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Abstract
Background and Objectives: About 65–80% of children 
with IgE-mediated cow’s milk allergy (CMA) can tolerate ex-
tensively heated milk. We have invested in the mass fabrica-
tion of a test product containing milk protein baked at 
180   ° C for 30 min (SUTMEK-milk) and a milk-free placebo 
(SUTMEK-placebo) to carry out a standardised double-blind 
placebo-controlled food challenge (DBPCFC) test in pa-
tients with CMA. Methods: We studied children with IgE-
mediated CMA between 13 and 48 months of age. Specific 
IgEs (spIgE) to milk proteins were quantified. A DBPCFC with 
our bakery products was performed, and factors determin-
ing reactivity to extensively heated milk were evaluated. We 
also tested the applicability of SUTMEK products in baked-
milk oral immunotherapy in a pilot assessment. Results: We 
studied 15 children (8 girls, 7 boys) with a median age of 26 
months (range: 13–48 months). Nine (60%) patients toler-

ated a challenge with extensively heated milk, while 6 (40%) 
were found reactive (anaphylaxis: 2, wheezing: 2, urticaria: 
2). spIgE to milk, α-lactalbumin, and casein, and the wheal 
diameter on skin prick testing were higher in the reactive 
group than the tolerant groups (p = 0.001, p = 0.001, p = 
0.002, and p = 0.048, respectively). Receiver-operating char-
acteristic curve analyses yielded the following cut-off values 
for spIgEs that would predict a reactivity to extensively heat-
ed milk; milk: 25 kU/L (area under curve, AUC: 0.981), casein: 
32 kU/L (AUC: 0.983), and α-lactalbumin: 17 kU/L (AUC: 
0.981). Nine patients have tolerated well a continued daily 
consumption of SUTMEK-milk or -placebo for 6 months at 
the desired doses. Conclusions: Our bakery products were 
successfully used in DBPCFC studies and qualified as an ac-
ceptable tool for use in the research of interventional toler-
ance induction. Although spIgE appears useful in determin-
ing children at high risk of reacting to extensively heated 
milk, the predictive cut-off values are still far from being  
perfect. © 2018 S. Karger AG, Basel

Edited by: H.-U. Simon, Bern.
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Introduction

Food allergy (FA) is a major health problem of devel-
oped and rapidly developing countries, with a prevalence 
rate of 6–8% among children [1]. Cow’s milk (CM) is the 
most commonly implicated food. The current standard 
of care is strict avoidance of the offending food and prep-
aration to promptly treat allergic reactions. However, 
strict elimination diets and the fear of potentially severe 
reactions upon inadvertent exposure can cause signifi-
cant anxiety among the parents. Moreover, dietary re-
striction can lead to adverse nutritional outcomes. There 
has been an active research into novel therapeutic ap-
proaches that would speed recovery (tolerance induc-
tion) from FA. One of the most promising strategies has 
been oral immunotherapy (OIT), which employs the in-
troduction of gradually increasing doses of specific food 
allergens into the diet [2]. The aim of this approach was 
to produce a state of desensitisation during the treatment 
period and establish a persistent immunological toler-
ance in the long term.

An allergic reaction to CM protein can be induced by 
various immunogenic epitopes, which accounts for a 
variability in the clinical responsiveness to differentially 
processed forms of milk. The conformational epitopes 
are heat labile and might be destroyed by high tempera-
tures (baking), whereas linear epitopes are heat stable [3, 
4]. Interestingly, a proportion of children with CM al-
lergy (CMA) can tolerate extensively heated forms of 
milk. Furthermore, continued ingestion of baked-milk 
products in these children has been shown to speed the 
outgrowing of FA and induce milk-specific IgG4 produc-
tion [5]. Although such an approach was proposed as a 
promising OIT strategy, robust evidence favouring its 
routine use is lacking. Methodological heterogeneities, 
differences in the characteristics of patient populations, 
and lack of a standardised approach that employs a uni-
form bakery product throughout the study period are the 
major flaws.

We have established a consortium to study the toler-
ability of baked-milk products in children with CMA and 
test the efficacy of OIT with baked milk in tolerance in-
duction in a double-blind placebo-controlled fashion. 
For this purpose, we have invested in nonprofit mass 
manufacturing of a set of bakery tools that contain baked 
milk (active bread, SUTMEK-milk) or milk-free counter-
parts (SUTMEK-placebo) with similar physical proper-
ties. Here, we present our experience with SUTMEK for 
the assessment of the tolerability of baked milk in a dou-
ble-blind placebo-controlled food challenge (DBPCFC) 

in children with active CMA and our pilot results show-
ing the feasibility of an extended daily consumption of 
SUTMEK for OIT purposes. 

Methods

The study protocol was registered in the “Australian New Zea-
land Clinical Trials Registry” database (ACTRN12615001155583). 

The study was carried out in the Paediatric Allergy and Immu-
nology Clinic of the Marmara University. We included children 
aged between 6 and 48 months with IgE-mediated CMA according 
to EAACI Food Allergy and Anaphylaxis Guidelines [6]. Sensitisa-
tion to CM protein was demonstrated by a positive skin prick test 
(SPT) and/or specific IgEs (spIgEs) to milk in the serum. 

Children with wheat protein allergy (SUTMEK contains 
wheat), with uncontrolled asthma, rhinitis, dermatitis, and eosino-
philic gastroenteropathy and children with a history of reaction to 
baked-milk products within the past 6 months [5] were excluded.

Nutritional habits, symptoms related to the culprit foods, the 
time interval between the allergen exposure, and the onset of 
symptoms were recorded. 

Before study inclusion, a DBPCFC test with unheated CM was 
performed [7] (Fig. 1, 2). 

Each dose

0.1 mL

0.3 mL

1 mL

3 mL

10 mL

30 mL

100 mL

Milk protein amount

3 mg

10 mg

30 mg

100 mg

300 mg

1,000 mg

3,000 mg

Double-blind placebo-controlled food challenge
with unheated milk

Total amount

Total milk protein quantity

Active

Placebo

Aromatizer

Dose interval

144 mL

4.9 g

Amino-acid-based formula 
+ dry milk powder

Amino-acid-based formula

Liquid vanilla

20 min

Fig. 1. Double-blind placebo-controlled food challenge protocol 
with unheated milk.
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SPT, spIgEs, and Total IgE
An SPT was performed with fresh CM, and histamine and sa-

line were used as positive and negative controls, respectively. A 
positive test was defined as a mean wheal diameter of 3 mm or 
greater than the negative control. Serum spIgE antibodies to CM, 
casein, α-lactalbumin, and β-lactoglobulin were quantified by the 
IMMULITE 2000 Systems SPE Specific IgE Universal Kit (REF 
L2KUN6) Siemens®. Total IgE was determined by IMMULITE 
2000 Systems TIE (REF L2KIE2) Siemens®.

DBPCFC Tests to Assess Allergy to Unheated CM (Challenge 
Test before Inclusion)
We used an active test material masked in an elementary for-

mula matrix (the total volume given is 144 mL of amino-acid-
based formula containing dry-milk powder equivalent to 4.9 g of 
milk protein as the cumulative dose) and a placebo (amino-acid-
based formula diluted in tap water) for the purpose of testing re-
activity to unheated milk (Fig. 1). The amino-acid-based formula 
was chosen as the vehicle for both active and placebo material with 
vanilla syrup as the masking product [7, 8]. Escalating semiloga-
rithmic doses were administered at an interval of 20 min. All mix-
tures were presented in similar vessels. 

In vitro Assays to Evaluate the Immunologic Pattern of the 
Baked-Milk Product
Sample Preparation
Samples were weighed as 5 g, crumbed, and diluted in 10 mL 

of phosphate-buffered saline (PBS) with protease inhibitor cock-
tail. Then samples were incubated in an orbital shaker at 4  ° C over-
night. All samples were centrifuged the following morning at 3,750 
rpm for 1 h at 4  ° C and supernatants were collected. Baked and 
non-baked CM were centrifuged for 10 min at 2,000 g at 4  ° C in 
order to eliminate possible large particles. Milk supernatants were 
collected and diluted 1: 10 in water. The relative protein concentra-
tions of all supernatants were measured with the Bradford assay 
(Bio-Rad Laboratories, Richmond, CA, USA). 

Immunoelectrophoresis
Samples were prepared as 10 μg protein per gel well and mixed 

with 2× Laemmli sample buffer (Bio-Rad Laboratories) containing 

SDS. Sample heating and using β-mercaptoethanol as reducing 
agent were omitted. Samples were loaded onto each well of 10% 
TGX-stain-free gel (Bio-Rad Laboratories), and electroporation 
was conducted at constant voltage: 90 V for about 15 min and then 
120 V for 45 min. Once the electrophoresis was done, the gel image 
was taken using the Chemidoc MP Imaging System (Bio-Rad Lab-
oratories). Proteins were transferred onto Immun-Blot PVDF 
membranes (Bio-Rad Laboratories) using the Criterion blotter 
system (Bio-Rad Laboratories) 350 mA constant current for 80 
min.

Membrane blocking was performed with 3% bovine serum al-
bumin (BSA) in PBS-T. Then, membranes were incubated with a 
1: 10 dilution (5% BSA with 0.01% sodium azide in PBS-T) of 
pooled sera from 3 patients reactive to heated milk whose milk 
spIgE levels were > 65 kU/L (2 of them > 100 kU/L; 1 of them 68 
kU/L). As a negative control, 1: 10 diluted serum of a nonallergic 
subject was used. Bound human IgE was detected with HRP-la-
beled goat anti-human IgE (ϵ-chain-specific) polyclonal antibody 
(catalogue No. A9667-2ML; Sigma-Aldrich, USA). Detection was 
performed with Pierce enhanced chemiluminescence (ECL) West-
ern blotting substrate (Thermo Fisher Scientific, USA), and the 
ChemiDoc MP imaging system was used for imaging.

Manufacturing of the Bakery Test Products and DBPCFC Tests 
to Assess Tolerability of Baked Milk
Each bread contained 1.3 g of nonfat dry milk powder (Pınar®). 

All bakery products were developed by the Department of Nutri-
tion and Dietetics and Istanbul Halk Ekmek AŞ®. The breads in-
cluded flour, gluten, sunflower oil, salt, water, and yeast besides 
CM and were free of additives. The breads were produced in Istan-
bul Halk Ekmek AŞ® factories on separate occasions to avoid any 
contamination by CM protein. The flour and dry milk powder 
were mixed thoroughly to ensure homogenisation. The dough was 
fermented for 50 min and then divided into 63- to 65-g pieces. 
Each piece was kept at the proper temperature and humidity for 
32 min to ensure fermentation. The baking process was completed 
at 30 min above 180  ° C to ensure the denaturation of allergic com-
ponents; then, all pieces were left to cool on racks and packed sep-
arately as 50 ± 5 g portions [3, 4]. The placebo was produced under 
the same conditions to ensure the exact physical features. Multiple 

IgE-mediated
cow’s milk-

allergic children

DBPCFC
positive

n = 6

Subjects with
higher spIgE
predictive for

clinical reactivity
n = 5

Allergic reaction
to cow’s milk

within 6 months
n = 4

Total number
n = 15 

DBPCFC with
bakery product
and placebo 

Fig. 2. Study design.
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researchers have independently tasted the products to guess which 
bag contains active versus placebo products. Only after being con-
fident that the products were indistinguishable, we proceeded with 
the mass production of SUTMEK. All (active or placebo) bread 
packages had the same appearance but were placed in differently 
coloured cases, frozen immediately after packaging, and then 
transferred to our outpatient clinic following the rules of a cold 
chain. Each test material has been melted one by one, just before 
the challenge procedure. The products were kept at –20  ° C during 
the study. All materials were checked before challenge to ensure 
the uniformity and durability following thawing. 

The test material was ingested in 4 incremental portions, each 
20 min apart (12.5, 25, 37.5, and 50 g, respectively). The whole 
bread of a 50-g portion included 1.3 g milk protein. The cumula-
tive amount of milk protein used in a typical challenge test was  
3.2 g [9]. The SUTMEK-placebo was offered on a separate day us-
ing the same protocol (Fig. 3). Each subject was monitored for at 
least 2 h following the completion of the final dose. A challenge test 
was terminated at the first objective sign of a reaction (rhinorrhea, 
rash, angioedema, wheezing, dyspnea, hypotension, vomiting, 
and/or diarrhea) and immediately treated appropriately. Subjects 
lacking any symptoms were considered as tolerant to heated milk. 

Pilot Study for OIT with SUTMEK
Nine patients who were found tolerant to heated milk were ran-

domised to receive either SUTMEK-milk or SUTMEK-placebo over 
a course of 6 months. Patients were assigned to periodic follow-up 
examinations, and the number of breads consumed was recorded. 

Statistics
Data were described as frequencies and means with standard 

deviations (SD) unless otherwise indicated. Continuous variables 

Each dose

1/4 portion (12.5 g)

1/2 portion (25 g)

3/4 portion (37.5 g)

1 portion (50 g)

Milk protein amount

325 mg

650 mg

975 mg

1,300 mg

Double-blind placebo-controlled food challenge
with baked milk

Total amount

Total milk protein quantity

Active

Placebo

Dose interval

50 g/protein, a total of 125 g

3.2 g

Milk-powder-containing bread

Milk-powder-free bread

20 min

Fig. 3. Double-blind placebo-controlled food challenge protocol 
with baked milk.
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were analysed by the independent Student t test and Mann-Whit-
ney U tests as appropriate. Differences between the groups were 
assessed by χ2 analysis for categorical variables. Receiver-operating 
characteristic (ROC) curve analysis was used to determine a 
threshold that would predict subjects tolerant to baked milk. Ac-
curacy of a test was measured by the area under the ROC curve; an 
area of 0.9–1 represented excellence. All analyses were performed 
by the Statistical Package for the Social Sciences (SPSS) program 
(version 16.0; SPSS Inc., Chicago, IL, USA) using default settings. 
The statistical significance level was set at p < 0.05.

Results

Prior to study inclusion, children were reevaluated for 
the persistence of CMA. At this stage, 6 of the study par-
ticipants were reevaluated by a challenge (pre-inclusion 
challenge, described below) test with unheated milk, 
which demonstrated ongoing reactivity. An additional 9 
subjects were also deemed eligible for the study but were 
not assessed by a pre-inclusion challenge because 5 sub-
jects had milk spIgE values or papule SPT diameters that 
are highly predictive of clinical reactivity (if ≤2 years old, 
a level > 5 kU/L; if > 2 years old, a level > 15 kU/L; SPT 
wheal diameter ≥8 mm); 4 subjects experienced immedi-

ate reactions with the ingestion of CM during the past 6 
months. All in all, we studied 15 patients (8 females, 7 
males), with a median age of 26 months (range: 13–48 
months). 

The initial symptoms in history upon CM ingestion 
were: anaphylaxis (n = 6), urticaria/angioedema (n = 7), 
wheezing (n = 4), dermatitis (n = 3), and diarrhea (n = 3) 
(Table 1). The mean serum IgE level and peripheral blood 
eosinophil counts were 236.7 ± 164 IU/mL (median: 225, 
range: 24.3–577) and 393.3 ± 231.3/mm3 (median: 300, 
range: 100–800), respectively. The mean spIgE levels were 
24.6 ± 24.9 kU/L (median: 23, range: 0.72–64.2) for milk, 
15.3 ± 16.2 kU/L (median: 7.2, range: 0.14–53) for 
β-lactoglobulin, 29.7 ± 30.2 kU/L (median: 29.6, range: 
0.88–93) for casein, and 18.8 ± 19.6 kU/L (median: 16, 
range: 0.51–54.9) for α-lactalbumin, and the mean wheal 
SPT diameter with fresh milk was 6.25 ± 2.82 mm (me-
dian: 5, range: 4–11.5) (Table 2).

Nine children (60%) tolerated the active bakery prod-
uct while 6 children reacted (40%) to DBPCFC. Symp-
toms recorded at the challenge were anaphylaxis (n = 
2/6), urticaria (n = 2/6), wheezing (n = 2/6), and nasal 
pruritus (n = 1/6). Milk, casein, α-lactalbumin spIgE, and 
milk SPT values were found to be higher in the heated-

Table 2. Patient demographics and laboratory data: means ± SD, n (%), or medians (ranges)

Age, months 28.4±12.1
26 (13–48)

Gender
Females
Males

8 (53.3%)
7 (46.7%)

Total IgE, IU/ml 236.7±164
225 (24.3–577)

Eosinophils, n/mm3 393.3±231.3
300 (100–800)

β-Lactoglobulin spIgE, kU/L 15.3±16.2
7.2 (0.14–53)

SPT, mm 6.25±2.82
5 (4–11.5)

Milk spIgE, kU/L
IMMULITE vs. Phadia

24.6±24.9
23 (0.72–64.2)

29.±2±28.4
19.2 (1.27–100)

Casein spIgE, kU/L
IMMULITE vs. Phadia

29.7±30.2
29.6 (0.88–93)

22±22.5
16.8 (1.13–64.2)

α-Lactalbumin spIgE, kU/L
IMMULITE vs. Phadia

18.8±19.6
16 (0.51–54.9)

4.46±6.1
2.01 (0.06–20.9)
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milk-reactive group than the heated-milk-tolerant ones 
(p = 0.001, p = 0.002, p = 0.001, and p = 0.048, respective-
ly) (Table 3). 

Predictive values for clinical reactivity to heated milk 
were generated by ROC analysis, and cut-off values were 
determined as 25 kU/L for milk spIgE (sensitivity 100%, 
specificity 89%, AUC = 0.981), 7.1 kU/L for β-lactoglobulin 
spIgE (sensitivity 83.3%, specificity 66.7%, AUC = 0.796), 
32 kU/L for casein spIgE (sensitivity 100%, specificity 
89%, AUC = 0.983), and 17.6 kU/L for α-lactalbumin 
spIgE (sensitivity 100%, specificity 89%, AUC = 0.981) 
(Table 4). 

Following a negative challenge test to SUTMEK, 9 pa-
tients were allocated to receive SUTMEK (active or pla-
cebo blindly) (7 breads per week), for a 6-month period 
as OIT. Five received milk containing bread and 4 pla-
cebo breads. No breakthrough reactions were reported. 
The families reported no adverse events attributable to 
the consumption of SUTMEK. Our study on OIT with 
SUTMEK is currently recruiting patients. 

In vitro Immunoblot-Electrophoretic Assays
In SDS-PAGE, casein fractions were more intense in 

baked and non-baked CM lanes, and 1 thicker casein frac-
tion was observed in the lane of SUTMEK-milk; it is pos-
sible that some casein fractions were more blurred and 
degraded because of the heat and matrix effect (Fig. 4a). 
However, there were no casein fractions in the SUTMEK-
placebo lane.

In immunoelectrophoresis, heated-milk-reactive al-
lergic patients’ pooled sera (n = 3) were used. Although 
there was no IgE reactivity with SUTMEK-placebo, IgEs 
of pooled sera reacted with SUTMEK-milk and both 
baked and non-baked CM (Fig. 4b). The nonallergic neg-
ative control subject showed no binding to caseins 
(Fig. 4c).

Table 4. Cut-off values predicting baked-milk reactivity based on 
IMMULITE

spIgE, 
kU/L

Sensitivity, 
%

Specificity, 
%

AUC

Milk 25 100 89 0.981
β-Lactoglobulin 7.1 83.3 66.7 0.796
Casein 32 100 89 0.983
α-Lactalbumin 17.6 100 89 0.981

AUC, area under the curve.

Table 3. Comparison of the laboratory data of baked-milk-reactive and -tolerant subjects

Reactive group Tolerant group p value

Total IgE, IU/ml 278.3±93.4
291.5 (133–378)

209±198
155 (24.3–577)

0.27

Eosinophils, n/mm3 433±233
400 (200–700)

367±239
300 (100–800)

0.60

Milk spIgE, kU/L1 50.57±14.6
56.4 (27.1–64.2)

7.34±10.7
2.45 (0.72–29)

0.001

β-Lactoglobulin spIgE, kU/L1 24.6±18.6
20.1 (6.6–53)

9.05±11.7
2.57 (0.14–30.2)

0.06

Casein spIgE, kU/L1 58.5±19.7
54.7 (34.5–93.9)

10.6±18
2.29 (0.88–52.2)

0.002

α-Lactalbumin spIgE, kU/L1 39.4±12
39.1 (19.9–54.9)

2.5±7.5
(0.51–20.7)

0.001

SPT, mm 8.5±3.2
10 (5–11.5)

4.6±0.6
5 (4–5.5)

0.048

Means ± SD or medians (ranges). 
1 Measurements are based on the IMMULITE 2000 system.
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Discussion

Our product (SUTMEK) has qualified as an acceptable 
bakery tool for use in a DBPCFC test for the purpose of 
assessing tolerance to extensively heated milk, both in 
terms of its palatability by young children, ease of con-
sumption at desired doses, and the physical likeness of the 
active and placebo materials, which proved indistinguish-
able by the test assessors. We have demonstrated that 9 of 
15 children with IgE-mediated CMA with clinical reactiv-
ity to unheated forms of milk could tolerate an extensive-
ly heated milk product as revealed by a DBPCFC test. 
CMA children who are reactive to heated milk had high-
er spIgE values to milk proteins than the heated-milk-
tolerant group. We were able to define spIgE cut-off val-
ues for milk protein antigens that would predict a high 
likelihood of reactivity to baked milk in our study popula-
tion with high accuracy, indicating the clinical value of 
spIgE tests for assessing reactivity to heated milk. 

The diagnosis of FA relies on a food challenge test, 
which may be performed as open, single-blind, or dou-
ble-blind placebo-controlled test, with the latter being 
the gold standard in clinical trials. However, there are 

difficulties in the standardisation of the test materials 
that constitute either the culprit food or placebo, which 
ideally would look indistinguishable. Thus, the base ma-
trix should have good masking properties that would 
hide the taste, smell, and the texture of the food while 
retaining palatability [7]. Notably, previous studies ex-
ploiting food challenge tests with heated-milk products 
have employed an open food challenge procedure thus 
far [5, 9, 10]. Despite the relative ease of such an approach 
in comparison to a DBPCFC, it does have the potential 
for bias, particularly for the evaluation of subjective 
symptoms [8]. 

We have tested a multidisciplinary approach to devel-
op a dedicated set of bakery products (SUTMEK-milk 
and SUTMEK-placebo) for the purpose of assessing the 
tolerability of heated milk in CM protein allergy and em-
ploying OIT with baked milk, all in a DBPCFC. Our goal 
was to manufacture a product set that would be good for 
use in children in terms of (a) palatability and taste (to al-
low intake of milk protein at desired quantities), (b) uni-
formity and durability (sustained capability of the manu-
facturer to produce identical products at each batch, me-
ticulous homogenisation of milk protein in each portion, 
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Fig. 4. SDS-PAGE and immunoelectrophoretic analyses. a SDS-PAGE analysis of SUTMEK-milk and SUTMEK-
placebo. b, c Immunoelectrophoretic analysis of the patients’ pooled sera (b) and nonallergic subjects’ (c) serum. 
Lane 1, marker (M); lane 2, sample 1, standard bread; lane 3, sample 2, hypoallergenic bread; lane 4, baked cow’s 
milk at 180  ° C for 30 min (BM); lane 5, non-baked cow’s milk (CM).
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and packaging and freezing conditions allowing long-
term use of the product), (c) resemblance (with active 
milk containing material being indistinguishable from 
the placebo), and (d) safety (strict avoidance of cont

amination of the placebo with milk proteins). Basically, 
SUTMEK has met all the above criteria. 

The rate of tolerance to heated milk reported among 
children with CMA has been between 68 and 83% in dif-
ferent series [5, 10–12]. By comparison, only 60% of our 
study group could tolerate baked milk, implicating that 
our group had more severe allergies than other groups. 
Several factors might account for the observed differenc-
es between reports. (i) Overall, the spIgE values to milk 
proteins in our heated-milk-reactive group were higher 
than those reported in previous series: the median spIgE 
to milk, casein, β-lactoglobulin, and α-lactalbumin were 
56.4, 54.7, 20.1, and 39.1 kU/L, respectively. By compari-
son, these figures were 11.6 kU/L to whole milk, 14.1 
mg/L to casein, and 4.48 mg/L to β-lactoglobulin in the 
report by Nowak-Wegzryn et al. [9]. (ii)The set inclusion 
criteria have allowed us to study milk allergies within the 
dynamic period of its natural course, i.e., at the age (6–48 
months) when a group of children have already started 
gaining tolerance while others would continue with active 
reactivity. (iii) The natural course and the character of FA 
can be affected by genetic and environmental influences, 
including the diet, microbiome, infections, etc. (iv) The 
study being conducted in a tertiary referral centre might 
account for a bias towards inclusion of more persistent 
cases.

We found that the median spIgE levels to milk, casein, 
and α-lactalbumin and the wheal SPT diameter with milk 
were higher in the heated-milk-reactive group than in the 
heated-milk-tolerant ones. Whereas Bartnikas et al. [10] 
reported significant differences in the spIgE levels to ca-
sein and milk but not α-lactalbumin between the reactive 
and tolerant groups, Wegrzyn et al. [9] and Caubet et al. 
[11] found higher milk, casein, and β-lactoglobulin spIgE 
levels in the heated-milk-reactive group. We found the 
following spIgE cut-off values that would predict a failure 
to tolerate heated milk: 25 kU/L for whole milk, 32 kU/L 
for casein, and 17.6 kU/L for α-lactalbumin. For the same 
purpose, other groups have determined spIgEs of 4.95 
kU/L for casein and 9.97 kU/L for whole milk [9, 11]. 
Bartnikas et al. [10] proposed the use of a casein spIgE 
value of 10.3 kU/L and a milk spIgE value of 20.6 kU/L. 
These researchers have identified that a wheal diameter 
of 15 mm in prick testing with casein had a 100% positive 
predictive value, while a milk SPT wheal diameter of  
7 mm provided a 100% negative predictive value10. Of 
particular interest, some of the inter-study differences re-
ported for individual populations may be attributed to 
the employed methodologies of spIgE measurements 
(e.g., UniCap Phadia vs. IMMULITE 2000) in each study. 
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We present the correlation of IgE values obtained by both 
methods in our study population (Fig. 5).

The heterogeneity among various studies might be at-
tributed to inherent characteristics of the studied popula-
tions, such as ethnicity, lifestyle, and environmental fac-
tors as well as the methodologies implemented in each 
study, thus limiting the applicability of the findings of a 
particular report into an unrelated population. We pro-
pose that an individualised risk assessment is warranted 
before attempting a heated-milk challenge test, which 
largely relies on the knowledge of population-specific IgE 
cut-off values. SUTMEK has proved successful for use in 
a DBPCFC test and can be readily deployed in baked-milk 
OIT research. Along with the cut-off values to predict 
heated-milk tolerability, our study would guide future re-
search.
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