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Abstract

Background: Tolerance of baked milk indicates a good prognosis in IgE-mediated cow’s milk allergy. 

Objective: The present study aims to investigate the predictors of baked milk tolerance, particularly the amount of milk 
tolerated in the first oral food challenge (OFC) test, in children with IgE-mediated cow’s milk allergy. 

Methods: The study included 35 cases who were diagnosed with IgE-mediated cow’s milk allergy upon open OFC  
testing in the Pediatric Allergy Clinic. Four weeks after the diagnosis, skin prick test (SPT) and OFC were performed 
with baked milk. Cases who did and did not develop reactions during OFC with baked milk were compared regarding 
clinical and laboratory parameters. 

Results: Twelve cases (33.3%) did not develop a reaction during OFC with baked milk. Those who had low levels  
of casein sIgE, β-lactoglobulin sIgE, and α-lactoalbumin sIgE; small SPT wheal diameter for baked milk and  
α-lactoalbumin; and a large amount of unheated milk tolerated in the first OFC were found to be tolerant to baked 
milk (p < 0.05). For predicting baked milk tolerance, a cut-off level of the amount of unheated milk tolerated in OFC 
was calculated as 620 mg [with the area under the curve (AUC) 0.88 (95% confidence interval 0.77-0.99) in ROC curve 
analysis].

Conclusion: If a child with cow’s milk allergy is able to tolerate more than 620 mg of milk protein during  
challenge with unheated milk, this may show that this child will tolerate baked milk, meaning that the child will be able 
to tolerate cow’s milk in the future. 
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Introduction
Cow’s milk allergy is one of the most common childhood  

food allergies, with a prevalence of 2-3% in children.1  
Today, the treatment of patients with cow’s milk allergy  
consists of the elimination of milk and dairy products from 
the diet. However, since many foods contain milk proteins,  
it is very difficult to prevent exposure to milk by the  
elimination of dairy products from diet alone.2 In recent 
years, evidence has shown that 65–83% of patients allergic 
to milk can eat baked milk products without any reaction.3,4  
Regular ingestion of baked milk products may accelerate  
acquisition of tolerance to cow’s milk.5 Furthermore, milk- 
allergic patients who tolerate baked milk are unlikely to 
present with a severe reaction when exposed to unheated  
milk.3 Another option in the treatment of milk allergy is  
desensitization. Studies show that instead of desensitization 
with unheated milk, baked milk may be a better option due to 
its convenience and fewer side effects.5-7 In order to determine 
whether or not a patient with milk allergy can tolerate baked 
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Materials and Methods
Study design

This prospective study was conducted in the Department 
of Paediatric Allergy in Dr. Behçet Uz Children’s Hospital 
from January 2015 to January 2016. The study was approved 
by the local Research Ethics Board of Dr. Behçet Uz Children’s  
Hospital (protocol number 2014/16, decision approval 2014/ 
02-05). All cases with a history of suspicion for IgE-mediated  
cow’s milk allergy were screened. All children or their  
guardians signed an informed consent form after they were 
notified about the study, including the possibility of severe  
reactions. All children had SPT to unheated milk, casein, 
α-lactoalbumin, and β-lactoglobulin documented in the  
medical record prior to oral food challenge. In all children, 

Figure 1. Study design.
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milk products, it is recommended to perform an oral food 
challenge with baked milk. Since OFC with baked milk is a 
time consuming test, there is a need for a marker that can 
predict tolerance to baked milk without OFC. Many studies 
have shown that the larger the SPT wheal and the higher the 
specific IgE level to cow’s milk, the less likely the patient will 
tolerate baked milk.4,8,9 In addition to this, diagnostic tests 
that use baked milk products are better at reflecting reactivity 
against baked milk.10 

In this study, we investigated possible markers that could 
predict tolerance to baked milk products in children with 
IgE-mediated cow’s milk allergy that was confirmed with 
OFC.

ssIgE for milk, casein, α-lactoalbumin, and β-lactoglobulin 
were measured prior to oral food challenge. Serum samples 
were analyzed for ssIgE using an UniCAP 100 system fluo-
rescence enzyme immunoassay (Phadia, Uppsala, Sweden). 
The lowest limit of detection of the assay was 0.35 kUA/L.  
Cases with suspected milk allergy were subjected to OFC test 
following the elimination of milk and dairy products from 
the diet for 4 weeks. Cases with milk allergy confirmed by 
OFC test were first subjected to SPT with baked milk and  
subsequently to OFC with baked milk. One case was excluded 
from the study because of anaphylaxis developed during OFC 
with unheated milk (Figure 1). 

Patients
The study was conducted on cases with IgE-mediated 

cow’s milk allergy who met the following criteria: 

1. History of suspicion for IgE-mediated cow’s milk  
allergy, and 

2. Skin prick test (SPT) wheal diameter and serum  
specific IgE (ssIgE) levels were below the cut-off point 
(milk-specific IgE levels ≤ 5 kUA/L and SPT wheal  
diameter ≤ 6 mm ),11 and

3. Diagnosis of cow’s milk allergy was confirmed with 
positive cow’s milk oral challenge performed after four 
weeks of abstinence from milk and dairy products.11,12 
and

4. To be older than six months old.
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The study exclusion criteria: History of anaphylaxis during 
OFC. 

Skin prick test 
The SPTs were performed by trained physicians on the  

volar surface of the forearm of each patient using a commer-
cial extract of the milk (ALK Abelló, Horsholm, Denmark), 
and a prick-by-prick technique with cow milk was used.  
Additionally, a commercial extract of milk components  
(Lofarma, Milano, Italy) was also used. The tests were always 
performed with a histamine positive control and a saline  
negative control. A mean wheal diameter greater than 3 mm 
after 15 minutes of testing the allergen extracts was accepted  
as a positive result. During the evaluation of the SPTs for 
milk allergy diagnosis, the SPT wheal sizes for which the  
commercial extract was used were used. The diameter of the 
wheal determined by prick-by-prick was used while compared 
the diameters of SPT induration between unheated milk and 
baked milk. 

Oral food challenge
OFCs were performed under medical supervision with 

emergency support available. Patients were examined and 
measured blood pressured prior to starting feeding, as 
well as before each dose was administered,13 and their vital  
signs and observations for lungs and skin were recorded  
on clinical charts. Any signs or symptoms that occurred 
during the OFC were also recorded, even when mild.  
Clinical observations continued for at least 4 hours after  
the last food dose. The initial dose for the OFC was 3 mg, 
as recommended by the European Academy of Allergy  
and Clinical Immunology food allergy and anaphylaxis  
guidelines, and a total of nine doses were given to patients 
that showed no reactions to the logarithmic dose increments. 
The maximum dose included 3 g of the protein. A total of 
4.5 gr milk protein was applied.14 The cow’s milk challenges 
were conducted using cow’s unheated milk (or formula milk 
for infants less than 12 months). In OFC test, development of 
any symptom related to skin (itching, urticaria, angioedema),  
gastrointestinal system (diarrhea, vomiting, irritability),  
respiratory system (rhinitis, cough, wheezing, stridor,  
shortness of breath), or cardiovascular system (tachycardia, 
hypotonia, hypotension, fatigue, shock) was accepted as a 
positive test, and the testing was terminated. 

Baked milk
Baked milk was prepared by the researchers in accor-

dance with the literature, by cooking fresh milk for at least 
30 minutes in an oven heated to 350°F.3 Since 30% of the 
milk is vaporized during baking, the resulting baked milk 
was assumed to contain 5 gr of milk protein per 100 ml. 
OFC with baked milk was applied as recommended by the  
European Academy of Allergy and Clinical Immunology food 
allergy and anaphylaxis guidelines. The OFC was stopped 
and considered positive when objective signs and symptoms  
(urticaria, nasal discharge, wheeze, vomiting, hypotension) 
or repeated severe subjective symptoms (discomfort, nausea, 
stomachache) were noted. 

The following parameters were compared between patients 
who were reactive and non-reactive during OFC with baked 
milk: 

1. The age at which the first reaction following ingestion 
of milk occurred

2. Gender
3. Accompanying food allergies
4. Patient’s reactivity (e.g. urticaria, nasal discharge, 

wheeze, shortness of breath, vomiting) following the 
mother’s consumption of milk or dairy products 

5. Total eosinophil count, total IgE, ssIgE levels (for cow’s 
milk, β-lactoglobulin, casein, α-lactoalbumin)

6. Prick-to-prick diameter (unheated milk, baked milk)
7. SPT wheal diameter (for unheated milk, baked milk, 

β-lactoglobulin, casein, α-lactoalbumin)
8. The amount of milk ingested before the development 

of reaction during OFC with unheated milk

Statistical analysis
IBM SPSS version 22.0 (Armonk, New York, United 

States) was used for all statistical analyses. The Kolmogorov- 
Smirnov test was used to test the normality of variables. 
Parametric methods were used for analysis of variables with 
a normal distribution, whereas non-parametric methods 
were used for analysis of variables that were not normally  
distributed. Comparisons of continuous variables were made 
with independent-samples t-test and Mann-Whitney U test  
as appropriate. Pearson’s chi-square and linear-by-linear  
association tests were used with an exact test for the  
comparison of categorical data. The categorical data are 
expressed as a percentage of the number (n) of children  
evaluated. Sensitivity and specificity between the classifica-
tions were determined using cut-off values calculated from 
the group variables and analyzed using a receiver operating 
curve (ROC). The level of significance for the analyses was  
p < 0.05.

Results
In a screening of 54 cases, 36 cases met the inclusion  

criteria. Among these 36 cases, 1 case was excluded because 
of anaphylaxis. Of the 35 children included in the study,  
23 (65.7%) were male. The median age was 17 (7-48) months. 
In 14 (40%) cases, milk allergy was accompanied by egg  
allergy. Eleven (31.4%) of the patients on breastmilk showed 
reactions whenever the mother consumed milk or dairy  
products. In the OFC with unheated milk, the ingestion 
of an average of 780 (3-2850) mg of milk protein provoked 
the development of a reaction. Twelve (34.3%) cases did not  
show reaction during OFC with baked milk. Fourteen cases  
had negative SPT (< 3 mm) results for baked milk, and 
eight of these (57%) could tolerate baked milk. Those who 
did and did not show reaction during OFC with baked 
milk were compared with each other. In the non-reactive  
group, casein-specific IgE, β-lactoglobulin-specific IgE,  
α-lactoalbumin-specific IgE levels, and SPT wheal diameters  
for baked milk and for α-lactoalbumin were significantly  
lower compared to those who could not tolerate baked 
milk (p < 0.05). Additionally, the amount of milk ingested 
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Reactive group 
(n = 23)

Non-reactive group 
(n = 12) p value

Gender (male), n (%) 15 (65) 8 (66) 1

Age of onset of cow’s milk allergy (month)* 5.4 (4-7) 6.4 (3-11) 0.098

Accompanying food allergies, n (%) 9 (39) 5 (42) 1

Reaction with ingestion of breastmilk, n (%) 8 (35) 3 (25) 0.709

SPT wheal diameter for unheated milk (mm)* 5.0 (1.4-7) 4.5 (3-7) 0.380

SPT wheal diameter for baked milk (mm)* 3.2 (1-7) 1.4 (1-6) 0.013**

SPT wheal diameter for β-lactoglobulin (mm)* 4.1 (1-7) 3.4 (1-7) 0.437

SPT wheal diameter for casein (mm)* 3.2 (1-6) 1.8 (1-5) 0.130

SPT wheal diameter for α-lactoalbumin (mm)* 4.7 (1-9) 3.0 (1-7) 0.045**

Milk-specific IgE (kUA/L)* 4.5 (0.3-21) 2.6 (0.2-11.3) 0.136

β-lactoglobulin-specific IgE (kUA/L)* 18 (0.4-100) 1.4 (0.1-3.4) 0.007**

Casein-specific IgE (kUA/L)* 18.7 (0.3-100) 0.95 (0.1-8.6) 0.009**

α-lactoalbumin-specific IgE (kUA/L)* 13 (0.1-72) 2.6 (0.1-10.2) 0.046**

Total IgE (kUA/L)* 170 (7-511) 118 (11-653) 0.152

Total eosinophil count, (× 10-3 µL)* 425 ( 30-830 ) 471 (40-850 ) 0.429

The amount of unheated milk ingested during 
OFC until the development of reaction (mg)* 326 (3-1450) 1344 (440-2850) 0.002**

Table 1. Clinical and demographic properties of cases according to reactivity during OFC with baked milk. 

*median (min-max), **Significant p value

Figure 2. For cases who were reactive to baked milk during 
OFC, comparison of the amount of baked milk ingested  
until the development of reaction and the amount of  
unheated milk ingested until the development of reaction 
during OFC with unheated milk shows that greater amount 
of baked milk could be tolerated (p = 0.007).
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Figure 3. Our ROC curve analysis showed that 620 mg was 
the optimal cut-off value for the amount of unheated milk 
ingested during OFC to predict tolerance to baked milk, 
with a sensitivity of 83.3% and a specificity of 82.6%
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the median age of our cases was 17 months. Similar to these 
studies, we did not find a significant difference between cases  
who were and were not tolerant to baked milk products  
regarding the distribution of age.

In three different studies including children with cow’s 
milk allergy, Bartnikas et al., Kwan et al., and Mehr et al.  
performed OFC with cakes containing a total of 2.6 g of 
milk protein, and the percentages of cases who could tolerate 
baked milk were reported as 83% by Bertnikas et al., 60% by  
Kwan et al., and 73% by Mehr et al.4,15,18 In contrast to these 
three studies, Barbosa et al. performed OFC on children 
with cow’s milk allergy with cakes containing a total of 2.8 g 
of milk protein, and they reported that 46.7% of cases could  
tolerate baked milk.15 Unlike other studies, in the present 
study, we administered a total of 4.5 g milk protein with a 
maximum dose of 3 g, which is similar to the amount of milk 
protein given during OFC with unheated milk. 34.3% of the 
cases showed tolerance during OFC with baked milk. The 
reason why other studies found a higher tolerance rate with 
baked milk may be that a lower amount of milk protein was 
given during OFC. 

Barbosa et al. reported that total IgE, eosinophil count, 
milk-specific IgE level, and SPT wheal diameter for milk 
were not predictive for baked milk tolerance;16 and Bartnikas 
et al. reported that milk-specific IgE or SPT wheal diameter  
for milk were not associated with baked milk tolerance.4 
Nowak-Wegrzyn et al. found lower milk-specific IgE level 
and smaller SPT wheal diameter for milk in the group that 
tolerated baked milk.3 In our study, similar to the literature, 
we found that milk-specific IgE, SPT wheal diameter for 
milk, eosinophil count, and total IgE level could not predict  
tolerance to baked milk. 

In their study, Kwan et al. reported that all of the cases 
who did not develop a reaction to baked milk during SPT 
could tolerate baked milk during OFC. Additionally, 91% 
sensitivity and 61% specificity was established for SPT wheal 
diameters for baked milk using a cut-off of 4 mm. They  
proposed that this could be used as a predictive marker.15 On 
the contrary, Mehr et al. reported that SPT wheal diameter 
for baked milk cannot be used as a predictor for tolerance 
to baked milk.18 In our study, the group that tolerated baked 
milk had smaller SPT wheal diameters. Additionally, of the 
14 cases who did not show the reaction to baked milk during 
SPT, 8 (57%) could tolerate baked milk. However, SPT wheal 
diameters for baked milk was a poor predictor for predicting 
clinical reactivity to baked milk. 

Bartnikas et al. reported that > 90% negative predictive 
value was established for casein-specific IgE using a cutoff 
of 0.9 kUA/L. However, they reported that casein-specific IgE 
level was not predictive for baked milk tolerance.4 Barbosa  
et al. reported that both low casein-specific IgE level and 
small SPT wheal diameter for milk could predict tolerance 
to baked milk.16 Caubet et al. reported that 74% Sensitivity  
and 77% specificity was established for casein-specific IgE 
using a cutoff of 4.95 kUA/L.8 In their studies, Cherkaoui et 
al. and Nowak-Wegrzyn et al. found lower casein-specific  
IgE levels in the tolerant group.3,17 In agreement with the  
literature, we found that SPT wheal diameter for casein could 
not discriminate baked milk tolerance, whereas casein-specific

until the development of reaction during OFC with unheated 
milk was significantly greater in the group that could tolerate 
baked milk (p < 0.05) (Table 1). 

For cases who could not tolerate baked milk, the amount 
of baked milk ingested until the development of reaction 
during OFC was found to be greater than the amount of milk 
ingested until the development of reaction during OFC with 
unheated milk (p < 0.05) (Figure 2). ROC curve analysis 
showed that the cut-off value of the amount of milk ingested  
during OFC with unheated milk for prediction of tolerance  
to baked milk was 620 mg, with 83.3% sensitivity and 
82.6% specificity. It was area under curve (AUC) 0.88 (95%  
confidence interval 0.77-0.99). (Figure 3). Additionally, the 
cut-off value of various tests in predicting clinical reactivity  
to baked milk was established. 74% sensitivity and 67%  
specificity was established for SPT wheal diameters for 
baked milk using a cut-off of 3 mm, 80% sensitivity and 
70% specificity was established for SPT wheal diameters for  
α-lactoalbumin using a cut-off of 4 mm, 62% sensitivity  
and 70% specificity was established for α-lactoalbumin- 
specific IgE using a cut-off of 1.7 kUA/L, 68% sensitivity and 
70% specificity was established for β-lactoglobulin-specific  
IgE using a cut-off of 2.4 kUA/L, 81% sensitivity and 70%  
specificity was established for casein-specific IgE using a  
cut-off of 0.94 kUA/L.

Discussion
For children with cow’s milk allergy, the resolution of 

milk allergy has been shown to occur in shorter time among 
those who can tolerate baked milk in comparison to those 
who cannot.3 Therefore, it is important to be able to identify  
children who will tolerate baked milk both for improving 
the patient’s quality of life and accelerating the resolution of  
allergy. In our study, we found that tolerance to more than 
620 mg of milk protein during OFC with unheated milk could 
predict tolerance to baked milk with 83.3% sensitivity and 
82.6% specificity. This marker was not previously reported  
in the literature, and we believe it can be useful in clinical  
practice.

In their studies, Kwan et al., Barbosa et al., Nowak- 
Wegrzyn et al. and Cherkaoui et al. evaluated tolerance to 
baked milk products in cases with cow’s milk allergy; they 
reported that there were no significant differences between 
cases that were and were not tolerant of baked milk regarding  
gender, accompanying atopic disease, or familial history of  
atopy.3,15-17 In agreement with the literature, in the present 
study, we did not find associations between tolerance to baked 
milk products and gender or accompanying food allergies.

In their study, Nowak-Wegrzyn et al. reported that the 
median age of onset of milk allergy symptoms was 4 months 
and found that the age of onset did not show association with 
baked milk tolerance.3 Similarly, the median age of onset of 
initial symptoms was 5.5 months in our study, and there was 
no association between age of onset and baked milk tolerance.

Among the studies in which tolerance to baked milk  
products in cases with cow’s milk allergy was evaluated, the 
median age was 6.6 years in the study by Kim et al.5 and 
7.3 years in the study by Mehr et al.18 Faraj et al., on the  
other hand, reported a median age of 3.5 years.19 In our study, 
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Conclusion
During OFC testing for suspicion of milk allergy, the 

amount of unheated milk protein that is tolerated by the 
patient until the development of reaction may be used as 
a marker to predict tolerance to baked milk. In addition, 
baked milk products can be given more safely in case milk  
protein-specific IgE levels are low.
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IgE level was lower in the group that showed tolerance to 
baked milk. Casein-specific IgE using a cut-off of 0.94 kUA/L 
could use to predict of baked milk challenge outcome. 

Barbosa et al. reported that α-lactoalbumin-specific IgE 
and β-lactoglobulin-specific IgE levels, or SPT wheal diameter  
for β-lactoglobulin could not discriminate tolerance; however,  
they found that SPT wheal diameter for α-lactoalbumin 
was smaller in the tolerant group.16 In their studies, Caubet 
et al. and Nowak-Wegrzyn et al. reported markedly lower  
β-lactoglobulin-specific IgE levels in the tolerant group.3,8  
Similar to the literature, in the present study, we found that 
both β-lactoglobulin-specific IgE and α-lactoalbumin-specific  
IgE levels were lower, and SPT wheal diameter for α-lacto-
albumin was smaller in the tolerant group. However, These 
markers were poor predictors for predicting clinical reactivity 
to baked milk. 

The main weakness of our study is the lack of sample 
size. In such types of studies, the comparisons between the  
variables less powerful and increases the confidence intervals 
of the results obtained. Nonetheless, we believe that these 
limitations do not significantly confound the main finding  
of our study. In addition, we believe our novel marker, which 
indicates tolerance to baked milk, has limited utility in  
clinical practice because we think it can only be used to 
confirm or exclude the diagnosis of milk allergy in patients  
following OFC test with unheated milk. 


