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Abstract

Background: Oral food challenge (OFC) remains the gold standard for diagnosing food
allergy; however, it is time-consuming and associated with the risk of allergic reactions. The
identification of reliable biomarkers capable of predicting OFC outcomes could improve
patient selection and reduce the number of OFCs required in clinical practice. Among
the most widely used biomarkers are skin prick tests (SPTs) and serum-specific IgE (sIgE)
measurements, including component-resolved diagnostics. However, their diagnostic
utility, as well as the comparability of different diagnostic platforms, remains incompletely
defined in cow’s milk (CM) and hen’s egg (HE) allergy. Methods: We retrospectively
analyzed results of diagnostic tests obtained in children undergoing OFCs to baked milk,
raw milk, baked egg, and boiled egg. Diagnostic performance of SPTs to either allergen
extracts or native food allergens, as well as sIgE measured using ImmunoCAP and ALEX2
platforms, was evaluated using receiver operating characteristic (ROC) analysis and logistic
regression models. Results: Diagnostic performance varied across allergy phenotypes.
SPTs to native food allergens demonstrated good discriminative capacity for raw milk and
boiled egg allergy, whereas SPTs to standardized extracts showed limited diagnostic utility
overall. In baked milk allergy, casein-sIgE measured by InmunoCAP demonstrated the best
diagnostic performance. In raw milk allergy, a-lactalbumin-sIgE measured using ALEX2
platform and -lactoglobulin-sIgE measured by ImmunoCAP showed greater diagnostic
relevance than casein-sIgE. In boiled egg allergy, SPT to raw egg yolk demonstrated the
highest diagnostic value. In baked egg allergy, ovalbumin-sIgE measured using the ALEX2
platform showed the best performance, while ovomucoid-sIgE did not demonstrate clear
superiority. ALEX2 showed good concordance with ImmunoCAP despite systematic
differences in absolute sIgE values. Combined multivariable models provided only modest
improvements over single predictors and did not achieve sufficient accuracy to replace
OFCs. Conclusions: SPTs to either allergen extracts or native food allergens, as well as
sIgE measurements, demonstrate moderate and heterogeneous utility in predicting OFC
outcomes for CM and HE allergy. Although ALEX2 and ImmunoCAP showed comparable
overall performance, platform-specific interpretation may be required. OFC remains
indispensable for definitive diagnosis.

Keywords: cow’s milk allergy; hen’s egg allergy; oral food challenge; skin prick test;
specific IgE
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1. Introduction

Cow’s milk (CM) and hen’s egg (HE) allergies are common conditions, with self-
reported rates of 5.7% and 2.4%, respectively, whereas the prevalence confirmed by oral
food challenge (OFC) is considerably lower, at 0.3% and 0.8%, respectively [1]. Similar
prevalence rates have been reported in the Polish pediatric population, where both CM and
HE allergy affect approximately 0.6% of children younger than two years of age [2,3]. The
marked discrepancy between self-reported and OFC-confirmed prevalence highlights the
limitations of diagnosis based solely on clinical history and underscores the importance
of objective diagnostic evaluation. Both conditions predominantly affect the pediatric
population, particularly youngest children [1,4]. Food allergy symptoms in early childhood
often resolve spontaneously, with tolerance developing in up to 92% of children with
CM allergy by 5 years of age and in up to 89% of children with HE allergy by 6 years of
age [5-7]. These findings highlight the importance of regular clinical reevaluation to assess
the development of tolerance [5].

Thermal processing and the food matrix effect associated with baking reduce the
allergenicity of milk and egg proteins, which may result in tolerance to these forms in
some allergic children [8]. Introduction of thermally processed milk or egg into the diet at
an appropriate time may significantly improve both quality of life and nutritional status
of affected patients [9]. Moreover, evidence suggests that regular ingestion of tolerated
baked milk products may accelerate the development of tolerance to unheated milk in
children with CM allergy [10]. Although a similar effect has been proposed for baked
egg ingestion in children with raw egg allergy, currently evidence remains limited due
to the small number of participants included in previous studies and further research is
required [11].

The OFC remains the gold standard for confirming allergy or tolerance to a specific
food [12]. Despite being the reference standard, OFC is not universally performed in all
eligible patients in routine clinical practice due to its resource-intensive nature, requirement
for hospital-based supervision, limited availability, and risk of allergic reactions requiring
medical intervention [13]. Consequently, access to OFC may be delayed, and clinicians often
rely on surrogate biomarkers for pre-referral risk stratification. Improved risk stratification
may therefore support more appropriate selection of patients for OFC, enhance safety,
reduce unnecessary procedures, and optimize healthcare resources. In addition, earlier
identification of patients eligible for OFC may facilitate timely introduction of tolerated
baked or unheated milk and egg products, with potential benefits for diet quality and
patient well-being.

Numerous diagnostic tests are widely available in clinical practice, including skin prick
tests (SPTs), food-specific IgE (sIgE) measurements, and component-resolved diagnostics;
however, their diagnostic performance is variable, interpretation remains challenging,
and the comparative utility of different allergen components-specific IgE and diagnostic
platforms is still insufficiently defined [5].

A recent meta-analysis [14] showed that SPTs provide high sensitivity for the diagnosis
of CM and HE allergy, whereas sIgE measurements generally offer higher specificity.
However, data on predicting OFC outcomes for baked milk and baked egg allergy remain
limited [14].

The basophil activation test (BAT) may be useful in predicting OFC outcomes, par-
ticularly in children under 2 years of age; however, it is not widely available and is more
expensive than sIgE measurement and SPTs [15-17]. An alternative approach may involve
combining different biomarkers, using more accessible and less expensive tests initially
while reserving BAT for diagnostically uncertain cases [16].
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Component-resolved diagnostics represent another promising strategy in allergy eval-
uation. The value of casein-sIgE may serve as a cost-effective predictor of OFC outcomes
with baked milk and even of reaction severity; however, reported cut-off values vary sub-
stantially across studies and are influenced by patient age [17-19]. Furthermore, not all
studies have confirmed the utility of casein-sIgE [20]. Similarly, the role of ovomucoid-sIgE
in predicting OFC outcomes in baked egg allergy remains unclear; while some studies indi-
cate its diagnostic value [21], others report no clear advantage over egg white-sIgE [16,22].

Moreover, predictive values established using the InmunoCAP system cannot be
directly extrapolated to results obtained using other diagnostic platforms due to potential
inter-assay variability [23]. Concordance between ImmunoCAP ISAC and the ALEX2 test
for milk- and egg-sIgE has been reported to range from 85% to 97.5% [24]. Nevertheless,
additional studies are needed to support the use of the ALEX2 platform in diagnosis of CM
and HE allergy, as the currently available literature remains scarce, with only one study
evaluating HE allergy in children with atopic dermatitis [25].

Attempts have also been made to identify clinical history elements that may help esti-
mate the likelihood of tolerance to milk and baked egg; however, findings have been incon-
sistent, mainly because of heterogeneity in patient selection criteria across studies [26,27].

In the present study, we evaluated the clinical utility of SPTs to standardized extracts
and SPTs to native food allergens, as well as sIgE measurements, including component-
resolved diagnostics. Measurements of sIgE were performed using both ImmunoCAP
and the ALEX2 multiplex allergy platform. The aim of the study was to improve risk
stratification in children with CM or HE allergy and to support more selective referral for
OFC testing.

2. Materials and Methods
2.1. Participants and Study Design

We conducted a retrospective chart review of all patients who underwent OFCs
involving baked milk, raw milk, baked egg, and boiled egg at Department of Pediatric
Pneumonology and Allergy at Children’s Clinical Hospital UCC MUW from January 2023
to September 2025. The study protocol was approved by the Bioethical Committee of the
Medical University of Warsaw (AKBE/158/2026).

Eligibility criteria: All patients who underwent an OFC to baked milk, raw milk,
baked egg, or boiled egg in our institution between January 2023 and September 2025 were
eligible for inclusion. Inclusion was based solely on the availability of complete clinical
documentation, OFC results, and corresponding diagnostic test results (SPT and/or sIgE)
performed within the predefined time window prior to OFC.

No formal clinical exclusion criteria were applied for this retrospective analysis, as
all consecutive OFCs performed during the study period were considered. Patients were
excluded only in cases of incomplete or missing medical records, lack of available pre-
challenge diagnostic testing, or insufficient data to determine OFC outcome.

Most subjects had a history of prior allergic reactions to milk (either baked or unheated)
or egg (either baked, boiled, or raw). A subset of patients was suspected of having food
allergy based on sensitization (positive sIgE results) despite no prior consumption of milk
or egg, for example, due to severe atopic dermatitis. Eligibility for OFC was determined by
an allergist in accordance with the American Academy of Allergy, Asthma and Immunology
(AAAAI)-European Academy of Allergy and Clinical Immunology (EAACI) PRACTALL
guidelines [28].

Allergic comorbidities, including asthma, allergic rhinitis, and atopic dermatitis, were
not considered exclusion criteria and were documented for statistical analysis.
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2.2. Diagnostic Testing

Serum sIgE measurements and SPTs performed within six months prior to OFC were
considered valid for inclusion in the analysis; when available, results obtained during the
same hospital admission as the OFC were preferentially used. In most patients, diagnostic
testing was performed during hospitalization prior to OFC, while, in a minority, previously
available results were used without repetition, in line with routine clinical practice. Al-
though sensitization profiles may change over time, particularly in young children with
evolving food allergy, a six-month interval was considered unlikely to result in clinically
meaningful changes in most cases [29].

Serum sIgE concentrations were quantified using the InmunoCAP system (Uppsala,
Sweden), with a sensitization threshold of 0.35 kU/mL, and the ALEX2 platform (MacroAr-
ray Diagnostics GmbH, Vienna, Austria), with a sensitization threshold of 0.30 kUA /mL. In
all children, the following parameters were assessed using the ImmunoCAP system: sIgE
to milk extract, casein, a-lactalbumin, 3-lactoglobulin, egg extract, egg white, egg yolk, and
total IgE. Assessment of sIgE to egg allergen components by the ImmunoCAP platform,
including sIgE measurements to ovomucoid and ovalbumin, was not available at our center
during the study period and was therefore not included in the study protocol. Using
ALEX2 platform, the following parameters were measured: sIgE to milk extract, casein, x-
lactalbumin, 3-lactoglobulin, egg white, egg yolk, ovomucoid, ovalbumin, ovotransferrin,
lysozyme, serum albumin, and total IgE.

SPT were performed using commercial extracts (Diater, Madrid, Spain), while SPT
to native food allergens were performed using fresh products, including fresh milk, raw
egg white, and raw egg yolk. A wheal diameter >3 mm after 15 min was considered
as positive.

2.3. Oral Food Challenge Protocol

OFCs were conducted in an open manner in a hospital setting.

All chronic diseases, including asthma and atopic dermatitis, were required to be
stable, and no acute conditions or symptoms, such as infections, urticaria, vomiting, or
abdominal pain, were permitted at the time of the OFC.

Medications potentially interfering with OFC result were withheld for the recom-
mended periods prior to testing, including antihistamines for at least seven days and
systemic corticosteroids for a minimum of two weeks.

Muffins containing either egg or milk were prepared by caregivers according to a
standardized recipe. The OFC protocols are shown in Table 1. The doses were increased
every 30 min until either an allergic reaction occurred or a full age-appropriate serving was
achieved. Challenges were discontinued according to the AAAAI-EAACI PRACTALL stop-
ping criteria, and appropriate treatment was immediately administered by the supervising
physician [28].

Allergic reactions occurring during the OFC were assessed according to the World
Allergy Organization (WAO) and Blazowski grading scales [30,31]. If no reaction occurred,
children were monitored for a minimum of two hours following the completion of the OFC.

Table 1. Doses of milk and egg during oral food challenges.

Dose

Number Boiled Egg Raw Milk Baked Egg (Muffins) Baked Milk (Muffins)
Food mg Protein mg Food mL Protein mg Food amount ! Protein mg Food amount ! Protein mg
1 100 13 12 40 Ya 800 kA 320
2 500 65 3.1 100 Y 1600 Y 640
3 2500 325 12.5 400 % 2400 % 960
4 8000 1040 25 800 1and % 4800 1 and % 1920
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Table 1. Cont.

Dose . . . . .
Number Boiled Egg Raw Milk Baked Egg (Muffins) Baked Milk (Muffins)
5 25,000 3250 375 1200
6 25,000 2 3250 50 0r 1123 1600 or 3600 3
7 1254 4000

! Portion of a muffin. 2 Only in children older than 4 yo. 3 In children above 8 yo dose 50 mL (1600 mg) and in
children under 8 yo dose 112 mL (3600 mg). 4 Only in children under 8 yo.

2.4. Statistical Analysis

All analyses were performed in RStudio 4.3.3. Continuous variables are reported
as median with interquartile range (IQR) and categorical variables as frequencies and
percentages. Normality was assessed with the Shapiro-Wilk test. Between-group com-
parisons (OFC-positive vs. OFC-negative) were performed using the Mann-Whitney U
test for continuous variables and Fisher’s exact test for categorical variables. A two-tailed
p-value < 0.05 was considered statistically significant.

Receiver operating characteristic (ROC) curve analysis was used to evaluate the dis-
criminatory performance of individual diagnostic parameters. The area under the ROC
curve (AUC) with 95% confidence intervals was calculated using the DeLong method [32].
Parameters with AUC confidence intervals excluding 0.5 were considered to provide statis-
tically significant discrimination. Optimal cut-offs were determined using the Youden index
(maximizing sensitivity + specificity — 1) [33]. Additionally, two clinically oriented cut-offs
were identified for each parameter: (1) the lowest threshold achieving positive predictive
value (PPV) >95%, representing a rule-in criterion; and (2) the highest threshold achieving
negative predictive value (NPV) >90%, representing a rule-out criterion. Bootstrap 95%
confidence intervals for all cut-off values were derived from 2000 resampling iterations.
Sensitivity, specificity, PPV, and NPV at each threshold were reported with 95% confidence
intervals calculated using the Wilson method.

Two-predictor logistic regression models were constructed for each possible pair of
parameters within the following categories: SPTs combined with sIgE, two sIgE parameters
from the same platform (ImmunoCAP or ALEX2), and sIgE values were log,-transformed
prior to modeling. Model performance was quantified as the apparent AUC (DeLong, 95%
CI) and as the optimism-corrected AUC estimated by the bootstrap Efron-Gong procedure
(1000 resampling iterations). Optimism values >0.05 were considered indicative of overfit-
ting. For each model, the maximum predicted OFC+ probability and the number of patients
exceeding predicted probability thresholds of 50%, 75%, 90%, and 95% were reported.

Agreement between ALEX2 and ImmunoCAP platforms was assessed for sIgE to
components available on both platforms (milk extract and molecular components for
milk cohorts; egg white and egg yolk extracts for egg cohorts). Egg cohort platform
comparisons were performed on the combined boiled egg and baked egg dataset, and milk
cohort comparisons on the combined raw milk and baked milk dataset, on the basis that
sensitization status is independent of the form of OFC. Quantitative agreement was assessed
by Spearman rank correlation (p). Qualitative agreement was assessed by Cohen’s kappa
() based on platform-specific sensitization thresholds (>0.35 kUA /L for ImmunoCAP;
>0.30 kUA /L for ALEX2, corresponding to the manufacturer’s limit of detection). For
different cohorts, predictive performance between platforms was additionally compared
using the paired DeLong test, with bootstrap 95% CI for AAUC (2000 iterations).

Specific IgE measurements on the ALEX2 platform were reported with a lower limit
of detection (LOD) of 0.10 kUA /L; a sensitization threshold of >0.30 kUA /L was applied
for qualitative classification. For patients with ALEX2 values below the LOD, a value of
0.10 kUA /L was imputed for all quantitative analyses. For InmunoCAP, the manufacturer-
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defined sensitization threshold of >0.35 kUA /L was used for qualitative classification;
however, as this platform reports absolute values below this threshold, all available nu-
merical results including sub-threshold values were retained and used in quantitative
statistical analyses.

3. Results

3.1. Baked Milk Allergy
3.1.1. Patient Characteristics

A total of 42 children of Caucasian ethnicity with suspected CM allergy underwent
OFC to baked milk, of whom 13 (31.0%) had a positive challenge (OFC+) and 29 (69.0%)
tolerated the baked milk product (OFC—). The two groups did not differ significantly
in age, sex and atopic comorbidities distribution, apart from allergic rhinitis, which was
more frequent in OFC— than OFC+ patients (65.5% vs. 30.8%; p = 0.049) (Table 2). Past
anaphylaxis was reported in 53.8% of OFC+ and 44.8% of OFC— patients (p = 0.741); a past
allergic reaction to milk was reported in 76.9% vs. 55.2% (p = 0.303). According to WAO
grades, severity of reaction in the 13 OFC+ patients was as follows: grade I (n =1), I (n = 8),
III (n = 3), and IV (n = 1); and according to Btazowski grades: I (n =7), Il (n = 5), and III
(n =1). Epinephrine was administered in nine (69.2%) individuals.

Table 2. Basic characteristics of children undergoing OFC to baked milk.

Characteristic Total Group (n=42)1 OFC+(=13)! OFC— (=291 p-Value?
Age, median (IQR) 6.1 (3.1-9.5) 5.4 (3.1-6.6) 6.7 (3.5-10.3) 0.301
Gender 0.163
Male 27 (64.3%) 6 (46.2%) 21 (72.4%)
Female 15 (35.7%) 7 (53.8%) 8 (27.6%)
Atopic dermatitis, 1 (%) 27 (64.3%) 9 (69.2%) 18 (62.1%) 0.739
Allergic rhinitis, n (%) 23 (54.8%) 4 (30.8%) 19 (65.5%) 0.049
Asthma, 1 (%) 16 (38.1%) 5 (38.5%) 11 (37.9%) >0.999
Other food allergies, 1 (%) 35 (83.3%) 10 (76.9%) 25 (86.2%) 0.657
Past allergic reaction to milk, n (%) 26 (61.9%) 10 (76.9%) 16 (55.2%) 0.303
Allergic reaction within 1 year, n (%) 5 (11.9%) 2 (15.4%) 3 (10.3%) 0.637
Past anaphylaxis, 1 (%) 20 (47.6%) 7 (53.8%) 13 (44.8%) 0.741

1 Median (IQR) for age; 1 (%) for categorical variables. > Comparison between OFC+ and OFC—. Mann-Whitney
U test for age; Fisher’s exact test for categorical. Bold formatting was used to highlight statistically significant
differences between the evaluated parameters.

3.1.2. Diagnostic Performance of sIgE and SPT in Predicting OFC Outcomes to Baked Milk

The sIgE measurements significantly differentiated OFC outcomes, in contrast to SPT
results (Table 3).

Neither results of SPT to raw milk nor SPT to commercial extract significantly differed
between OFC+ and OFC— patients. The strongest discriminatory performance was ob-
served for casein- and milk extract-sIgE measured by ImmunoCAP, with markedly higher
concentrations in OFC+ patients (median 13.64 vs. 3.04 kUA /L, p = 0.001 for casein-sIgE;
20.55 vs. 5.60 KUA /L, p = 0.007 for milk extract-sIgE). Total IgE levels did not differ between
groups, and normalization sIgE to total IgE did not improve discrimination (Table S1).

Consistently, analysis of predictive performance (Table 4) confirmed that casein- and
milk extracts-sIgE showed the highest diagnostic accuracy. Casein-sIgE achieved the
highest AUC (0.842, 95% C1 0.709-0.975), with an optimal cut-off of 5.27 kUA /L (100% sen-
sitivity, 62% specificity; PPV 53%, NPV 100%). The PPV >95% threshold was 22.14 kUA/L,
while the NPV >90% cut-off was 7.44 kUA /L. Milk extract-sIgE demonstrated slightly
lower but still good performance (AUC 0.805, 95% CI 0.651-0.959), with an optimal cut-
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off of 6.18 KUA/L (100% sensitivity, 57% specificity; PPV 53%, NPV 100%). The NPV
>90% threshold was 7.59 kUA /L, whereas a PPV >95% cut-off could not be established.
Although several ALEX2-derived component-sIgE measurements differed significantly
between OFC+ and OFC— patients, the overall diagnostic performance of the ALEX2
platform was inferior to that of ImmunoCAP.

Table 3. Comparison of SPT and sIgE results in children with positive and negative OFC outcome to
baked milk.

Parameter ! OFC+ (n=13) 2 OFC— (n=29) 2 p-Value
SPT raw milk 10.00 (9.00-17.00) 10.00 (7.00-12.00) 0.142
SPT milk extract 7.00 (5.00-12.00) 6.00 (5.00-8.00) 0.197
sIgE milk extract InmunoCAP 20.55 (10.48-40.72) 5.60 (3.03-12.30) 0.007
sIgE «-lactalbumin ImmunoCAP 10.40 (2.06-31.60) 3.44 (0.20-8.50) 0.142
sIgE B-lactoglobulin ImmunoCAP 3.28 (2.00-17.50) 0.30 (0.10-1.90) 0.015
sIgE casein ImnmunoCAP 13.64 (8.56-22.83) 3.04 (0.67-7.57) 0.001
sIgE milk extract ALEX2 8.63 (5.33-11.61) 2.93 (1.16-6.61) 0.010
sIgE a-lactalbumin ALEX2 4.06 (0.68-17.53) 1.69 (0.10-6.13) 0.358
sIgE B-lactoglobulin ALEX2 3.86 (1.61-6.12) 0.47 (0.10-2.48) 0.026
sIgE casein ALEX2 7.00 (5.85-9.85) 3.14 (2.09-6.14) 0.024

1 Sizes of SPT are given as mm, values of sIgE are given as kUA /L. 2 Median (IQR). Bold formatting was used to
highlight statistically significant differences between the evaluated parameters.

3.1.3. Two-Predictor Logistic Regression Models

Two-predictor logistic regression models combining two predictors showed improved
discriminative ability compared with single markers, with optimism-corrected AUC values
ranging from 0.59 to 0.89. The best-performing models consistently involved ImmunoCAP-
derived casein-sIgE, often in combination with either sIgE to other components or SPT
results. These combined models achieved higher AUCs than individual tests, suggesting
additive diagnostic value when integrating complementary parameters. However, the
improvement was moderate (Table 52).

3.2. Raw Milk Allergy
3.2.1. Patient Characteristics

A total of 43 children of Caucasian ethnicity with suspected raw milk allergy were
included, of whom 18 (41.9%) had an OFC+ and 25 (58.1%) an OFC—. The two groups did
not differ significantly in age, sex distribution, or comorbid atopic conditions. Tolerance to
baked milk was documented in 88.2% of OFC+ and 88.8% of OFC— patients (p > 0.999),
indicating that the study cohort was dominated by the baked-milk-tolerant phenotype.
A past allergic reaction to raw milk was reported more frequently in the OFC+ group
(66.7% vs. 40.0%; p = 0.124), while a recent allergic reaction within one year was observed
exclusively in the OFC— group (16.7% vs. 0%; p = 0.122); however, results did not reach
statistical significance. Past anaphylaxis was reported in 33.3% of OFC+ and 44.0% of
OFC— patients (p = 0.530). According to WAO grades, severity of reaction in the 18 OFC+
patients was as follows: grade I (n = 8), I (n =9), and III (n = 1); and according to Btazowski
grades: I (n = 9) and II (n = 9). Epinephrine was administered in five (27.8%) individuals.
Patient characteristics are summarized in Table 5.
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Table 4. Predictive performance of single parameters for positive OFC to baked milk.

Predictor

AUC

Cut-Off *

Se

Sp

PPV

NPV

LR+

PPV
> 95% Cut-Off

NPV
> 90% Cut-Off

sIgE casein
ImmunoCAP
sIgE milk extract
ImmunoCAP
sIgE milk extract ALEX2
sIgE B-lactoglobulin
ImmunoCAP
sIgE casein ALEX2
sIgE B-lactoglobulin ALEX2

0.842 (0.709-0.975)

0.805 (0.651-0.959)
0.793 (0.635-0.951)
0.783 (0.615-0.950)

0.757 (0.576-0.938)
0.752 (0.561-0.944)

5.27 (5.27-19.90)

6.18 (6.18-25.20)
3.12 (3.12-10.45)
2.00 (0.22-17.50)

5.56 (2.31-7.06)
1.19 (1.19-6.55)

100% (69-100)

100% (69-100)
100% (69-100)
78% (40-97)

80% (44-97)
90% (55-100)

62% (41-81)

57% (34-78)
52% (30-74)
74% (52-90)

71% (48-89)
62% (38-82)

53% (29-76)

53% (29-76)
50% (27-73)
54% (25-81)

57% (29-82)
53% (28-77)

100% (78-100)

100% (74-100)
100% (72-100)
89% (67-99)

88% (64-99)
93% (66-100)

2.67

2.33
2.10
2.98

2.80
2.36

22.14 (14.80-41.20)

53.70 (10.86-54.25)

20.92 (4.46-22.96)

7.44 (4.17-22.14)

7.59 (5.11-23.70)
4.26 (2.67-10.36)
0.44 (0.17-34.83)

3.15 (1.23-6.76)
0.94 (0.81-4.47)

AUC: area under ROC curve (95% CI, DeLong). Youden cut-off: threshold maximizing Youden index, with bootstrap 95% CI (2000 runs). PPV > 95% cut-off: lowest threshold achieving
positive predictive value > 95% (rule-in), with bootstrap 95% CI. NPV > 90% cut-off: highest threshold achieving negative predictive value > 90% (rule-out), with bootstrap 95% CI. *-/
indicates target PPV or NPV was not achievable in this dataset. PPV and NPV are prevalence-dependent and should not be extrapolated to populations with substantially different
disease prevalence. Se: sensitivity; Sp: specificity; LR+: positive likelihood ratio. All proportions with Wilson 95% CI. * proposed thresholds should be regarded as exploratory rather
than definitive clinical decision points.
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Table 5. Basic characteristics of children undergoing OFC to raw milk.

Characteristic Total Group (n=43)1  OFC+ (n=18)1 OFC— (n=25)"1 p-Value 2
Age, median (IQR) 6.0 (3.8-8.1) 5.9 (3.5-10.3) 6.1 (3.8-7.5) 0.694
Gender 0.731
Male 31 (72.1%) 14 (77.8%) 17 (68.0%)
Female 12 (27.9%) 4 (22.2%) 8 (32.0%)
Atopic dermatitis, 1 (%) 21 (48.8%) 10 (55.6%) 11 (44.0%) 0.543
Allergic rhinitis, n (%) 19 (45.2%) 9 (52.9%) 10 (40.0%) 0.531
Asthma, n (%) 19 (44.2%) 9 (50.0%) 10 (40.0%) 0.550
Other food allergies (different than milk), n (%) 31 (72.1%) 14 (77.8%) 17 (68.0%) 0.731
Tolerance to baked milk, n (%) 38 (88.4%) 16 (88.8%) 22 (88.0%) >0.999
Allergic reaction within one year, n (%) 4 (9.5%) 0 (0.0%) 4 (16.7%) 0.122
Past allergic reaction to raw milk, n (%) 22 (51.2%) 12 (66.7%) 10 (40.0%) 0.124
Anaphylactic reaction, 1 (%) 17 (40.5%) 6 (33.3%) 11 (44.0%) 0.539

1 Median (IQR) for age; 1 (%) for categorical variables. > Comparison between OFC+ and OFC—. Mann-Whitney
U test for age; Fisher’s exact test for categorical.

3.2.2. Diagnostic Performance of sIgE and SPT in Predicting OFC Outcomes to Raw Milk

Both sIgE and SPT contributed to differentiating OFC outcomes to raw milk, although
their diagnostic utility varied (Table 6). In contrast to baked milk, results of SPT to raw
milk showed a significant difference between OFC+ and OFC— patients, with larger wheal
diameters observed in the OFC+ group, while results of SPT to commercial extract did not
differentiate between groups.

Table 6. Comparison of SPT and sIgE results in children with positive and negative OFC outcome to

raw milk.

Parameter ! OFC+ (1 =18) 2 OFC— (n = 25) 2 p-Value
SPT raw milk 8.00 (5.00-10.00) 5.00 (4.00-7.00) 0.0355
SPT milk extract 4.00 (3.00-5.75) 4.00 (0.00-5.00) 0.533
sIgE milk extract ImmunoCAP 5.85 (3.40-7.32) 1.83 (0.58-5.12) 0.0284
sIgE a-lactalbumin ImmunoCAP 3.48 (0.37-5.81) 0.14 (0.04-0.80) 0.0206
sIgE B-lactoglobulin ImmunoCAP 1.24 (0.14-3.54) 0.23 (0.13-1.34) 0.226
sIgE casein ImmunoCAP 2.29 (0.63-4.41) 0.80 (0.35-2.54) 0.107
sIgE milk extract ALEX2 1.00 (0.66-2.88) 0.40 (0.10-1.07) 0.132
sIgE o-lactalbumin ALEX2 1.20 (0.10-4.36) 0.10 (0.10-0.66) 0.114
sIgE B-lactoglobulin ALEX2 1.41 (0.43-2.40) 0.22 (0.10-1.35) 0.027
sIgE casein ALEX2 0.51 (0.21-3.72) 0.35 (0.10-0.94) 0.187

1 Sizes of SPT are given as mm, values of sIgE are given as kUA/L. 2 Median (IQR). Bold formatting was used to
highlight statistically significant differences between the evaluated parameters.

Among the InmunoCAP parameters, the results of milk extract-sIgE and a-lactalbumin-
sIgE differed significantly between OFC+ and OFC— patients, with higher levels observed
in the OFC+ group. In contrast, differences in results of 3-lactoglobulin- and casein-sIgE did
not reach statistical significance. On the ALEX2 platform, only results of 3-lactoglobulin-
sIgE showed a significant difference between groups, while the differences in results of sIgE
to other components demonstrated only non-significant trends. Total IgE levels did not
differ significantly between groups, and normalization sIgE to total IgE did not improve
discrimination (Table S3).

Consistently, analysis of predictive performance (Table 7) indicated moderate di-
agnostic accuracy of the evaluated markers. The highest AUC values were observed
for B-lactoglobulin-sIgE measured by ALEX2 (AUC 0.733, 95% CI 0.548-0.918) and o-
lactalbumin-sIgE measured by ImmunoCAP (AUC 0.726, 95% CI 0.550-0.903), followed by
milk extract-sIgE assessed by ImmunoCAP (AUC 0.714, 95% CI 0.541-0.888). SPT to raw
milk showed slightly lower performance (AUC 0.692, 95% CI 0.527-0.857).
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Table 7. Predictive performance of single parameters for positive OFC to raw milk.
PPV > 95% NPV > 90%
. Off * > >
Predictor AUC Cut-Off Se Sp PPV NPV LR+ Cut-Off Cut-Off

sIgE 3 -lactoglobulin ALEX2 0.733 (0.548-0.918) 0.28 (0.28-2.40) 85% (55-98) 58% (33-80) 58% (33-80) 85% (55-98) 2.01 5.49 (1.75-7.16) -
sIgE o-lactalbumin ImmunoCAP 0.726 (0.550-0.903) 2.83 (0.30—4.51) 56% (30-80) 90% (70-99) 82% (48-98) 73% (52-88) 591 - 0.03 (0.02-2.05)
sIgE milk extract IC 0.714 (0.541-0.888)  3.03 (1.06-6.10) 81% (54-96) 71% (48-89) 68% (43-87) 83% (59-96) 2.84 24.55 (6.67-24.55) 0.24 (0.20-3.26)

SPT raw milk 0.692 (0.527-0.857)  10.00 (5.00-12.00) 47% (23-72) 84% (64-95) 67% (35-90) 70% (51-85) 2.94 13.50 (11.00~15.00) -

AUC: area under ROC curve (95% CI, DeLong). Youden cut-off: threshold maximizing Youden index, with bootstrap 95% CI (2000 runs). PPV > 95% cut-off: lowest threshold achieving
positive predictive value > 95% (rule-in), with bootstrap 95% CI. NPV > 90% cut-off: highest threshold achieving negative predictive value > 90% (rule-out), with bootstrap 95% CI.
‘-" indicates target PPV or NPV was not achievable in this dataset. PPV and NPV are prevalence-dependent and should not be extrapolated to populations with substantially different

disease prevalence. Se: sensitivity; Sp: specificity; LR+: positive likelihood ratio. All proportions with Wilson 95% CI. * proposed thresholds should be regarded as exploratory rather
than definitive clinical decision points.

https://doi.org/10.3390/nu18132157


https://doi.org/10.3390/nu18132157

Nutrients 2026, 18, 2157

11 of 28

Optimal Youden cut-offs were identified at 0.28 kUA/L for -lactoglobulin-sIgE
(ALEX2), 2.83 kUA/L for a-lactalbumin-sIgE, 3.03 kUA/L for milk extract-sIgE (both
ImmunoCAP), and 10 mm for SPT to raw milk. o«-lactalbumin-sIgE demonstrated the
highest specificity (90%) and positive likelihood ratio (LR+ 5.91), supporting its potential as
a rule-in parameter. Milk extract-sIgE showed a more balanced sensitivity and specificity
profile (81% and 71%, respectively), while 3-lactoglobulin-sIgE (ALEX2) was characterized
by high sensitivity (85%) but lower specificity (58%). SPT to raw milk, despite relatively
high specificity (84%), had limited sensitivity (47%).

High rule-in thresholds (PPV > 95%) were identified for 3-lactoglobulin-sIgE (ALEX2;
5.49 kUA /L), milk extract-sIgE (24.55 kUA /L), and SPT to raw milk (13.5 mm), whereas
rule-out thresholds (NPV > 90%) were achieved only for x-lactalbumin-sIgE and milk
extract-sIgE at low levels.

3.2.3. Two-Predictor Logistic Regression Models

Two-predictor logistic regression models showed modest improvement over single
parameters, with optimism-corrected AUC values ranging from 0.54 to 0.73. The best-
performing models consistently included -lactoglobulin-sIgE as a key component-sIgE,
particularly in combination with other sIgE markers (e.g., a-lactalbumin or milk extract on
ALEX2) or with SPT to raw milk. Models combining two ALEX2-derived components-sIgE
ranked highest, suggesting complementary value of paired whey-protein sensitization
profiles. However, overall discrimination remained moderate, and no model achieved a
predicted probability >0.95, indicating that none could reliably replace OFC (Table 54).

3.3. Agreement Between ALEX2 and ImmunoCAP Platforms—Milk Cohorts

Platform agreement was assessed in the combined raw milk and baked milk cohort
(n = 85; 52-53 patients with paired measurements per component; Figure 1, Table S5).
Quantitative agreement was strong for all four components (Spearman p = 0.783-0.899;
all p < 0.001). The results of a-lactalbumin-sIgE and 3-lactoglobulin-sIgE levels showed
almost perfect agreement (k = 0.840 and k = 0.802, respectively; concordance 92.3% and
90.4%), with only minimal discordance between platforms. In contrast, agreement for
results of casein-sIgEs was only moderate (k = 0.385; concordance 77.4%), with 11 patients
classified as sensitized on ImmunoCAP but not on ALEX2 and only 1 in the opposite
direction—indicating systematic ALEX2 underestimation of casein sensitization near the
threshold. The results of milk extract-sIgEs showed intermediate qualitative agreement
(k = 0.484; concordance 84.6%), with all eight discordant cases again attributable to
ImmunoCAP-only classification.

Predictive performance of each parameter for OFC outcome did not differ significantly
between platforms in either cohort (Tables S6 and S7). In the raw milk cohort, AAUC ranged
from —0.053 to +0.091 across components-sIgEs (all p > 0.18). In the baked milk cohort,
AAUC ranged from —0.008 to +0.082 (all p > 0.24), with casein-sIgE showing numerically
higher AUC on ALEX2 (0.912 vs. 0.853; p = 0.297) but without statistical significance. All
confidence intervals for AAUC included zero.
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Figure 1. Quantitative and qualitative agreement between ALEX2 and ImmunoCAP for cow’s milk
extract-sIgEs and molecular components («-lactalbumin, B-lactoglobulin, and casein)-sIgEs in the
combined cohort (baked milk + raw milk, n = 52-53). Each point represents one patient, colored by
OFC outcome (OFC+: red, OFC—: blue). Axes are log-scaled. Dotted lines indicate platform-specific
sensitization thresholds (0.35 kUA /L for InmunoCAP, 0.30 kUA /L for ALEX2). The dashed diagonal
represents the line of perfect agreement. Spearman rho and Cohen’s kappa values are shown in
each panel.

3.4. Boiled Egg Allergy
3.4.1. Patient Characteristics

A total of 54 children of Caucasian ethnicity underwent OFC to boiled egg; 18 (33.3%)
had an OFC+ and 36 (66.7%) tolerated boiled egg. The groups were comparable in age,
sex, and all atopic comorbidities. Tolerance to baked egg was present in 77.8% of OFC+
and 88.9% of OFC— patients (p = 0.418), confirming the predominantly baked-egg-tolerant
phenotype. No patient experienced an allergic reaction to egg in the preceding year. Patient
characteristics are summarized in Table 8. Past anaphylaxis was reported in 33.3% of OFC+
and 30.6% of OFC— patients (p > 0.999); a past allergic reaction to egg was reported in
50.0% vs. 52.8% (p > 0.999). According to WAO grades, severity of reaction in the 18
OFC+ patients was as follows: grade I (n = 6), II (n = 10), and III (n = 2); and according to
Btazowski grades: I (n = 10), I (n =7), and III (n = 1). Epinephrine was administered in 15
(83.3%) individuals.
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Table 8. Basic characteristics of children undergoing OFC to boiled egg.
Characteristic Total Group (1 = 54) 1 OFC+ (n=18)1 OFC— (n=36)"1 p-Value 2

Age, median (IQR) 5.8 (3.3-8.9) 5.8 (4.0-8.9) 5.4 (3.3-9.5) 0.797
Gender 0.339

Male 40 (74.1%) 15 (83.3%) 25 (69.4%)

Female 14 (25.9%) 3 (16.7%) 11 (30.6%)
Atopic dermatitis, 1 (%) 35 (64.8%) 11 (61.1%) 24 (66.7%) 0.766
Allergic rhinitis, n (%) 24 (44.4%) 9 (50.0%) 15 (41.7%) 0.577
Asthma, n (%) 18 (33.3%) 7 (38.9%) 11 (30.6%) 0.556
Other food allergies, 1 (%) 45 (83.3%) 15 (83.3%) 30 (83.3%) >0.999
Tolerance to baked egg, 1 (%) 46 (85.2%) 14 (77.8%) 32 (88.9%) 0.418
Past allergic reaction to egg, 1 (%) 28 (51.9%) 9 (50.0%) 19 (52.8%) >0.999
Allergic reaction within one year, 1 (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) >0.999
Past anaphylaxis, # (%) 17 (31.5%) 6 (33.3%) 11 (30.6%) >0.999

1 Median (IQR) for age; 1 (%) for categorical variables. > Comparison between OFC+ and OFC—. Mann-Whitney
U test for age; Fisher’s exact test for categorical.

3.4.2. Diagnostic Performance of sIgE and SPT in Predicting OFC Outcomes to Boiled Egg

All methods—SPT to commercial extracts, SPT to raw egg white, raw egg yolk, and
sIgE measurements—contributed to differentiation of OFC outcomes to boiled egg, al-
though their relative performance varied by method and allergen (Table 9). Significant
differences between OFC+ and OFC— patients showed SPTs to raw egg white, raw egg
yolk, and SPTs to commercial egg yolk extract, whereas SPT to commercial egg white
extract did not discriminate between groups.

Table 9. Comparison of SPT and sIgE results in children with positive and negative OFC outcome to
boiled egg.

Parameter ! OFC+ (n=18) 2 OFC— (n = 36) 2 p-Value
SPT egg white extract 5.00 (4.00-6.00) 5.00 (3.00-7.00) 0.535
SPT egg yolk extract 4.50 (3.00-6.00) 3.00 (0.00-5.00) 0.042
SPT egg white raw 10.00 (9.00-15.00) 8.00 (6.00-10.00) 0.010
SPT egg yolk raw 5.00 (3.50-7.50) 2.00 (0.00-5.00) 0.010
sIgE egg extract InmunoCAP 3.26 (1.43-5.98) 1.07 (0.66-2.46) 0.121
sIgE egg white ImmunoCAP 2.34 (1.12-6.51) 0.93 (0.43-1.88) 0.078
sIgE egg yolk InmunoCAP 1.08 (0.49-2.56) 0.24 (0.17-0.69) 0.072
sIgE egg white extract ALEX2 4.72 (2.17-8.06) 0.49 (0.27-3.12) 0.012
sIgE egg yolk extract ALEX2 0.26 (0.16-0.82) 0.11 (0.10-0.23) 0.023
sIgE ovomucoid ALEX2 1.35 (0.70-5.12) 0.21 (0.10-1.14) 0.022
sIgE ovalbumin ALEX2 1.53 (0.77-5.10) 0.45 (0.10-2.23) 0.035
sIgE ovotransferrin ALEX2 0.48 (0.10-1.59) 0.10 (0.10-0.43) 0.074

1 Sizes of SPT are given as mm, values of sIgE are given as kUA /L. 2 Median (IQR). Bold formatting was used to
highlight statistically significant differences between the evaluated parameters.

ImmunoCAP measurements demonstrated consistent but non-significant trends to-
ward higher sIgE levels to different allergens in OFC+ patients for egg extract, egg white,
and egg yolk. In contrast, ALEX2 measurements showed significant differences for sIgE
levels to multiple components, including egg white extract, ovomucoid, egg yolk extract,
and ovalbumin. The results of sIgE measurements to such components as lysozyme and
serum albumin were excluded due to a high proportion of non-informative results. Ratio
of tIgE to sIgE did not improve discrimination between the groups (Table S8).

Consistently, analysis of predictive performance (Table 10) confirmed moderate diag-
nostic accuracy across parameters, with seven out of twelve showing statistically significant
discrimination. The highest AUC values were observed for SPT to raw egg yolk (AUC
0.738, 95% CI 0.586-0.890), egg white extract-sIgE measured by ALEX2 (AUC 0.735, 95% CI
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0.576-0.894), SPT to raw egg white (AUC 0.725, 95% CI 0.580-0.870), and ovomucoid-sIgE
(ALEX2; AUC 0.713, 95% CI 0.543-0.882). Additional parameters, including egg yolk
extract-sIgE (AUC 0.709), ovalbumin-sIgE (AUC 0.698), and SPT to commercial egg yolk
extract (AUC 0.681), showed slightly lower but acceptable performance.

For clinical rule-in (PPV > 95%), high cut-off values were identified exclusively for
ALEX2-derived sIgE parameters, including egg white extract-sIgE, ovomucoid-sIgE, and
ovalbumin-sIgE (all approximately >15.7-15.9 kKUA/L). In contrast, rule-out thresholds
(NPV >90%) were achieved only for SPT parameters, specifically for raw egg white
(£6.5mm) and raw egg yolk (<1.0 mm). Overall, these findings suggest complemen-
tary roles of SPT and sIgE, with ALEX2-derived component testing providing the strongest
rule-in capacity, and SPT offering limited but clinically relevant rule-out utility.

3.4.3. Two-Predictor Logistic Regression Models

In contrast, two-predictor logistic regression models demonstrated modest improve-
ments in discrimination compared with single parameters, with the best-performing models
combining SPTs and ALEX2-derived sIgE measurements. The top model (SPT to commer-
cial egg white extract + sIgE to egg white extract measured by ALEX2 platform) achieved
an optimism-corrected AUC of 0.778, representing a small gain over the best single pre-
dictor. Similar incremental improvements were observed for models combining SPT to
egg yolk extract or ovomucoid-sIgE. However, despite these gains, overall model perfor-
mance remained moderate, and no combination reliably identified patients with a predicted
probability of OFC positivity > 95% (Table S9).

3.5. Baked Egg Allergy
3.5.1. Patient Characteristics

A total of 54 children of Caucasian ethnicity underwent OFC to baked egg; 15 (27.8%)
had an OFC+ and 39 (72.2%) tolerated baked egg. The groups did not differ significantly
in age, sex or prevalence of atopic comorbidities. A past allergic reaction to egg was
reported in 73.3% of OFC+ and 61.5% of OFC— patients (p = 0.532). Past anaphylaxis was
significantly more frequent in OFC+ than OFC— patients (60.0% vs. 17.9%; p = 0.006). An
allergic reaction to egg within the preceding year was reported in 6.7% of OFC+ and 2.6%
of OFC— patients (p = 0.482). Patient characteristics are summarized in Table 11. According
to WAO grade, severity of reaction in the 15 OFC+ patients was as follows: grade I (n = 4),
II (n = 10), and III (n = 1); and according to Btazowski grades: I (n =7), II (n = 8), and III
(n =1). Epinephrine was administered in four (25%) individuals.

3.5.2. Diagnostic Performance of sIgE and SPT in Predicting OFC Outcomes to Baked Egg

Both SPTs and sIgE measurements contributed to differentiation of OFC outcomes
to baked egg, although their performance varied by method (Table 12). Among SPT
parameters, only SPT to commercial egg white extract significantly distinguished OFC+
from OFC — patients, while SPT to raw egg white and raw egg yolk showed only borderline
trends, and SPT to egg yolk extract was not discriminatory.

ImmunoCAP measurements did not reach statistical significance for any parameter,
despite consistently higher sIgE levels to various components in OFC+ patients. In contrast,
the analysis of sIgE results measured by ALEX2 platform showed significant differences
for levels of ovalbumin-sIgE, ovotransferrin-sIgE, egg white extract-sIgE, and egg yolk
extract-sIgE, while differences in levels of ovomucoid-sIgE showed a non-significant trend.
The results of lysozyme-sIgE and serum albumin-sIgE were excluded from the analysis
due to a high proportion of non-informative results. Total IgE levels did not differ between
groups, and normalization sIgE to total IgE did not improve discrimination (Table S10).
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Table 10. Predictive performance of single parameters for positive OFC to boiled egg.
> 0,
Predictor AuC Cut-Off * Se Sp PPV NPV LR+ PPV >95% CutOff e o0
SPT egg yolk raw 0.738 (0.586-0.890)  4.00 (2.00-7.00)  73% (45-92)  69% (49-85)  55% (32-77) 83% (63-95) 2.36 15.50 (6.50-15.50) 1.0 (1.00-4.00)
sIgE egg white . o o _ o . o . 0 _ _ .

S LB 0.735 (0.576-0.894)  3.36 (0.25-7.82)  69% (41-89)  76% (55-91)  65% (38-86) 79% (58-93) 2.86 15.82 (6.83-15.82)  0.23 (0.17-3.59)

SPT egg white raw 0.725 (0.580-0.870)  8.00 (7.00-15.00)  88% (64-99)  48% (31-66)  47% (29-65) 89% (65-99) 171 - 6.50 (2.00-9.50)
sIgE ovomucoid ALEX2  0.713 (0.543-0.882)  0.46 (0.46-4.87)  81% (54-96)  60% (39-79)  57% (34-77) 83% (59-96) 2.03 15.72 (2.96-19.12) -
sIgE eggﬁ’&l;e"trm 0.709 (0.544-0.873)  0.16 (0.16-1.16)  81% (54-96)  64% (43-82) 59% (36-79) 84% (60-97) 2.26 - -
sIgE ovalbumin ALEX2 ~ 0.698 (0.532-0.863)  0.45 (0.16-5.50)  88% (62-98)  48% (28-69)  52% (32-71) 86% (57-98) 1.68 15.88 (3.26-15.88) -
SPT egg yolk extract  0.681 (0.517-0.846)  4.00 (1.00-7.00)  62% (35-85)  70% (51-85)  53% (29-76) 78% (58-91) 2.08 6.50 (6.50-15.50) -

AUC: area under ROC curve (95% CI, DeLong). Youden cut-off: threshold maximizing Youden index, with bootstrap 95% CI (2000 runs). PPV > 95% cut-off: lowest threshold achieving
positive predictive value > 95% (rule-in), with bootstrap 95% CI. NPV > 90% cut-off: highest threshold achieving negative predictive value > 90% (rule-out), with bootstrap 95% CI.
‘-" indicates target PPV or NPV was not achievable in this dataset. PPV and NPV are prevalence-dependent and should not be extrapolated to populations with substantially different
disease prevalence. Se: sensitivity; Sp: specificity; LR+: positive likelihood ratio. All proportions with Wilson 95% CI. * proposed thresholds should be regarded as exploratory rather
than definitive clinical decision points.
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Table 11. Basic characteristics of children undergoing OFC to baked egg.
Characteristic Total Group (1 = 54) 1 OFC+ (n=15)1 OFC— n=39)1 p-Value 2
Age, median (IQR) 5.3 (3.4-7.8) 5.4 (3.3-8.3) 5.3 (3.4-7.7) 0.954
Gender >0.999
Male 34 (63.0%) 10 (66.7%) 24 (61.5%)
Female 20 (37.0%) 5 (33.3%) 15 (38.5%)
Atopic dermatitis, 1 (%) 35 (64.8%) 13 (86.7%) 22 (56.4%) 0.056
Allergic rhinitis, n (%) 33 (61.1%) 13 (86.7%) 20 (51.3%) 0.028
Asthma, n (%) 22 (40.7%) 9 (60.0%) 13 (33.3%) 0.121
Other food allergies, 1 (%) 47 (87.0%) 15 (100.0%) 32 (82.1%) 0.171
Past allergic reaction to egg, 1 (%) 35 (64.8%) 11 (73.3%) 24 (61.5%) 0.532
Allergic reaction within one year, 1 (%) 2 (3.7%) 1 (6.7%) 1 (2.6%) 0.482
Past anaphylaxis, 1 (%) 16 (29.6%) 9 (60.0%) 7 (17.9%) 0.006

1 Median (IQR) for age; 1 (%) for categorical variables. 2 Comparison between OFC+ and OFC—. Mann-Whitney
U test for age; Fisher’s exact test for categorical. Bold formatting was used to highlight statistically significant
differences between the evaluated parameters.

Table 12. Comparison of SPT and sIgE results in children with positive and negative OFC outcome to

baked egg.

Parameter ! OFC+ (n=15) 2 OFC— (1 = 39) 2 p-Value
SPT egg white extract 11.00 (8.00-15.00) 7.00 (5.00-9.00) 0.005
SPT egg yolk extract 7.00 (4.00-9.00) 5.00 (3.50-6.00) 0.267
SPT egg white raw 13.00 (12.75-16.25) 12.00 (10.00-15.00) 0.196
SPT egg yolk raw 7.50 (6.00-11.25) 5.00 (3.75-9.00) 0.059
sIgE egg extract InmunoCAP 11.85 (7.21-17.58) 7.42 (2.66-22.93) 0.461
sIgE egg white InmunoCAP 10.25 (7.16-15.33) 5.14 (1.96-18.95) 0.369
sIgE egg yolk InmunoCAP 453 (2.75-6.74) 2.15 (0.66—4.75) 0.096
sIgE egg white extract ALEX2 13.92 (9.48-21.68) 5.64 (2.75-10.16) 0.028
sIgE egg yolk extract ALEX2 1.26 (0.67-1.88) 0.57 (0.10-1.25) 0.042
sIgE ovomucoid ALEX2 7.58 (5.05-23.12) 2.84 (0.33-6.12) 0.078
sIgE ovalbumin ALEX2 10.09 (9.12-26.33) 3.98 (0.91-5.87) 0.004
sIgE ovotransferrin ALEX2 4.57 (1.03-6.50) 0.87 (0.14-2.19) 0.026

1 Sizes of SPT are given as mm, values of sIgE are given as kUA /L. 2 Median (IQR). Bold formatting was used to
highlight statistically significant differences between the evaluated parameters.

Analysis of predictive performance (Table 13) confirmed moderate to good diagnostic
accuracy, with six of twelve parameters showing significant discrimination. The strongest
predictor was sIgE to ovalbumin measured by ALEX2 (AUC 0.853, 95% CI 0.718-0.988),
followed by sIgE to ovotransferrin (AUC 0.772, 95%C1 0.568-0.977), SPT to white extract
(AUC 0.762, 95%CI 0.602-0.922), and sIgE to egg white extract in ALEX2 (AUC 0.754,
95%CI 0.558-0.950). SPT to raw egg yolk (AUC 0.719, 95%CI 0.553-0.884) and sIgE to egg
yolk extract ALEX2 (AUC 0.736, 95%CI 0.555-0.916) provided additional significant but
lower discrimination.

For clinical rule-in (PPV > 95%), cut-offs were identified for three parameters. The
optimal cut-off for egg white extract-sIgE measured using the ALEX2 platform was
>26.27 KUA /L, corresponding to a PPV of >95%. The cut-off value for the size of SPT
to raw egg yolk of >23.0 mm achieved a PPV of >95%. Similarly, an SPT wheal di-
ameter of >15.5 mm for commercial egg white extract achieved a PPV of >95%. In
contrast, ovalbumin-sIgE measured using the ALEX2 platform did not achieve a PPV of
>95% at any threshold despite its high AUC, as both OFC-positive and OFC-negative
groups included patients with very high values, precluding the identification of a purely
discriminatory cut-off.
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Table 13. Predictive performance of single parameters for positive OFC to baked egg.

Predictor AUC Cut-Off * Se Sp PPV NPV LR+ PPV > 95% Cut-Off Ny e

sIgE ovalbumin ALEX2 0.853 (0.718-0.988) 874 (496-21.71)  86% (42-100)  84% (67-95) 55% (23-83) 96% (82-100) 5.49 - 9.25 (4.75-32.08)
sIgE ovotransferrin ALEX2  0.772 (0.568-0.977) 4.57 (0.55-7.47) 57% (18-90)  97% (84-100) 80% (28-99) 91% (76-98) 18.29 - 450 (0.44-5.95)
SPTeexgtfa‘é“th“e 0.762 (0.602-0.922) 10.00 (6.00-14.00)  69% (39-91) 81% (65-92) 56% (30-80) 88% (73-97) 3.66 15.50 (15.50-17.50) 5.50 (4.50-13.00)

sIgE egg white o o o o
S LEXs 0.754 (0.558-0.950) 929 (9.29-22.05)  88% (47-100)  65% (45-81) 39% (17-64) 95% (76-100) 247 26.27 (20.98-26.27) 9.01 (2.08-26.27)
sIgE egﬁg&ée’“mt 0.736 (0.555-0.916) 039 (0.39-1.82)  100% (63-100)  45% (27-64) 32% (15-54) 100% (77-100) 1.82 . 0.61 (0.29-2.38)
SPT egg yolk raw 0.719 (0.553-0.884) 6.00 (5.00-11.00)  88% (47-100)  59% (41-76) 35% (15-59) 95% (75-100) 2.15 23.00 (19.50-23.00) 5.50 (4.50-23.00)

AUC: area under ROC curve (95% CI, DeLong). Youden cut-off: threshold maximizing Youden index, with bootstrap 95% CI (2000 runs). PPV > 95% cut-off: lowest threshold achieving
positive predictive value > 95% (rule-in), with bootstrap 95% CI. NPV > 90% cut-off: highest threshold achieving negative predictive value >90% (rule-out), with bootstrap 95% CL.
’-" indicates target PPV or NPV was not achievable in this dataset. PPV and NPV are prevalence-dependent and should not be extrapolated to populations with substantially different
disease prevalence. Se: sensitivity; Sp: specificity; LR+: positive likelihood ratio. All proportions with Wilson 95% CI. * proposed thresholds should be regarded as exploratory rather
than definitive clinical decision points.

https://doi.org/10.3390/nu18132157


https://doi.org/10.3390/nu18132157

Nutrients 2026, 18, 2157

18 of 28

For clinical rule-out (NPV > 90%), cut-off values were established for six parameters,
including ovalbumin-sIgE (<9.25 kUA /L), egg white extract-sIgE (<9.01 kUA/L), egg yolk
extract-sIgE (<0.61 kUA/L; specificity 52%), ovotransferrin-sIgE (<4.50 kKUA /L), SPT to
commercial egg white extract (<5.5 mm), and SPT to raw egg yolk (<5.5 mm).

3.5.3. Two-Predictor Logistic Regression Models

The best-performing multivariable model combined ALEX2-derived ovomucoid-sIgE
and ovalbumin-sIgE (corrected AUC = 0.848) but did not improve upon the performance
of ovalbumin-sIgE alone (AUC = 0.853). No patient reached a predicted OFC+ probability
>90%, indicating that the molecular sensitization profile alone was insufficient to identify
high-risk individuals with clinical certainty. All top models exclusively used ALEX2
components (Table S11).

3.6. Agreement Between ALEX2 and ImmunoCAP Platforms

Platform agreement was assessed in the combined boiled and baked egg cohort
(n = 108; 62 patients with paired measurements) (Table S12, Figure 2). Quantitative agree-
ment between the ALEX2 and ImmunoCAP platforms was strong for both allergen extract-
sIgE measurements (Spearman p = 0.874 for egg white extract-sIgE and p = 0.853 for egg
yolk extract-sIgE; both p < 0.001). In contrast, qualitative agreement was only moderate,
with k = 0.484 for egg white extract-sIgE (87.1% concordance) and k = 0.445 for egg yolk
extract-sIgE (71.0% concordance). A clear asymmetry was observed, with more sensitiza-
tions detected by ImmunoCAP, particularly for egg yolk extract-sIgE.

Egg white extract Egg yolk extract
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Figure 2. Quantitative and qualitative agreement between ALEX2 and ImmunoCAP platforms for
results of egg white extract-sIgE and egg yolk extract-sIgE in the combined cohort (baked egg + boiled
egg, n = 62). Each point represents one patient, colored by OFC outcome (OFC+: red, OFC—: blue).
Axes are log-scaled. Dotted lines indicate platform-specific sensitization thresholds (0.35 kUA /L for
ImmunoCAP, 0.30 kUA/L for ALEX2). The dashed diagonal represents the line of perfect agreement.
Spearman rho and Cohen’s kappa values are shown in each panel.

Despite these differences, predictive performance of each parameter for OFC out-
comes did not differ significantly between platforms in either boiled or baked egg cohorts,
with small and non-significant AAUC values and confidence intervals including zero.
The results of sIgE to molecular components (ovomucoid, ovalbumin, and ovotransfer-
rin) were assessed only by ALEX2 and were not included in the platform comparison
(Tables S13 and S14).
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4. Discussion

The present study corroborates and extends previous meta-analytical evidence re-
garding the diagnostic accuracy of tests for CM and HE allergy [14]. In addition, our
findings provide further insight into phenotype-specific differences and the comparative
performance of various diagnostic approaches. A strength of our study is the broad range
of diagnostic methods performed, including SPT, sIgE measurements, and molecular di-
agnostics using the ALEX2 platform and ImmunoCAP platform, which enabled a more
comprehensive assessment of sensitization profiles. Our results suggest that, although SPT
and sIgE testing remain useful tools in the diagnostic workup of CM and HE allergy, their
diagnostic performance is limited and should be interpreted in the context of the overall
clinical picture.

Cow’s Milk Allergy

Baked Milk Allergy

Recent evidence regarding predictors of baked milk tolerance remains heterogeneous.
In the most recently published systematic review, meta-analysis for baked milk allergy
could not be performed because of insufficient reporting of diagnostic performance mea-
sures across available studies [14]. Existing studies have yielded inconsistent results,
ranging from a lack of statistically significant differences for results of SPT and sIgE mea-
surements directed against milk extracts and molecular components [34,35] to reports
demonstrating significant associations, particularly for casein-sIgE [36,37]. One study
additionally identified superior predictive performance for SPT to raw milk [38].

In our cohort, neither SPT to commercial extract nor SPT to raw milk significantly
differentiated OFC+ from OFC — patients, whereas casein-sIgE demonstrated the strongest
predictive performance. Specifically, casein-sIgE measured by ImmunoCAP achieved the
highest AUC (0.842, 95% CI 0.709-0.975), with an optimal cut-off value of 5.27 KUA/L,
corresponding to 100% sensitivity and 62% specificity (PPV 53%, NPV 100%). Furthermore,
multivariable models incorporating casein-sIgE together with additional sIgE to other com-
ponents and SPT results further improved predictive performance, with optimism-corrected
AUC values reaching approximately 0.86-0.89, comparable to or slightly exceeding val-
ues reported in previous individual studies. A comparable diagnostic performance was
observed for casein-sIgE measured using the ALEX2 platform, which yielded a similar
optimal cut-off value of 5.56 kKUA /L. However, the sensitivity at this threshold was lower
(80%), indicating a reduced ability to identify all patients with baked milk allergy despite
broadly similar overall discriminative performance.

Importantly, these findings are consistent with previous studies conducted in patients
intolerant to raw milk who subsequently underwent baked milk OFCs [39]. In that con-
text, the optimal cut-off for casein-sIgE was reported as 4.68 kUA /L, with 75% sensitivity,
84% specificity, and an AUC of 0.827 [18]. The close concordance between these thresh-
olds and AUC estimates supports the robustness and reproducibility of casein-sIgE as
a key biomarker of baked milk reactivity across different clinical populations and study
designs [19,40].

Raw Milk Allergy

Prediction of raw milk allergy was less accurate, with AUC values ranging from
approximately 0.60 to 0.73 across SPT to commercial extract, SPT to raw milk and sIgE
measurements, including component-resolved diagnostics. In the recent meta-analysis [14],
SPT to raw milk demonstrated consistently higher sensitivity and specificity compared
with SPT to commercial extract, which is in line with our findings, where SPT to raw milk
also showed superior discriminative performance.

In our cohort, whey proteins-sIgE—particularly (3-lactoglobulin-sIgE measured using
the ALEX2 platform and o-lactalbumin-sIgE measured using ImmunoCAP—demonstrated
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greater diagnostic utility for predicting reactivity to raw milk, whereas casein-sIgE appeared
to play a less prominent role. In contrast, in the studies included in the meta-analysis,
casein-sIgE showed higher diagnostic performance, which differs from our observations.
Importantly, the meta-analytic data did not provide information on tolerance to baked
milk, which limits direct comparability with our cohort. Our study population was highly
enriched for patients tolerant to baked milk (approximately 88%), indicating a predomi-
nance of a baked-milk-tolerant phenotype. Based on our findings, we hypothesize that this
subgroup may exhibit distinct sensitization patterns, in which IgE responses to heat-labile
whey proteins (e.g., a-lactalbumin and (-lactoglobulin) appear to be more closely associ-
ated with clinical reactivity to raw milk, whereas sensitization to heat-stable proteins such
as casein has more frequently been linked to persistent milk allergy and reactivity to baked
milk. Accordingly, our findings may be consistent with previous observations suggesting
that sensitization to whey proteins could play a greater role in reactions to unheated milk
among baked-milk-tolerant individuals, while casein sensitization is more commonly asso-
ciated with more persistent phenotypes [41-43]. However, this apparent difference should
be interpreted with caution and should not be considered evidence of distinct underlying
pathogenic mechanisms. The observed distribution of component relevance most likely
reflects both the clinical characteristics of the study population and the sequential approach
applied during OFCs. Patients undergoing raw milk OFCs constituted a pre-selected
subgroup, as children reacting to baked milk are generally considered highly likely to react
to raw milk and therefore are less frequently referred for subsequent raw milk challenges.
Consequently, the raw milk cohort was enriched for individuals with a lower baseline
probability of severe milk allergy and a higher prevalence of baked milk tolerance. This
selective referral process may have influenced the relative diagnostic performance of indi-
vidual milk components and potentially affected the estimated AUC values and optimal
cut-off points. Had patients reactive to baked milk been systematically included in the raw
milk analysis, the association between casein sensitization and challenge outcomes would
likely have been stronger. Therefore, the present findings should be interpreted within the
context of the clinical decision-making pathway and patient selection process rather than
as evidence of a fundamentally different hierarchy of clinically relevant milk allergens.

Hen'’s Egg Allergy

In HE allergy, our findings are generally consistent with previously published meta-
analyses [14], although direct comparison is limited by important methodological differences.

Most previous studies evaluating the diagnostic performance of egg allergen compo-
nents have relied on component-resolved diagnostics performed using the ImmunoCAP
platform, particularly measurements of ovomucoid- and ovalbumin-sIgE. In contrast, in
our study, component-resolved diagnostics for egg allergy were assessed exclusively using
the ALEX2 platform. Measurements of egg allergen components-sIgE using ImmunoCAP,
including ovomucoid-sIgE and ovalbumin-sIgE, were not available at our center during the
study period and therefore could not be incorporated into the study protocol. Consequently,
only egg white-, egg yolk-, and egg extract-sIgE concentrations were measured using Im-
munoCAP. This limitation precluded a direct comparison of the diagnostic performance of
individual sIgE to egg allergen components between the two platforms and restricted our
assessment of inter-platform concordance largely to extract-level measurements.

Boiled Egg Allergy

In the boiled egg cohort, SPTs, either to commercial extract or native products, again
demonstrated only moderate diagnostic utility, with the highest diagnostic performance
observed for SPT to raw egg white and raw egg yolk. Similarly, InmunoCAP-based mea-
surements, i.e., egg white extract-sIgE and egg yolk extract-sIgE, showed moderate accuracy
and did not consistently reach statistical significance, despite a trend toward higher values
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in OFC+ patients. These findings are consistent with a recent report demonstrating only
moderate discriminatory performance for both SPTs and egg white extract-sIgE and egg
yolk extract-sIgE (AUC approximately 0.77-0.78 for key parameters), without identification
of a single dominant predictor [44,45]. Corresponding measurements performed using the
ALEX2 platform demonstrated somewhat better diagnostic performance, particularly for
egg white extract-sIgE; however, their overall discriminative ability remained only moder-
ate and was insufficient to support their use as standalone predictors of OFC outcomes.

Within component-resolved diagnostics, ovomucoid-sIgE measured using ALEX2
platform demonstrated the highest diagnostic value for boiled egg allergy, which is consis-
tent with previous reports [45]. These findings suggest a substantial degree of agreement
between the ImmunoCAP and ALEX2 platforms.

Baked Egg Allergy

According to recent reports, SPTs have limited utility in predicting baked egg al-
lergy [46]. In our study, only SPT to egg white extract demonstrated sufficient discrimina-
tive ability to distinguish children with baked egg allergy from those tolerant to baked egg.
This observation is consistent with a previously published meta-analysis [14], in which the
diagnostic accuracy of SPT to egg white was also reported to be limited.

Similarly to the findings in the boiled egg cohort, InmunoCAP-based measurements of
egg white extract-sIgE and egg yolk extract-sIgE did not significantly differentiate children
with baked egg allergy from those who tolerated baked egg. Among the ALEX2-derived
sIgE measurements, egg white extract-sIgE showed the highest diagnostic performance,
with an AUC of 0.754 (95% CI 0.558-0.950). The optimal cut-off value was 9.29kUA/L,
corresponding to a sensitivity of 88%, specificity of 65%, PPV of 39%, and NPV of 95%.
Opverall, these findings suggest broadly similar diagnostic patterns across the InmunoCAP
and ALEX2 platforms and are in line with previously published reports. In a recent meta-
analysis, egg white-sIgE measured using the InmunoCAP platform demonstrated high
specificity (94%) but relatively low sensitivity (40%) for predicting baked egg allergy at a
cut-off value of 8 kUA /L, although the reported thresholds varied considerably, ranging
from 6 to 50 KUA /L.

With regard to component-resolved diagnostics assessed using the ALEX2 platform,
ovalbumin-sIgE demonstrated the highest diagnostic value for distinguishing children
with baked HE allergy. In our study, ovomucoid-sIgE did not reach statistical significance,
despite showing a trend toward improved discriminatory performance, which may be
related to limited sample size and the high degree of overall sensitization within the cohort.
However, our findings are consistent with previous reports indicating that the predictive
value of ovomucoid-sIgE for OFC outcomes in baked egg allergy remains controversial, as
some studies have demonstrated its diagnostic utility [21,47], whereas others have found
no significant superiority compared with egg white extract-sIgE [16,22,48]. Additionally, in
the study by Krawiec et al. [16], both ovalbumin-sIgE and ovomucoid-sIgE demonstrated
comparable diagnostic performance for baked egg allergy, without clear superiority of
either component. In that study, the AUC values for ovomucoid-sIgE and ovalbumin-sIgE
were similar, suggesting largely overlapping diagnostic information rather than a distinct
advantage of ovomucoid-sIgE despite its higher thermostability. Notably, in the study by
Krawiec et al. [16], ImnmunoCAP-based assessment of ovalbumin-sIgE demonstrated lower
predictive performance compared with the ALEX2-derived ovalbumin-sIgE obtained in our
cohort, further supporting the possibility of assay-dependent differences in the diagnostic
value of component-resolved testing.

Combined two-predictor logistic regression

Combined two-predictor logistic regression models for parameters of baked and raw
milk allergy, as well as baked and boiled egg allergy, provided only modest improvements
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over single predictors, with limited gains in AUC values and no clinically meaningful in-
crease in discriminatory performance. Importantly, none of the models achieved sufficiently
high predicted probabilities to reliably replace OFCs, indicating that the combination of
diagnostic markers did not substantially enhance overall diagnostic utility.

Comparison between ImmunoCAP and ALEX2 platforms

An important advantage of our study is the direct comparison of two diagnostic plat-
forms, namely ImmunoCAP and ALEX2. Overall, ALEX2 demonstrated good concordance
with ImmunoCAP, supporting its potential utility in clinical practice. However, systematic
differences in absolute values were observed, including consistently lower measurements
for milk extract and casein obtained using the ALEX2 platform. The comparison of ALEX2
and ImmunoCAP results in the present study also highlights important considerations
regarding the interpretation of multiplex and singleplex sIgE assays. The comparison
of ALEX2 and ImmunoCAP results in the present study provides additional insight into
the interpretation of different sIgE testing approaches. ALEX2 enables the simultaneous
assessment of a broad range of allergen extracts and molecular components within a single
assay, thereby providing a comprehensive characterization of individual sensitization pro-
files. This may facilitate the identification of clinically relevant sensitization patterns and
support a more detailed assessment of food allergy phenotypes. In contrast, ImmunoCAP
is typically used to quantify selected allergen-specific IgE responses individually and re-
mains the most extensively validated method in routine allergy diagnostics. Although the
overall diagnostic performance of ALEX2 and ImmunoCAP was broadly comparable in
our cohort, quantitative differences were observed for some allergens. These discrepancies
may reflect differences in allergen composition, calibration procedures, and other analytical
characteristics of the assays. Therefore, sIgE results should be interpreted within the context
of the specific assay used, and diagnostic thresholds established for one method should
not be directly extrapolated to another without appropriate validation. Despite these
quantitative discrepancies, overall diagnostic performance remained comparable between
the two methods, suggesting that clinical interpretation is broadly consistent, although
platform-specific cut-off values are required.

These findings are in line with previous studies demonstrating high overall agreement
and good quantitative correlation between ALEX2 and ImmunoCAUP, including food al-
lergens such as milk and egg components [24,49]. At the same time, prior reports have
emphasized that the two methods are not directly interchangeable due to differences in
absolute IgE values obtained with each assay.

Importantly, in our study, even after combining multiple predictors in logistic regres-
sion models, none of the evaluated approaches achieved sufficient diagnostic accuracy to
replace OFCs. The best-performing models did not reach probability thresholds that would
justify omission of OFC, which is consistent with the broader literature highlighting the
limitations of currently available biomarkers of food allergy. Furthermore, the relatively
small sample size limits the stability and generalizability of our findings, particularly with
regard to ROC-derived cut-off values and multivariable modeling.

Clinical implications

Although no single biomarker was sufficiently accurate to replace OFCs, the present
findings suggest that the combined assessment of SPT results, extract-specific IgE, and
allergen component sensitization patterns may support more informed pre-challenge risk
stratification. Such information may assist clinicians in selecting patients most likely to
benefit from OFC, prioritizing referrals, and planning the appropriate level of supervision
during challenge procedures.

An additional strength of this study is the evaluation of the ALEX2 multiplex platform
in relation to clinically verified OFC outcomes. Our results indicate that ALEX2 provides
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diagnostically relevant information that is broadly comparable to that obtained with Im-
munoCAP for many evaluated parameters, while simultaneously enabling comprehensive
assessment of multiple allergen components within a single assay. At the same time, the
observed differences between platforms, particularly for selected allergens such as casein,
highlight the importance of platform-specific interpretation of sIgE results and caution
against the direct transfer of diagnostic thresholds between assays. Further prospective
studies are needed to validate ALEX2-derived cut-off values and to define its role in routine
clinical decision-making regarding food challenges.

Limitations of the study

Several limitations of this study should be acknowledged.

First, the diagnostic performance of the evaluated biomarkers for HE and CM allergy
was generally moderate, as reflected by the observed AUC values and, for several param-
eters, wide confidence intervals resulting from the limited sample size. The study was
also not designed or powered a priori to test the primary endpoints with a pre-specified
statistical power. Consequently, all proposed cut-off values should be regarded as ex-
ploratory estimates rather than validated clinical decision thresholds. Therefore, none of
the proposed cut-off values should be applied in clinical practice without prior validation
in larger, independent cohorts, ideally including patients with diverse clinical phenotypes
and assessed across different diagnostic platforms.

Particular caution is warranted when interpreting the proposed cut-off values for egg
allergen components, as component-resolved diagnostics for egg allergy were available
exclusively through the ALEX2 platform in the present study. Owing to known method-
ological differences between ALEX2 and ImmunoCAP, including differences in allergen
composition, calibration procedures, and analytical characteristics, these thresholds should
not be directly extrapolated to ImmunoCAP-based measurements and require independent
validation across multiple diagnostic platforms.

Second, the comparison between the ALEX2 and ImmunoCAP platforms in the egg
allergy cohort was limited by the absence of InmunoCAP measurements for key egg aller-
gen components, particularly ovomucoid and ovalbumin. As these components are among
the most clinically relevant biomarkers for predicting egg allergy persistence and chal-
lenge outcomes, their unavailability restricted the component-level comparison between
platforms and limited conclusions regarding inter-platform concordance to extract-based
measurements. Consequently, the diagnostic performance of InmunoCAP in the egg
cohorts may have been underestimated.

Third, the study population may have been affected by spectrum bias, as patients
referred for OFCs represented a clinically pre-selected group rather than an unselected
population of food-allergic children. This selection process may have influenced estimates
of diagnostic accuracy, including AUC values and proposed cut-off points. This limitation
is inherent to the retrospective design of the study, as participant selection was based on
routine clinical decision-making rather than predefined research criteria. Nevertheless,
despite the potential influence of spectrum bias, the main findings of our study are broadly
consistent with previously published evidence regarding the diagnostic utility of skin
prick testing, allergen-specific IgE measurements, and component-resolved diagnostics in
predicting food challenge outcomes. This concordance supports the overall validity of our
observations, although the reported diagnostic performance estimates and cut-off values
should be interpreted with appropriate caution.

Fourth, all OFCss were performed as open challenges rather than double-blind,
placebo-controlled food challenges. Although open OFCs reflect routine clinical prac-
tice and are widely used in the assessment of food allergy, they may be more susceptible to
observer and expectation bias, particularly when subjective symptoms are reported.
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An additional limitation is that SPT and sIgE measurements performed up to six
months before OFC were considered eligible for analysis. Although this approach reflects
routine clinical practice, temporal changes in sensitization profiles may have introduced
measurement variability and potentially attenuated the observed associations between
diagnostic test results and OFC outcomes.

Finally, as this was a single-center study, the findings may not be fully generalizable
to other populations and clinical settings. Larger, multicenter studies incorporating a
comprehensive component-resolved diagnostic approach on both platforms are needed to
validate our findings and establish clinically applicable cutoff values.

5. Conclusions

Skin prick testing, serum-specific IgE measurements, and component-resolved diag-
nostics demonstrated variable diagnostic performance in predicting the outcomes of OFCs
to baked and raw cow’s milk, as well as baked and boiled hen’s egg. Among the evalu-
ated methods, SPTs performed with native food allergens generally showed the highest
discriminative capacity, particularly in the assessment of raw milk and boiled egg allergy,
whereas conventional extract-based SPTs demonstrated more limited diagnostic utility.
Component-resolved diagnostics provided additional information beyond extract-based
testing, although the diagnostic relevance of individual allergen components-sIgEs varied
according to the clinical phenotype and diagnostic platform used.

In cow’s milk allergy, casein-sIgE appeared to be more informative in the assessment
of baked milk allergy, whereas sensitization to a-lactalbumin and (3-lactoglobulin showed a
stronger association with raw milk challenge outcomes in our study population. However,
this observation may, at least in part, reflect the clinical selection of patients undergoing
raw milk challenges, resulting in a cohort enriched for baked-milk—tolerant individuals
rather than the full spectrum of cow’s milk allergy phenotypes. In hen’s egg allergy,
ovomucoid-sIgE demonstrated the highest diagnostic performance for boiled egg allergy,
while ovalbumin-sIgE showed the best performance for baked egg allergy when assessed
using the ALEX2 platform. However, these findings should be interpreted cautiously,
as component-resolved diagnostics for egg allergy were available only through ALEX2,
limiting direct comparison with ImmunoCAP-based measurements.

Overall, ALEX2 showed good agreement with InmunoCAP for most evaluated pa-
rameters, although systematic differences were observed for selected allergens, particularly
casein-sIgE, which should be considered when interpreting results across platforms.

Despite advances in laboratory diagnostics, OFCs remain the reference standard for
confirming food allergy and assessing the development of tolerance. Available diagnostic
tests may support patient selection and risk stratification before challenge procedures but
cannot replace OFCs in clinical practice.

Given the retrospective design, potential spectrum bias, and relatively small sample
size, the proposed diagnostic thresholds should be regarded as preliminary and require
validation in larger, prospective, independent cohorts before they can be considered for
routine clinical decision-making. Further studies are also needed to clarify the role of
component-resolved diagnostics across different clinical phenotypes of food allergy and
across diagnostic platforms.
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/ /www.mdpi.com/article/10.3390 /nul8132157/s1, Table S1: Comparison of total IgE levels and
sIgE-to-total IgE ratios, both determined using the ALEX2 platform, in children with positive and
negative OFC outcomes to baked milk; Table S2: Two-predictor logistic regression models for
predicting positive OFC to baked milk; Table S3: Comparison of total IgE levels and sIgE-to-total
IgE ratios, both determined using the ALEX2 platform, in children with positive and negative OFC
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