-year-old patient, TT, with FA to egg, as well as 
AD, AR and conjunctivitis, was referred to the hospital 
for OFC with boiled hen’s egg. The family did not report 
any history of allergy. He was breastfed until the age of  
12 months. After 6 months of age, the diet was supple-
mented with egg yolk with good tolerance. At 12 months, 
immediately after consuming a few teaspoons of scram-
bled eggs, facial erythema and swelling appeared; this 
was the child’s first exposure to egg white. The symp-
toms resolved themselves without assistance. From that 
time, the mother removed eggs from the child’s diet. 

The mother reported the case to an allergologist when 
the child was 18 months old. SIgE assessment indicated 
allergy to egg (egg white – 3 kU/l, egg yolk – 0.7 kU/l) and 
grass (4.5 kU/l). IgE-dependent egg allergy was diagnosed 
and an egg-elimination diet was recommended. From  
2 years of age, hives were observed a number of times on 
the child’s skin after contact with raw egg. At 3 years of 
age the mother introduced baked hen’s eggs into the boy’s 
diet, which was tolerated well. At 4 years of age, a related 
sIgE test found an increase in the antibody level (sIgE level 
was 24.2 IU/ml for egg white and 17.4 kU/l for yolk). 

From the age of 2 years, the mother periodically re-
ported: itchy erythema, rashes after contact with grasses, 
as well as blockage of the nose, watery discharge from 
the nose, and red and itchy eyes. 

Table 1. Evaluation of positive and negative likelihood 
ratio of OFC with baked egg based on cut-off levels for 
sIgE and SPT with egg [10–18]

Cut-off Positive LR Negative LR Reference

OM sIgE:

 > 10.8 13.75 0.47 [10]

 > 1.16 2.06 0.06 [10]

 > 12.8 5.6 0.76 [11]

 < 8 1.63 0.85 [12]

 > 9.74 7 0.94 [13]

EW sIgE:

 > 30.7 10.5 0.6 [10]

 > 10 3.33 0.85 [14]

 > 26.2 2.4 0.93 [11]

 > 0.78 1.48 0.11 [11]

 > 9.65 7.4 0.66 [13]

 < 8 2.40 0.53 [12]

EW SPT:

 > 3 1.2 0 [13]

 > 11 1.57 0.55 [13]

 > 11 – 1.01 [15]

 > 12 8 0.86 [16]

 < 10 3.27 0.36 [12]

OM SPT:

 > 11 – 0.82 [17]

Baked egg SPT:

 < 2 1.16 0.24 [17]

Raw egg SPT:

 > 25 5 0.96 [16]

EW – egg white, LR – likelihood ratio, OM – ovomucoid, sIgE – specific IgE. 
A positive LR of > 10 indicates that the test result has a large effect on increas-
ing the probability of reacting (positive challenge), a positive LR of 5–10 indi-
cates that the test result has a moderate effect on increasing the probability 
of a reaction, and a positive LR of < 5 indicates a small effect on increasing 
the probability of reacting. A negative LR of < 0.1 indicates that the test result 
is very likely to result in tolerance (i.e., passed challenge, negative challenge), 
a negative LR of 0.1–0.5 indicates a moderate probability of passing the chal-
lenge, and an LR of > 0.5 indicates a small effect on decreasing disease prob-
ability. Based on the data from Bartinikas et al. [13], an EW SPT wheal of  
< 3 mm would be highly predictive for passing a baked egg challenge.
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At 6 years of age the patient was admitted to the hos-
pital for diagnosis. SPTs were performed with egg aller-
gens. Commercial egg white solution produced a wheal 
of 10 mm in diameter, and egg yolks of 5 mm. Regard-
ing the native allergens: raw egg white produced 10 mm 
wheals, yolk 4 mm, boiled egg white 2 mm, and cooked 
yolk 0 mm (positive control was 3 mm, negative control  
0 mm). SIgE levels were found to be 0.75 kU/l for egg 
white, < 0.15 kU/l for egg yolk, 2.2 kU/l for Gal d 1, 1.0 kU/l 
for Gal d 2, and < 0.15 kU/l for Gal d 4 and conalbumin. 
The ISAC test showed the presence of Gal d 1 at a concen-
tration of 1.3 ISU-E; and Gal d 2, Gal d 3, Gal d 4 and Gal d 5 
below 0.3 ISU-E. Sensitization was also found for kiwi 
fruit, Act d 1 (5.7 ISU-E), sesame, Ses i 1 (10 ISU-E) and 
grass pollen, Phl p 1 (0.9 ISU-E), as well as birch, Bet v 1  
(38 ISU- E), cat hair, fel d 4 (2.6 ISU-E) and dog hair, Can f 1,  
Can f 2 (1.9; 2.6 ISU-E) and moulds, Alt a 1 (54 ISU-E). The 
fact that the child tolerated kiwi and sesame well was 
supported by the interview data. 

On the first day of hospitalization, an OFC with boiled 
eggs was administered in doses (small particle – 1/16 – 
1/8 – 1/4 – 1/2 of the boiled egg), every 15 min. After the 
first dose, the boy reported an itchy tongue. No abnor-
malities were noted during the physical examination. Af-
ter an initial refusal to take the second dose, he was fur-
ther encouraged to consume it, however, a single episode 
of vomiting occurred immediately. After 30 min, the same 
dose was repeated, this time in a fruit mousse, which the 
child eagerly consumed. The challenge was continued, 
the patient did not make any complaints and appeared 
symptom free. 

Next day, a single cumulative dose was administered 
(a whole boiled egg), which the patient consumed this 
time without any base. After 5 min, the child vomited and 
demonstrated a running nose, hoarseness, persistent 
sneezing and lacrimation. After a couple of minutes, the 
boy reported nausea and weakness and hives were ob-

Figure 1. The skin after a cumulative dose of egg on the second day of OFC

served on the thigh, face and back (Figure 1), as well as 
generalized erythema and pruritus, tachycardia 148/min 
and anxiety; blood pressure also dropped to 85/61 mm Hg.  
A developing anaphylactic reaction was diagnosed. Adren-
aline was administered intramuscularly, resulting in an im-
mediate improvement in the general condition and most 
of the symptoms; however, the itching and hives still per-
sisted. For this reason, prednisone was administered orally 
at a dose of 10 mg together with an additional dose of 
a second-generation antihistamine. In the course of the 
observation, the child’s condition improved further and 
the symptoms completely disappeared. 

IgE-dependent allergy to hen’s eggs was diagnosed. 
The patient was discharged home and advised to elimi-
nate unprocessed eggs, and to maintain a regular supply 
of foods containing baked egg. The parents were instruct-
ed about the management of an anaphylactic reaction 
and the boy was provided with an anti-shock kit. 

Discussion

Although the described patient demonstrated a low 
risk of allergic reaction (sIgE for egg white and Gal d 1 < 95%  
PPV, good tolerance of baked egg, only one generalized 
reaction experienced in 1 year) [20], OFC incurred the most 
severe clinical manifestation of FA i.e. an anaphylactic re-
action. Although an elevated level of hen’s egg sIgE can 
be indicative of a positive diagnosis of FA, it does not al-
low the severity of the allergic reaction to be predicted 
[9]. Therefore, it is important to remember that patients 
with low sIgE levels and lower reactivity to SPT may also 
experience anaphylactic symptoms during OFC, and the 
physician should be aware of this when performing the 
test. In addition, around 70% of children with an allergy 
to eggs tolerate them in the cooked form (i.e. baked-egg 
products), the remaining 30% do not, as in the case of the 
patient described herein [12]. 
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Despite the implementation of increasingly advanced 
diagnostic methods, OFC is still widely acknowledged as 
the best method for detecting FA. Although DBPCFC is 
regarded as the gold standard in the diagnosis of AP, 
its results are difficult to interpret. Many protocols ex-
ist for conducting OFC, as do a number of criteria for 
determining a positive or negative result. According to 
PRACTALL consensus, the result of DBPCFC is considered 
positive, and the test terminated, following the occur-
rence of either persistent objective symptoms, subjective 
symptoms at three subsequent doses, or a severe sub-
jective symptom such as abdominal pain/nausea with 
discomfort lasting for > 45 min [21]. Interpretation may 
be complicated by the presence of objective and subjec-
tive symptoms, although to a greater degree by the latter. 
The objective and subjective symptoms observed in the 
course of OFC are presented in Table 2 [22]. 

The itching of the tongue that occurred in the de-
scribed patient is a good example of a subjective 
symptom; although it may not have any significance, 
especially if it did not occur with other accompanying 
symptoms such as reddening of the mucous membranes 
of the mouth or throat, its occurrence may herald the 
development of an allergic reaction in the form of oral 

allergies, or the beginning of a systemic anaphylactic 
reaction. A similar situation, although more difficult, 
concerns itching of the skin, especially one that occurs 
without visible skin changes as it may indicate the be-
ginning of an allergic reaction. Niggemann proposes this 
as an indication for the tester to extend the time before 
the next dose of the allergen by 15 min, or to repeat the 
same dose [23]. Moreover, it should be remembered 
that subjective symptoms, especially in children, can be 
caused by the patient’s reluctance to eat food, a dislike of 
the taste, or the nocebo effect, i.e. the negative attitude 
of the patient and an anticipation of the side effects of 
provocation. Subjective symptoms such as palpitations, 
burning tongue or abdominal discomfort are not grounds 
for stopping the challenge [23].

Vomiting is an objective symptom; however, the 
concomitant subjective reluctance or fear of food con-
sumption on the part of the patient or guardian may 
be difficult to assess, and may not always warrant OFC 
discontinuation. Persistent and profuse vomiting is an 
indication for discontinuation of OFC, and a positive 
indicator of FA [24]. In the presented case, the patient 
demonstrated a reluctance to consume the second dose, 
and vomited after consumption. It is difficult to clearly 
determine whether this incident was a symptom of the 
allergy or whether it resulted from the reluctance of the 
child to eat the food. Therefore, based on the subjectiv-
ity of the child’s complaints and the lack of other clinical 
symptoms, OFC was continued. 

The question of whether to continue the testing in 
such circumstances in an OFC procedure is a common di-
lemma. On the one hand, continuing the trial may expose 
the patient to severe and even life-threatening clinical 
symptoms; on the other, finishing early may result in an 
incorrect diagnosis and the introduction of unnecessary 
dietary restrictions. Typically, OFC continues until the point 
where objective symptoms are seen, without the risk of 
stronger allergic reactions appearing [23]. Yanagida et al. 
report that three-level stepwise oral food challenges per-
formed in children with an egg allergy are stopped after 
the first dose in 12% of cases, after the second dose in 
24%, and after the third and final does in 34% [25]. OFC 
was halted by mild symptoms in 20% of tested children 
(localized urticaria, exanthema, pruritus of the skin or 
pharynx or oral cavity, swollen eyelid or lips, mild abdomi-
nal pain, nausea, vomiting, diarrhoea, intermittent cough, 
nasal congestion, sneezing, rhinorrhoea, change in activ-
ity level, lethargy), moderate ones in 77% (generalized 
urticaria, exanthema, pruritus, swollen face, throat pain, 
moderate abdominal pain, recurrent vomiting, diarrhoea, 
repetitive cough, chest tightness, wheezing, pale face, mild 
hypotension, tachycardia, somnolence), and severe ones in 
2% (cramps, abdominal pain, repetitive vomiting, persis-
tent cough, hoarseness, “barky” cough, audible wheezing, 
dyspnoea, drop in saturation, hypotension, bradycardia, 
loss of consciousness) [25]. 

Table 2. Objective and subjective symptoms during food 
challenges [22] 

Variable Objective Subjective

Skin Erythema – flushed irritability
Urticaria – nettle rash 
Oedema – swelling
Eczematous rash
Cold peripheries – shut down

Pruritus – itch
Tingling, mouth/
lips

Nasal Congestion – sniffing
Rhinorrhoea – runny nose

Sneezing, plus 
itchy nose

Ophthalmic Ophthalmia – inflamed sore 
eyes
Runny eyes
Swollen eyes

Glazed expression

Respiratory Wheeze
Hoarse voice/stridor
Use of accessory muscles
Tachypnoea

Tight/ itchy throat
Tightness in chest
Dyspnoea 
– difficulty 
breathing

Gastric Vomiting
Diarrhoea

Abdominal pain
Nausea

Cardiac Tachycardia
Hypertension
Hypotension
Cyanosis

Behaviour Irritability
Drowsiness
Decreased activity
Uncomfortable
Anxiety
Distress
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In the present case, although a negative OFC result 
was obtained during the first stage of the challenge, an 
anaphylactic reaction was observed in the next stage, after 
administering an egg in the form of a single cumulative 
dose. The occurrence of allergic symptoms on the second 
day of OFC is rarely reported in the literature. A study of 
OFC in 242 children yielded a negative result in 193; how-
ever, five of these demonstrated immediate symptoms 
after consuming food on the following day at home, with 
three children requiring medication by the parents [26]. 
The authors attribute this to the use of freeze-dried food, 
differences in the methods of food preparation between 
the hospital and at home, and increased release of inflam-
matory cell mediators due to repeated exposure to the al-
lergen. Moreover, it seems that although FA symptoms 
typically demonstrate reproducibility, in rare cases, they 
may not appear despite the presence of allergies [26]. 

A study of a series of OFC tests in 936 young children 
found allergy symptoms to occur 2 or 3 days after testing 
in 1.6% of cases, i.e. after consuming the food, despite no 
symptoms being observed during the day of OFC [27]. An-
other analysis of 490 OFCs found 7% of the tested patients 
to have symptoms only after the consumption of a cumu-
lative dose on the following day, with the patients present-
ing a range of symptoms including urticaria, angioedema, 
abdominal pain, nausea, erythema and contact urticaria. 
The authors attribute this phenomenon to the specific 
oral tolerance induction (SOTI) effect: the development 
of short-term clinical inactivity following repeated contact 
with the allergen during the OFC on the first day. A break 
for just one night followed by a cumulative dose may again 
elicit clinical symptoms which were not observed on the 
first day after OFC [28]. Paradoxically, a lack of exposure 
to allergens may lead to the development of sudden al-
lergic reactions in patients who have experienced unjusti-
fied elimination of allergens [29]; this may have happened 
in the presented case, when the child was fed egg white 
without the yolk at 12 months of age. 

It is worth remembering that the risk of an allergic 
reaction increases if, despite a negative OFC result, the 
tested food is not introduced into the daily diet [30]. In 
some patients, re-administration of food after its elimina-
tion may trigger symptoms of an allergic reaction, includ-
ing a generalized reaction. Determining the lowest dose 
of the allergen that the patient tolerates is extremely 
important from the point of view of treatment, because 
oral exposure to an allergen at a dose tolerated by the 
patient may act as a form of oral immunotherapy, hasten-
ing the achievement of tolerance. Therefore, our goal for 
the near future is to determine the tolerance to the half 
egg dose, i.e. the final fractionated dose, which the patient 
consumed on the first day of OFC, without complaints. In 
the case of a negative OFC result, and the introduction of 
half egg doses into the child’s diet, it may be possible to 
accelerate the acquisition of tolerance to hen’s egg aller-
gens via the SOTI effect. 

Conclusions

The correct interpretation of OFC results is essential 
for the correct diagnosis of food allergy. However, toler-
ance to baked egg does not necessarily indicate that the 
egg is also tolerated in its unprocessed form. Low levels 
of ovomucoid-sIgE and the absence of symptoms after 
fractionated allergen supply do not always indicate the 
absence of the egg allergy. It is advisable to perform oral 
challenges with fractionated doses of the allergen and 
a cumulative dose on the following day.
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