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SUMMARY
Cow’s milk allergy (CMA) is one of the most frequent causes of food allergy (FA) in children. 
Dietary avoidance is considered the main treatment for CMA, but it does not promote the 
development of tolerance. In contrast, milk oral immunotherapy (OIT) and the introduction of 
baked milk into the diet are two treatment options that may lead to tolerance development. 
Recently, the “milk ladder” (ML) has emerged as a third therapeutic option. ML can be 
defined as a gradual home reintroduction of foods containing milk starting from the most 
easily tolerated forms and progressing to whole cow’s milk. Herein, we assess the impact of 
different processes on milk protein allergenicity, alongside studies evaluating the efficacy and 
safety of ML in children with non IgE-mediated and IgE-mediated CMPA. In non-IgE Mediated 
CMA, excluding FPIES, ML seems to be reasonable since it is not burdened with relevant side 
effects and is able to promote the early reintroduction of cow’s milk. In IgE mediated CMA, 
the efficacy of ML seems to be like OIT although it is burdened with similar side effects, even 
serious as anaphylaxis. If used to perform the first step with baked milk oral challenge seems 
advisable. The next steps can be done at home. Only children without a clinical history of 
severe reactions or recurrent wheeziness can be candidates for ML, starting as soon as possible 
and in any case not in children over 6 years of age.

KEYWORD: Milk ladder, Cow’s milk allergy, food allergy, tolerance development, oral 
immunotherapy

Cow’s milk protein allergy (CMPA) is one of the most frequent causes of food allergy (FA), 
described in 0.5-3% of children 1. Cow’s milk is the first food to be introduced into the 
diet, in the absence of maternal milk, and at weaning also, in the form of milk derivatives 
(parmesan or other cheese or other foods, pasta or biscuits containing it). Its prognosis is 
not always favorable because, although tolerance develops over the years in most children, 
only about 50% of children develop tolerance before 5 years of age.2 This causes prolonged 
diets and fear of reactions, which generally become more serious with increasing age. 
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CMPA is also the most frequent cause of death due to FA in children 
in Italy 3. 
Treatment of CMPA consists of avoidance and the administration of 
drugs in case of allergic reaction. For many years it has been known 
that avoidance, however, does not promote the development of 
tolerance in everyone 4 and that, on the contrary, reintroducing 
milk with an oral immunotherapy or with the introduction of baked 
milk into the diet of cow’s milk allergy in children can promote the 
development of tolerance even for raw milk 5,6. Beyond these two 
strategies, a third dietetic advancement therapy was proposed: the 
milk ladder.

THE MILK LADDER:  
BIRTH AND EVOLUTION
Approximately a decade ago, the UK Ministry of Health, prompted by 
the escalating prevalence and frequent misdiagnosis of food allergies, 
entrusted the National Institute for Health and Clinical Excellence 
(NICE) with the task of crafting a pragmatic document refining 
the diagnosis and management of these conditions. This seminal 
document delineated the diverse spectrum of food allergies and 
furnished guidelines for accurate diagnosis and appropriate dietary 
management, alongside delineating criteria for specialist referral. 
Primary care, comprising General Pediatricians (GPs), Dietitians, 
Nurses, etc., was assigned the responsibility of managing milder 
presentations 7.
Subsequently, a more nuanced and detailed document was published 
in 2013. This document underscored the divergent management 
approaches for clinical presentations with immediate onset, likely 
IgE-mediated, compared to those with delayed onset, likely non-IgE-
mediated 8.
While the former necessitated diagnostic tests (SPT), elimination diets, 
and, if warranted, oral food challenges (OFC) followed by allergist 
referral, the latter, comprising milder or moderate forms of delayed-
onset, non-IgE-mediated CMPA, can be managed within primary care 
settings. The objective of this practical guide was to delineate the 
canonical algorithm requisite for CMPA diagnosis, implementation of 
elimination diets, and, predicated on clinical response, home-based 
food reintroduction in negative cases, or continuation of dietary 
restriction followed by a gradual milk reintroduction to evaluate 
tolerance. 
Particularly for non-IgE-mediated CMPA, the gradual reintroduction 
protocol, known as the milk ladder (ML), was advocated. This entails 
commencing with minute quantities of purportedly less allergenic 
foods (because they contain low amounts of milk protein cooked 
extensively (over 180°C) and for a long time (over 30 minutes), and 
progressively advancing to potentially more allergenic options (due to 
the higher protein content of milk cooked at lower temperatures and 
for less time), with the ultimate goal of assessing tolerance. Notably, 
evidence suggesting that the introduction of extensively cooked milk-
containing foods has a potential tolerogenic effects on subsequent 

raw milk and informed the ladder’s construction, comprising 12 steps 
ranging from the less allergenic form of milk, such as baked milk (e.g. 
biscuits) to pasteurized milk. An example of a Milk Ladder is shown in 
Figure 1. 
Over the ensuing years, these pragmatic directives gained traction 
beyond the confines of the United Kingdom, transcending non-IgE-
mediated allergies to encompass other allergy types. Consequently, 
in 2017, the UK NICE guidelines for Milk Allergy in Primary Care 
(MAP) underwent revision, presenting an internationally applicable 
diagnostic and therapeutic algorithm (iMAP). This updated 
framework stratified clinical presentations into four categories, 
delineating criteria for allergen reintroduction tests, emphasizing 
their applicability solely to children with mild to moderate non-IgE-
mediated CMPA, and excluding severe forms such as food protein-
induced enterocolitis syndrome (FPIES) and IgE-mediated CMPA 9. 
Additionally, this second iteration of the ML underwent simplification 
and modification, factoring in parameters such as cow’s milk protein 
dosage, cooking duration, temperature, matrix effects, and dietary 
habits across diverse geographical regions. The updated ladder now 
comprises a streamlined sequence of six steps. Given the variegation 
in dietary habits globally, several nations tailored the iMAP to suit their 
specific dietary customs, as exemplified by adaptations observed in 
the work of Venter 10 and Hicks 11.

Figure 1. Example of Milk Ladder. Starting from the initial pro-
posal of a food containing cow’s milk in a less allergenic form, 
because it is in very low doses and in processed form, passing 
through other steps, variable in number and composition in the 
various proposals of literature, until reaching the gradual introduc-
tion of fresh whole cow’s milk.
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FACTORS AFFECTING MILK 
ALLERGENICITY

Influence of heating on allergenicity
Cow’s milk contains approximately 30-35 grams of protein per liter. 
These mainly belong to two different categories based on their 
solubility at acidic pH: caseins (αS1-casein, αS2-casein, β-casein, 
and k-casein), which account for 80% of the total, and serum proteins 
(including the main β-lactoglobulin [β-LG], α-lactalbumin [α-LA]), 
which make up the remaining 20% 12. 
The process of cooking can change protein allergenicity, mainly 
through alterations in protein folding, protein aggregation, or through 
chemical changes in molecular structure. 
These modifications can change the form through which allergens 
are presented to the immune system during both the sensitization 
phase and the elicitation phase of the immune response 13. 
Protein changes depend on several CMPA factors related to the 
cooking process, including cooking temperature and duration, as 
well as the intrinsic characteristics of the protein 14. In CMPA, proteins 
with sequential epitopes, i.e., characterized by a specific linear 
amino acid sequence, are less sensitive to heat than conformational 
epitopes, i.e., formed by amino acid residues that are not contiguous 
but located in different areas of the polypeptide chain 15. The cooking 
process initially results in a loss of the protein’s tertiary structure and 
subsequently the secondary structure (55-70°C), disulfide bridge 
rupture (70-80°C), formation of new intra- and intermolecular 
interactions, rearrangement of disulfide bridges (80-90°C), and 
formation of aggregates (90-100°C) 16.
Heat treatment of cow’s milk can change the tertiary structure of the 
serum proteins and make their conformational epitopes no longer 
detectable 17. However, depending on the characteristics of the heat 
treatment to which cow’s milk is exposed, a portion of serum proteins 
may still have a molecular structure capable of binding IgE, albeit with 
reduced affinity 13,18.
Caseins, on the other hand, are stable allergenic proteins that can 
withstand heat after 120 minutes of boiling at 90°C; caseins are 
also found to be present after matrix cooking at 350°F (176°C) 17 
albeit reduced in quantity by about 30% 19. This means that even if 
prolonged, heat exposition only partially reduces casein’s ability 
to cause allergic reactions. In CMPA they have a structure with a 
predominance of linear epitopes that are little affected by heat 20 and 
therefore the IgE binding capacity of caseins is largely unaffected by 
the cooking process 21,22. 

Influence of matrix on allergenicity:  
the Matrix effect 
In addition to the cooking effect, related to the temperature 
reached by the food and the duration of the process, the presence 
of a matrix within which the food is cooked (e.g., wheat matrix) can 
further modify its allergenicity. The matrix, for example, may hinder 
protein digestion at the gastric level, promoting the preservation 

of allergenic epitopes and gut-level interaction with the immune 
system 23. 
Furthermore, at the time of food preparation, allergenic proteins 
may interact with other macromolecules in the same food, including 
CMPA and carbohydrates, becoming less available for interaction with 
the immune system 23. Among these interactions that occur during 
food processing, the Maillard reaction is one of the most significant: 
nonenzymatic glycation occurs between the free amino acid groups 
of the proteins involved and the aldehyde or ketone groups of the 
carbohydrates 13, which can lead to a reduction in the allergenicity of 
some foods 24,25.

The enzymatic effect of the fermentation
In addition to cooking, other steps in the processing of some foods, 
including the use of enzymes in the production of cheese, or the 
addition of bacteria involved in yogurt preparation and responsible 
for the fermentation process, can also reduce the allergenicity of 
proteins 26.

Milk Ladder: the rationale
ML works on the general principle of starting with the introduction 
of the smallest amount of the allergen, made less allergenic by 
cooking (e.g. biscuits, muffins, etc.) or fermentation (e.g. yoghurt, 
cheese, etc.) and, as the child tolerates it, progressing up the 
ladder to more allergenic forms and larger amounts, and finally 
intact milk proteins. In CMPA, it is believed that the ability of milk to 
induce allergic reactions in children with CMPA increases with the 
increase of both the allergenicity of these proteins and the amount 
of the milligrams of milk protein consumed. For these reasons, the 
first ML was built with a 12-step diet with incremental milk dose, 
starting with minute quantities of purportedly less allergenic foods 
such as malted milk biscuits and progressively advancing, with an 
up-built step process, through less and less heated preparations 
containing higher amounts of milk protein, such as muffins, scotch 
pancakes and lasagna, and finally fermented dairy products such 
as yogurt and uncooked milk, with the ultimate goal of assessing 
tolerance.
Cooking and the matrix effect on milk may also play an important 
role in the development of tolerance 27; changes in protein 
structure and destruction of conformational epitopes may indeed 
result in reduced binding to IgE and prevent the onset of allergic 
symptoms 28.
In conclusion, it is believed that ML is essentially an oral immunotherapy, 
although not always labelled or recognized as such 29. 
It was hypothesized that the baking process alters the stability of 
milk allergens and renders them less allergenic through decreased 
IgE binding. Regular consumption of these baked milk products 
decreases IgE levels and increases IgG4 levels, facilitating the 
acquisition of tolerance as the degree of allergenicity increases 
through the ML 30. 
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CLINICAL STUDIES SUPPORTING 
MILK LADDER

The baked milk step
Baking degree and amount of milk: The rationale for the lower 
allergenicity of baked milk in vitro is supported by in vivo studies, 
which show that cow’s milk in a baked form is tolerated by a relatively 
high proportion of milk-allergic children, with tolerance rates at about 
70 to 80%. Although the recipe used to prepare the baked goods 
varied among the different studies, it is important to note that most of 
them employed milk baked in a wheat matrix in the form of muffins 
or cupcakes, containing a total amount of milk equivalent to 1.3 g of 
cow’s milk protein per serving, with baking for at least 30 minutes at 
180°C (350°F) 31,32,33,34,35,36. Therefore, it is not surprising that tolerance 
rates to baked milk in fresh milk-allergic patients reported by the 
clinical trials are similar, ranging from 68 to 82%. 
However, even with the same temperatures and matrix, as the milk 
content doubles, the rate of tolerance decreases, ranging from 46.7 
to 62.5, as shown in the three studies that used > 2.6 gr or higher of 
milk protein 37,38,39 (Tab. I).
Some clinical trials have attempted to assess tolerance in vivo by 
performing successive OFCs with gradually more allergenic dairy 
products (both less cooked and containing increasing amounts of 
milk protein), starting with baked products. For instance, Nowak 
and colleagues challenged 136 children with IgE-mediated CMPA 
by performing sequential short-term OFCs with foods containing 
increasing amounts of milk and gradually less exposed to the effect 
of heat (muffins and pizza on the same day, the others all within 
2 weeks in total). Thirty percent of the children reacted to muffins 
containing baked milk (containing 1.3 g CMP and baked at 180°C for 
at least 35 minutes), 23% tolerated muffins but later reacted to pizza 
(containing 4g CMP and baked at 218°C for at least 13 minutes), 8% 

tolerated both but reacted to rice pudding (containing 7.7 g CMP 
and baked at 160°C for at least 90 minutes), 32% reacted only to 
fresh milk (containing 8g CMP), and 7% also tolerated fresh milk 
40. However, it should be noted that in this study, in the various 
passages, the amounts of CM proteins administered also increased, 
which could represent a bias.

The baked + wheat matrix effect
An Italian trial 41, investigated the importance of the wheat matrix 
effect on reducing baked milk allergenicity, sequentially challenging 
48 children with IgE-CMPA with a) ciambellone (a typical Italian baked 
cake) containing 3 g of cow’s milk protein in wheat matrix, b) baked 
liquid cow’s milk or c) partial hydrolyzed milk (HA milk) containing 6 
g of protein or finally d) with Parmesan cheese containing 3 g of milk 
protein. In the study case series, 82% of children passed the challenge 
with HA formula, 81% with ciambellone, 78% with Parmigiano Reggiano 
and 56% with the OFC with baked liquid milk. A statistically significant 
difference (p < 0.05) was found among OFCs positivity rates, comparing 
ciambellone (39/48 = 81%) and baked liquid CM 18/32 = 56%). The 
authors concluded that the wheat matrix effect on tolerance of baked 
milk was relevant in slightly less than half of the cases. 

THE MILK DERIVATIVE (DAIRY 
PRODUCTS) STEPS

Parmigiano cheese
In an Italian study 42, children with clinical reactivity to cow’s milk 
(tested by DBPCFC) underwent OFC with Parmesan (Parmigiano 
Reggiano cheese aged 36 months), in an amount of 13.3 g, containing 
CMP equivalent to 200 ml of cow’s milk. The study showed that 29 
out of 50 children (58%) were able to tolerate that Parmesan. Also, 

Table I. Tolerance of milk baked in wheat matrix in the form of muffins in children with CMPA according to grams of milk proteins.

Author Reference Children (n)
Grams of Milk 
proteins in the 

muffin 
Tolerance (%)

Nowak-Wegrzyn, 2008 5 100 1.3 68

Kim, 2011 6 88 1.3 74

Weinbrand-Goichberg, 2017 35 85 1.3 82

Agyemang, 2018 36 84 1.3 72

Sirin Kose, 2019 34 91 1.3 75.5

Vilar, 2021 31 44 1.3 72.2

Kilic, 2021 38 80 2.6 62.5

Barbosa, 2017 37 30 2.8 46.7

Kiykim, 2019 39 15 3.2 60
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in another study 25 children with a history of IgE-mediated CMPA 
undergoing OFC with 36-month maturated Parmesan (10 g, equal to 
3 g of proteins), 64% successfully passed the test 41. 
Parmigiano Reggiano is a typical Italian cheese with a long aging 
process, varying between 12 and 36 months. During aging, proteases 
from rennet and lactic acid bacteria implement gradual and 
progressive digestion of milk proteins, particularly caseins. Therefore, 
the protein fraction constantly changes during cheese aging, shifting 
from whole proteins to gradually shorter peptides to single amino 
acids 42. 
For this reason, longer aging can presumably reduce the allergenicity 
of the proteins contained in Parmigiano; however, to date, no studies 
comparing clinical tolerance between Parmigiano samples with 
different aging periods are available in the literature.
In addition, it should be noted that the Parmigiano Reggiano 
production process also includes a cooking phase at 55°C before 
aging, which could play an additional role in reducing the allergenicity 
of the final product.

The Butter step 
Butter is a dairy product obtained by the separation of whole milk into 
cream and buttermilk, with a reduced milk protein content. 
To our knowledge, only one trial has evaluated butter tolerance 
in patients allergic to cow’s milk 43. This study showed that most 
cow’s milk allergic patients can consume raw butter without clinical 
reactions. 68 patients with IgE-mediated CMPA were enrolled; out of 
44 patients with positive OFC for cow’s milk (in the form of pumpkin 
pie, containing 25 ml of cow’s milk, microwaved at 1,000 W for 90 
seconds at a temperature of 89°C), 38 (86.4%) tolerated butter instead, 
in the amount of 10 g (with protein content equivalent to 2.9 ml of 
cow’s milk).
In light of this result, the authors suggested that OFC with butter 
should be performed in patients who are expected to react to cow’s 
milk, before performing OFC for milk, to be able to expand the range 
of foods allowed in their diet and thus improve their quality of life. It 
should be noted, however, that the amount of protein provided by 
OFC with butter was only a little more than one-tenth of that given 
during OFC with milk.

The Yogurt step
Yogurt is a dairy product made by bacterial fermentation of milk. 
Specifically, it is made by combining heated milk with bacteria, 
especially Lactobacillus bulgaricus and Streptococcus thermophilus, 
and letting it sit for several hours at a temperature of about 45°C. In 
addition, other Lactobacilli and Bifidobacteria are sometimes added in 
the preparation of yogurt. Yogurt cultures, which ferment and acidify 
milk, reduce the amount of intact protein in milk and may therefore 
facilitate CMP tolerance in individuals reactive to cow’s milk. Changes 
in the allergenicity of different milk proteins depend on the species of 
lactic acid bacteria and specific fermentation conditions, as shown by 
several dairy technology studies 44,45,46. 
Regarding studies on IgE-mediated CMPA case series, the results are 

conflicting. Monaco and colleagues report that 20/31 (64%) children 
with IgE-mediated CMPA with systemic symptoms could tolerate a 
total dose of 200 g of yogurt 47.
In the trial by Poza-Guedes 48,40 children with IgE-mediated CMPA 
with immediate gastrointestinal CMPA (having excluded children 
of extraintestinal manifestation of CMPA, lactose intolerance and 
celiac disease) underwent to OFC with CM. Patients with a positive 
OFC result was e offered a new OFC with yogurt under the same 
conditions. Patients who refused the OFC with yogurt were assigned 
to an elimination diet. All 25 patients with IgE-mediated CMPA 
diagnosed by positive OFC with fresh milk, passed OFC with yogurt. 
No reactions to yogurt were recorded at the 6 month follow-up and 
mean levels of serum IgE to beta-lactoglobulin (β-LG) and caseins 
decreased, but were increased in the 15 children that maintained 
CM diet. Since BLG is absent or very decreased in many yogurt 49 and 
BLG seems to have a role in the gastrointestinal phenotype of cow’s 
milk allergy 50, the authors suggest trying with yogurt in children 
with immediate gastrointestinal CMA. 
In contrast, other studies included samples of children with both IgE 
and non-IgE-mediated allergies. In Uncoglu’s study 51, 15 out of 16 
patients with IgE-mediated CMPA reacted to OFC with yogurt, while 
11 out of 16 patients with non-IgE- mediated CMPA tolerated yogurt. 
It should be noted that 60% of the subjects with IgE-mediated CMPA 
who reacted to yogurt had a concomitant egg allergy, which might 
play a role in the reduced tolerance rate. 
In addition, the total amount of yogurt proposed was equivalent to 
8-10 g of cow’s milk protein (about 200-300 g of yogurt). Moreover, 
the authors hypothesized that, similarly to children with non-IgE-
mediated CMPA who develop tolerance to fresh milk earlier than their 
counterparts with IgE-mediated CMPA, tolerance to fermented milk 
could also be achieved earlier in children with non-IgE-mediated 
CMPA 52.
A study by Kucukosmanoglu et al. 53 considered 34 children allergic 
to cow’s milk protein (diagnosed by positive OFC for cow’s milk) 
aged 24  +/-  13 months, but with both concomitant positive IgE 
(in 29 children) and negative IgE (in 5 children). The same children 
underwent a second OFC with yogurt 15 days later, and half (17/34) 
passed it without symptoms (Tab. II).
These results suggest that performing OFC with yogurt could be 
considered early, in children with non-IgE mediated CMPA, as yogurt 
can represent a valid dietary alternative to cow’s milk. In addition, 
its reintroduction into the diet would allow only partial avoidance 
of cow’s milk products, improving patients’ quality of life and diet 
quality. Yogurt and cheeses could promote milk tolerance as they 
have beneficial probiotic-like health effects, including reinforcement 
of the epithelial barrier by increasing mucins, tight junction proteins, 
and Goblet and Paneth cells 54. 

Evidence of efficacy and safety of Milk 
Ladder in literature
Since there is no accepted definition of ML, we have defined 
ML as “any process that includes the administration of milk or 
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foods containing milk, progressively increasing both in terms of 
quantities and allergenicity in 3 or more steps, including the final 
administration of raw milk”. A comprehensive search was conducted 
in Medline via PubMed and Scopus (from January 1, 2000, through 
May 10, 2024), using the keywords “milk allergy” or “food allergy” 
and (“baked milk” or “processed milk” or “cooked milk” or “heat 
modified milk” or “extensively heated milk” or “heated milk”) AND 
(“ladder” or “tolerance” or “desensitization” or “ immunotherapy” or 
“safety”).

In non-IgE Mediated CMPA
Several studies have investigated the efficacy and safety in ML. 
However, to the best of our knowledge, even if ML was designed 
specifically for non-IgE-mediated CMPAs, only one study has 
evaluated its efficacy and safety in this kind of CMPA.
Mayer et al. 55 designed a prospective observational study to evaluate 
the mode of reintroduction of milk or other foods in subjects with 
gastrointestinal allergies excluding FPIES. The authors used a ladder-
like allergen reintroduction, with a four-step scale to be climbed in 13-
15 days. They found complete tolerance acquisition in 46% and partial 
tolerance in 36% of milk-allergic subjects. Of the 62 enrolled children, 
42 had completed milk diet liberalization, and 33 had achieved partial 
liberalization, while 17 remained allergic at the end of the study. No 
adverse events were documented. In more than 50% of cases the first 
administration was sufficient to establish allergy status, but many 
required 2–5 attempts before the outcome was clear. 

In IgE Mediated CMPA
In contrast, many studies investigated the efficacy and safety of ML 
in children with IgE-mediated CMPA. Seven were controlled studies 
(2 RCT, 2 prospective case-control, 3 retrospective case-control) 
(Tabs. III, IV).

The first RCT, by Amat et al. 56, enrolled children with cow’s milk 
allergy confirmed with a positive DBPCFC. The aim of the study 
was to prospectively evaluate the efficacy and the safety of two OIT 
protocols in a cohort of children with persistent IgE-CMPA: a classic 
oral desensitization with fresh milk, called “high risk” vs a ML approach 
with a slow progression schedule starting with baked milk and then 
less and less heated milk over time (with a presumed lower risk of 
side-effects). The doses were administered daily at home and up 
dosing was performed under medical supervision up to a tolerance 
final dose of 2720 mg (around 200 ml) of cow’s milk proteins in a 5 
month period. b) the second group (n = 23), were invited to assume 
a ML with 3 steps, starting with baked cow’s milk, such as biscuits, 
then less cooked such as cow’s milk bars, and finally fresh milk. The 
quantity of cow’s milk proteins was gradually increased each two 
weeks at home. The passage from baked milk to less cooked was 
realized after the dose of 210 mg of cow’s milk proteins was achieved 
and from less cooked to fresh after reaching tolerance to 1970 mg 
of proteins. Even in this group, the goal was the achievement of 
tolerance at 2720 mg of fresh cow’s milk proteins but over a longer 
period of 9 months. The study did not report differences between 
the two groups in quantity of cow’s milk proteins reached or in the 
number and severity of reactions. 
The second RCT by Esmaeilzadeh et al. 57, aimed at finding out 
whether baked milk products could accelerate the acquisition of 
tolerance of milk. 84 children with CMPA who tolerated baked milk 
in form of muffin OFC were randomized into two groups: the active 
group was asked to consume baked milk in the form of muffin for 
6 months (with 1.3 g of milk’s proteins) and then to consume baked 
cheese in the form of pizza in for 4 to 7 days per week for another 
6 months. The control group was instructed to strictly avoid any 
milk products for one year. At the end of the study period, 88.1 % 
of the patients in the case group and 66.7 % of those in control 

Table II. Tolerance of Yogurt in Children with CMPA.

Author Reference Study population
Grams of yogurt 

(total intake)

Grams of Milk 
Protein Content

(total intake)
Tolerance (%)

Monaco, 2019 47 IgE mediated with systemic 
symptoms

 200 8 64%

Poza-Guedez, 2016 48 IgE mediated with 
gastrointestinal symptoms

NA NA 100%

Uncuoglu, 2017 51 IgE and non- IgE CMPA 200-300 8-10 6.2% IgE
31.2% non-IgE

Küçükosmanoğlu, 2018 53 IgE (29) and non-IgE (5) 
CMPA children

133,4 4,3 50% 
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Table III. Milk Ladder Efficacy in IgE Mediated Cow’s Milk Protein Allergy.

Authot/year
Country

Reference Design
Sample 

size
Diagnosis of food 

allergy
Control group

Ladder 
Protocol

Results

Amat 
2017 
France

56 Prospective
RCT

41:
AG: 23
CG: 18
Drop 
out: 4

Positive DBPCMC and 
sIgE ≥ 0.35 kU/L

Oral 
desensitization 
with raw milk. 
Schedule steps 
under medically 
controlled OFC 
every 5 weeks for 5 
months

3 steps at home 
every 15 days

The study did not report 
differences between the 
two groups in the quantity 
of cow’s milk proteins 
reached: 15 patients resulted 
tolerant (36.6%), 11 were 
partially tolerant (26.8%) 
with a median threshold 
of tolerance of 697 mg 
(27.2-2550 mg), and 15 
children (36.6%) were non-
responders

Esmaeilzadeh 
2018 
Iran

57 Prospective
RCT

84:
AG: 42
CG: 42
Drop 
out: 0 

Positive history of IgE 
mediated milk allergy 
plus positive SPT 
(more than > 8mm) 
or positive sIgE (> 5 
kUA /L) in children < 
2 years or >15 kUA /L 
for those > 2 years

Strict elimination 
diet for milk and 
dairy products 

3 steps first 
OFC in hospital 
with BM 
followed by 2 
steps at home 
every 6 months

Tolerant to raw milk: 
AG: 86%, CG: 52; p = .003
Time of tolerance: 
AG: 36 months (95% CI, 
34.5-49.7) 
CG: 98 months (95% CI, 
82.4-114.1); p < .001

Nowak-
Węgrzyn 
2018 
USA

58 Prospective 
Case-control

170
AG: 136
CG: 34

Drop out:
32 AG 
12 CG

Positive SPT or sIgE 
with convincing 
clinical history 
or elevated sIgE 
value over positive 
predictive values 
or DBPCMC in the 
previous two years 

Children in strict 
elimination diet 
for milk and dairy 
products whose 
parents chose not 
to participate in the 
active intervention 
arm

4 steps  under 
medical 
controlled OFC 

The 48% (41 patients) of 
both active groups of 136 
patients enrolled, became 
tolerant independently from 
the rapidity of progression of 
the ladder scale (6 months 
vs 12 months), whereas no 
subject in the control group 
resulted tolerant at the OFC 
performed at the end of the 
study

D’Art
2022 
Ireland

59 Prospective 
Case-control

60:
AG 40
CG 20

Drop out:
AG 4
CG 1

A recent history of 
adverse reactions 
in association with 
positive allergy tests

Children who were 
submitted to ML 
without a previous 
supervised single- 
dose challenge

12 steps at 
home

No difference was seen 
between 6 vs 12 months 
escalations. Tolerant to raw 
milk: AG: 41 (48.2%; AG6: 
61% and AG12: 73%)
CG: none

Kim 
2011 
USA

60 Retrospective
Case-control 

149
AG: 89
CG: 60

Drop out: 
11

Positive SPT or sIgE, 
and history of an 
allergic reaction to 
milk within 6 months; 
or sIgE levels or SPT 
>95% predictive for 
clinical reactivity (> 5 
kUA /L in children < 
2 years or >15 kUA /L 
for those > 2 years, 
SPT ≥ 8 mm)

Strict elimination 
diet for milk and 
dairy products

3 steps OFC 
under medical 
controlled 
every 6 months

Forty-one (59%) active 
subjects had unheated 
milk tolerance in contrast 
to 13 (22%) subjects in the 
comparison group. Subjects 
who underwent active 
treatment (the per-protocol 
group, which excludes 
those with persistent baked 
milk reactivity) were 16 
times more likely than 
the comparison group to 
become unheated milk 
tolerant (p < 0.001)

(continues)
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group had developed tolerance to unheated milk (p-value: 0.018). 
In the control group, 11.9 % had a history of anaphylaxis to milk 
products; all of these patients remained reactive in unheated milk 
OFC at the end of the study. Within the case group, 40.5 % had a 
history of anaphylaxis; among these, 41.1 % (7/17) had developed 
milk tolerance by the end of the study. The authors did not present 
safety data but stated that considering the small number of patients 
who reacted to baked milk products during the study, baked milk 
exposure for patients with CMPA can be introduced as a safe 
therapeutic alternative method to OIT. 
The third study by Nowak-Węgrzyn et al. 58 aimed to investigate the 
effect of more frequent versus less frequent introduction of a ML 
approach or higher doses of more allergenic (less heat denatured) 
forms of milk on progression to tolerance. The authors enrolled 
children with history of adverse reaction with cow’s milk or with 
a positive DBPCMC associated with positive allergic tests or with 
specific IgE or skin prick tests predictive of adverse reaction. The 
patients underwent to a four step ML approach. In every step 
cow’s milk was introduced with an OFC. The first step was baked 
CM (muffin), then pizza, rice pudding and finally non-cooked CM. 
During the first day, up to two foods were tested, muffin and pizza. 
If a child did not react to pizza, he/she would then return within 2 
weeks and undergo rice pudding and non-baked liquid-milk-OFCs. 
When a reaction appeared, tests were interrupted, and patients were 
sent home with the indication of assuming the last tolerated food 
regularly. They returned after 6 months or 12 months to repeat the 
CMPA failed OFC and then to proceed towards the OFC with foods 
containing less cooked milk up to fresh milk. The principal goal was 
to evaluate the number of patients who underwent OFC every 6 

months and those examined every 12 months who reached tolerance 
during the 36 months of the study. The results of both groups were 
confronted with a control group of children whose CMPA failed the 
initial OFC with muffins and who continued with the elimination diet. 
Altogether, 48% in both active groups became tolerant independently 
from the rapidity of progression of the ladder scale (6 months vs 12 
months), whereas no subject in the control group resulted tolerant 
at the OFC performed end of the study. During baseline OFC and 
dose escalation 35% of adverse events occurred. Epinephrine was 
required for some reactions only during muffin and pizza OFC. No 
adverse reactions requiring intramuscular adrenaline occurred during 
the home reintroduction program, and no cases of eosinophilic 
esophagitis were reported.
In  D’Art  ‘s study 59, children < 12 months were enrolled and the 
diagnosis of CMPA was made based on a recent history of adverse 
reaction to the food in association with positive allergy tests. The 
aim of the study was to evaluate the impact of gradual home 
introduction of foods containing cows’ milk. All subjects included 
in the study were subjected to the reintroduction of CMP using 
a ladder scale, but one group of these, obtained employing 2:1 
randomization, had previously undergone the administration of 
a previously validated and normally tolerated dose of milk of 0.1 
ml. The ladder scheme consisted of 12 steps, starting with the 
introduction of baked food with a malted biscuit, and continuing 
with increments performed in a protected environment of the 
protein dose of the less processed food, the muffin, pancake, 
lasagna, pizza, yogurt, cheese, up to an amount of 200ml fresh 
milk. Subjects who had initially undergone the OFC with 0.1 ml 
achieved partial liberalization of the diet more quickly (73% 

TABLE III. (follows). Milk Ladder Efficacy in IgE Mediated Cow’s Milk Protein Allergy.

Authot/year
Country

Reference Design
Sample 

size
Diagnosis of food 

allergy
Control group

Ladder 
Protocol

Results

Efron 
2018 
Israel

61 Retrospective 
Case-control

110
AG:43
CG: 67

Drop out:
5 from 

AG 
(11.6%) 

Positive OFC or 
positive SPT o sIgE 
with a value above 
95% CI for age with 
convincing clinical 
history 

Strict elimination 
diet for milk and 
dairy products 

5 steps under 
medical 
controlled OFC 
every 3 months 

The results showed a faster 
acquisition of tolerance in 
the ladder-treated group, 
36 months compared to 98 
months in the control

Dunlop 
2018 
USA

62 Retrospective, 
case control

206 
children

86% of the patients 
included had had a 
prior reaction to milk 
and all were strictly 
avoiding all forms of 
milk at the time of 
challenge

Self-selected 
avoidance group of 
patients who failed 
the initial baked 
milk challenge

Indefinite steps 
(1 OFC with 
baked milk in 
the Hospital, 
then a ML like 
introduction at 
home without 
fixed steps until 
raw milk)

After a median of 49 months 
of follow-up, 43% of the 187 
had progressed to direct 
milk, 20% to less-cooked 
forms of milk, 10% remained 
ingesting BM, and 28% were 
strictly avoiding milk

RCT: randomized controlled trial, AEs: adverse reactions, AG: active group, CG: control group, DBPCMC: double-blind placebo-controlled milk challenge, 
sIgE: specific IgE, OFC: oral food challenge, SPT: skin prick test, BM: baked milk, AG6 and AG12: active group with increase every 6 months or 12 months, CI: 
confidence interval, MP: milk proteins
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Table IV. Milk Ladder Safety in IgE Mediated Cow’s Milk Protein Allergy.

Author/year
Country

Reference

Age 
(mean)
Case vs 
controls

 Safety Reactions/Epinephrine
Reactions/Epinephrine 

at home
Eosinophilic 
esophagitis

Amat 
2017
France

56  4 years 
 vs

 7 years 
(OIT)

There were not any differences 
even on the number and severity 
of reactions. One subject per group 
abandoned the study for severe 
adverse reactions

Adrenaline was necessary in five 
cases:  two from the “high risk” 
group and three in the “low risk” 
group

Epinephrine use at home 
was similar
in both arms: 11.8% (n 
= 2) in the OIT arm vs 
14.3% (n = 3) in the ML 
like group (p = 1)

Not reported

esmaeilzadeh 
2018
Iran

57 2.2 years 
vs

1.2 years 
(avoidance)

The Authors did not present safety 
data but stated that considering 
the small number of patients who 
reacted to BM products during the 
study, BM exposure for patients with 
CMPA can be introduced as a safe 
therapeutic alternative method to 
OIT

Not reported Not reported Not reported

nowak-
Węgrzyn 
2018
USA

58 7 years 
vs 

6,6 
(avoidance) 

35% of adverse events occurred 
during the baseline OFC or 
escalation OFCs in the clinical center

16 children (39%) developed 
reactions during muffin baseline 
OFC and were treated with 20 
administrations of epinephrine, 
6 (19.4%) after the pizza 
challenge were treated with 10 
administrations of epinephrine

No adverse reactions 
requiring intramuscular 
adrenaline 

Not reported

D’Art
2022
Ireland

59 Less than 
12 months 

old

 There were no serious reactions 
progressing up the ladder. There 
were only 3 non-tolerated accidental 
exposures to milk during the study

Notreported No reactions at home 
required adrenaline;

Not reported

kim 
2011
USA

60 6.6 years
vs

not 
reported 

(avoidance)

 6/89 (6.7%) had mild-to-moderate 
anaphylaxis during 8/172 (4.6%) 
challenges 

 Epinephrine was administered 
during 172 subsequent challenges 
at a higher rate among the BM-
reactive group than among the 
BM-tolerant group (17% vs 3%), p 
= 0.04. 
6/89 (6.7%) had mild-to-moderate 
anaphylaxis during 8/172 (4.6%) 
challenges, 2 subjects twice to 
the same food, one to muffin (54 
months apart) and the other to 
pizza (9 months apart). 3 subjects 
had anaphylaxis after ingestion of 
100% of the serving, which was 
pizza in all 3 cases

Not reported Two (3.1%) 
male 
subjects 
in the AG 
had EoE. 
Five (8.3%) 
subjects 
in the 
comparison 
group 
reported EoE 
while strictly 
avoiding 
milk

Efron 
2018
Israel

61 17 months 
started and 
followed to 
40 months

vs 70 
months 

followed
(avoidance)

Sixteen children (37%) in the 
intervention group had an allergic 
reaction recorded during the 
protocol (10 reactions occurred 
during OFC). One was hospitalized

 Not reported  9 children (21%). Most 
reactions were mild such 
as minor rash around 
the mouth or tingling 
sensation of the tongue, 
with 2 children requiring 
an oral antihistamine. 2 
children who reacted at 
home and were treated 
with epinephrine

Not reported

(continues)
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vs. 50%) and more subjects were fully tolerant (30% vs 10% of 
controls) at 12 months. During the study, there were no severe 
or unexpected reactions, with only mild allergic symptoms 
that did not hinder the continuation of the reintroduction 
program. No subject received intramuscular adrenaline. 
Kim’s study 60 was a controlled study that enrolled 89 subjects 
affected by CMPA. Starting by hypotheses that children with CMPA 
include two phenotypes, the milder one was tolerant of baked 
milk products but not unheated milk, whereas those with the more 
severe phenotype were baked milk reactive, they hypothesized 
that children with the milder phenotype of milk allergy would be 
able to ingest baked milk products daily without negative effects 
on the development of tolerance to unheated milk. The 3 step 
ML like introduction started with baked milk. Baked milk tolerant 
were instructed to incorporate baked milk products daily into 
their diets and after 6 or more months were offered challenges 
to baked cheese (pizza) products. After 6 or more months, baked 
cheese–tolerant children were offered challenges to unheated 
milk. Controls were 60 children retrospectively gathered and 
matched for age, sex, specific IgE value who fulfilled the inclusion 
criteria but were not initially challenged to baked milk products. 
Forty-one (59%) active subjects had unheated milk tolerance in 
contrast to 13 (22%) subjects in the comparator group. Subjects 
who underwent active treatment (the per-protocol group, which 
excludes those with persistent baked milk reactivity) were 16 times 
more likely than the comparison group to become unheated milk 

tolerant (p < .001). Epinephrine was administered at a higher rate 
among the baked milk–reactive group than among the baked 
milk–tolerant group (17% vs 3%, p 0.04). Two (3.1%) male subjects 
in the active group had eosinophilic esophagitis (EoE). Five (8.3%) 
subjects in the comparison group reported EoE, which developed 
while strictly avoiding milk.
The Efron’s study 61 proposed a scale consisting of 5 steps from 
baked milk to fresh milk. It was a retrospective case-control study 
where children with CMPA who have passed an OFC with baked 
milk were treated with a ladder (n = 43) and were compared with 
a control group (n = 67) whose CMPA failed OFC with baked milk 
who were treated with strict avoidance until 4 years of age. The 
aim of the study was to evaluate the efficacy and safety of a ML 
approach on tolerance acquisition. The results showed a CMPA 
faster acquisition of tolerance in the ML treated group, 36 months 
compared to 98 months in the control. Sixteen children (37%) in 
the intervention group had an allergic reaction recorded during 
the ML protocol.
Finally, the work by Dunlop et al. 62 was designed to describe a long-
term follow-up after baked milk introduction. The authors performed 
a retrospective chart review of consecutive BM OFCs performed in 
their clinic. Children had to pass challenge to a 2 gram (¼ cup) baked 
milk (usually a cake or muffin). The avoidance group was composed 
of patients whose CMPA failed the initial baked milk challenge. ML 
approach was without fixed steps, starting from baked milk and, 
after 2-3 months of this intake, gradually increasing quantities while 

TAbLE IV.  (follows). Milk Ladder Safety in IgE Mediated Cow’s Milk Protein Allergy.

Author/year
Country

Reference

Age 
(mean)
Case vs 
controls

 Safety Reactions/Epinephrine
Reactions/Epinephrine 

at home
Eosinophilic 
esophagitis

Dunlop 
2018
USA

62 6,8 years
vs

8.8 years
(avoidance)

There were 79 reported milk 
reactions involving 68 patients (33% 
of total) during follow-up. Of these, 
78% were classified as mild, 14% 
severe 

Of 11 severe reactions, 4 were 
accidental exposures, 3 were 
planned escalations, and 4 
occurred with previously tolerated 
doses. None of the patients 
with severe reactions received 
epinephrine during their in-office 
challenge 

While many patients 
gave no single reason 
for stopping the BM 
introduction 8 patients 
reported reactions to 
more concentrated 
forms of milk, often by 
accident, which led to 
discontinuation of all 
milk ingestion. Eight 
reactions were treated 
with epinephrine, 
including 2 accidental 
exposures, 2 with 
planned escalations, 
and 4 occurring with 
previously tolerated 
doses.

6 patients 
developed 
EoE

OIT: oral immunotherapy, BM: baked milk, CMPA: cow’s milk protein allergy, EoE: Eosinophilic esophagitis,



The Role of Milk Ladder in Cow’s Milk Allergy

Documents from the SIAIP CommissionsDocuments from the SIAIP Commissions |  | 2929

reducing the cooking degree, such as pancakes and waffles, then 
progressing to oven baked cheese, and eventually uncooked dairy 
products if there are no symptoms in prior steps. The study collected 
data on 107 children who tested positive for milk oral challenge, 
with 19 placed on an elimination diet due to the severity of clinical 
reaction to the provocation test, and 88 gradually invited to consume 
increasing quantities of milk, starting from well-cooked and then less 
processed until fresh milk. Of the latter group, 29% could tolerate 
fresh milk at the end of follow-up, and 33% could consume a certain 
quantity of cooked cheese, while 38% remained on an elimination 
diet. There were 79 reported milk reactions involving 68 patients (33% 
of total) during follow-up. Of these, 78% were classified as mild, 14% 
as severe, and 6 patients developed EoE.

DISCUSSION
ML has been designed to get gradual home reintroduction of CM 
into the diet of children affected by non-IgE mediated CMPA, except 
for FPIES, to confirm milk allergy or tolerance, and in this way avoid 
OFC in the hospital. The main advantages expected from ML vs 
immunotherapy are CMPA facilitating the early reintroduction of milk 
and dairy products into the diet, reducing the wait and costs for an 
OFC in the hospital, reducing dietary restrictions, indicating a list of 
foods containing milk starting from the most easily tolerated up to 
whole milk and thus reducing the risk of serious reactions and CMPA 
facilitate the development of tolerance 63. Moreover, it was highlighted 
that it may reduce expenses and improve quality of life, reducing 
special foods and medical costs, anxiety and social limitations 64,65.
The only study performed in the literature in non-IgE mediated 
CMPA has confirmed that ML appears safe, having excluded IgE 
sensitization, even if the authors reveal that it was not easy to diagnose 
the development of tolerance or the persistence of the allergic 
state in all children 55. This study was carried out by an experienced 
gastroenterologist and dietitian at the Gastroenterology Department 
of Great Ormond Street Foundation and required the instruction 
of parents in recognizing the symptoms and filling standardized 
questionnaires with a symptom score appropriate for the diagnosis 
of a non-IgE mediated CMPA. The results of the study need further 
confirmations and cannot be extrapolated to other settings.
Regarding IgE-mediated CMPA, even if the use of ML was excluded 
by the authors in both the first 8 and the second article 9 , the practice 
has spread and to date 7 controlled studies have been published. 
The studies are very different from each other both in terms of the 
objectives and of the ML schemes used: only one study  59 used 12 
steps over 12 months starting from 0.1 ml of baked milk, whereas most 
studies used CMPA faster scales with only 3- 5 steps and one study 62 
the first step with baked milk and later an ML approach without fixed 
steps. Only two studies used to upgrade steps at home  56,59, in the 
remaining five controlled studies, 3 made all upgrading steps as 
supervised oral challenges in the Hospital 58 60 61, 2 studies made only 
the first OFC with baked milk in Hospital and the next step at home 57,62. 
In Italy, ML not been widely little followed, and most allergists 

reintroduce baked milk into the diet with an OFC or an early 
reintroduction of milk and dairy products into children’s diets with 
oral immunotherapy 66,67. 
As efficacy is concerned, the only study that controlled ML approach 
vs OIT 56 showed that the ML approach reaches similar tolerance 
levels. The other studies that have controlled the effectiveness of 
ML approach vs avoidance and showed that a significant higher 
proportion of ML patients reach tolerance earlier than controls who 
remain on strict diets. However, the great majority of these studies (4 
out 5) enrolled children in which tolerance to baked milk had been 
demonstrated with an in hospital OFC, before starting ML 57,60,61,62. This 
is worth of note as some authors suggest that BM tolerance could 
only highlight a less severe phenotype of CMPA6,68. On the other 
hand, in support of the effectiveness of the ML, other retrospective 
studies have described success rates higher than 90% 63,69,70.
In term of safety, 6/7 studies presented data on safety. The only 
study 57 that did not present data on safety suggests that ML is a 
safe therapeutic alternative method to OIT. However, it is necessary 
to emphasize that this study enrolled only children with CMPA who 
tolerated baked milk in the form of muffins. 
All the other studies have shown that ML is burdened with side 
effects, which varies in different studies. Adrenaline was required 
in 5 out of 6 studies 56,58,60,61,62, with three reporting administration 
during home-based phases of the ML 56,61,62. Two studies 58,59 stated 
that adrenaline was not necessary for the home phase. However, in 
the first study 58 the upgrading steps were performed in the hospital, 
where adrenaline was administered and in the second study 59, the 
mean age was the lower than all the other studies (< 12 months). This 
would be worth of note, as lower age was associated with success 
of ML in 2/7 studies 61,62 and the earliest reintroduction of milk it has 
been suggested to promote the development of tolerance in non-
controlled studies 71 while symptom severity does seem to increase 
with increasing age  72. This emphasizes the importance of ensuring 
that families are well-trained in recognizing severe allergic reactions 
and know how to administer epinephrine. Additionally, clinicians 
should assess each child’s risk before initiating home-based ML steps, 
especially in children with a history of anaphylaxis or asthma.
Onset of EoE was reported in 3/7 studies. In Kim’s study 60 3.1% of 
cases and 8.3% of controls had EoE while in Dunlop’s study 62 it was 
referred only in 6/206 (0.03%) of cases. In the thirs, Nowak-Wegrzyn 58 
observed that there were no cases of EoE among the participants in 
this study. 
A systematic review with meta-analysis on baked egg and milk 
dietary advancement therapy (OIT plus Ladder or for milk and egg) 
has recently been published 73. Inclusion criteria were randomized 
control trials (RCTs), cohort studies, case-control and case-series 
that include, among others, the words “ladder” and “milk” in their 
pre-specified PICO. Regarding the ML, it showed that while the meta-
analyzed estimates do show high level of desensitization (OR 0.61 
(0.33-0.86)) and tolerance (OR 0.69 (0.50-0.85)), compared to the 
amalgamated placebo estimates, the authors concluded that based 
on the available data, differences in protocols, patient populations, 
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study durations, lack of robust controls, and lack of clear study 
design, no conclusion could be reached if ML ingestion accelerates 
the development of tolerance. As for safety, based on the available 
safety outcomes including also single-arm meta-analyzed data, 
the authors suggest that the ML approach is generally safe. In their 
conclusions, caveated by very low certainty and high risk of bias, the 
authors underscore, however, that allergic reactions, including severe 
reactions at home requiring epinephrine, and unfortunately even two 
deaths attributable to the ML approach 74,75, do occur, and thus the ML 
is not without risk. 
Some CMPA risk factors have been suggested to increase the risk of 
reactions during ML including increasing age (or age over 6 years), 
episodes of moderate-severe anaphylaxis, especially from baked milk, 
high skin prick test wheal or serum specific IgE levels, low previous 
reaction threshold, poor asthma control, psychosocial control, etc. 10,76 .
Among these, only increasing age, as mentioned above, and milk 
specific IgE levels (in the Dunlop study 62, even if there was high 
interindividual variability in-these associations) were inversely 
associated with the success of ML in the controlled studies selected 
in our review. 

CONCLUSION 
In non-IgE Mediated CMPAs, a prospective controlled study, in which 
FPIES and the presence of specific IgE were excluded, showed that the 
ML approach is not burdened with relevant side effects. Although this 
observation needs to be confirmed by other studies, considering the 
advantages of the ML approach, we believe it is advisable to follow it.
In IgE-mediated CMPA, considering that: a) several studies showed 
that ML approach is burdened, albeit infrequently, by adverse effects, 
even serious ones; b) there are no predictive CMPA factors to date 
capable of excluding serious reactions in the individual child; c) 
there is evidence that the introduction of extensively cooked milk 
can be tolerated in most children with APLV; d) there is evidence that 
the continuous introduction of cooked milk is followed by earlier 
tolerance for raw milk; e) in children with IgE-mediated CMA who 
do not tolerate unheated and baked milk, it is suggested do not use 
oral immunotherapy with baked cow’s milk 77, we suggest that ML 
at home should not be routinely encouraged in children with IgE-
mediated allergy. If used to perform the first step with baked milk as 
supervised, oral challenges in the hospital seems advisable. The next 
steps could be one of the following if BM is tolerated, and it is possible 
to continue BM administration (and eventually try to introduce 
other milk derivatives such as parmesan or yogurt with OFC) and 
subsequently verify the development of CM tolerance or to continue 
an ML approach, only in children without a clinical history of severe 
reactions or recurrent wheeziness starting as early as possible and 
anyway not in children > 6 years old, until the gradual introduction of 
raw cow’s milk is obtained. 
If BM is not tolerated, start an oral immunotherapy with milk.
In all three ways, allergic reactions, even serious ones, are possible 
and therefore must be performed with the same precautions as oral 

immunotherapy. Thus, parents should be informed regarding the risks 
of these procedures as well as the ongoing availability of emergency 
medications and prompt treatment of reactions, even while eating 
forms and doses of milk that have previously been tolerated. Further 
prospective controlled studies are needed to clarify which of the 
three is the best and/or is most suitable for the different phenotypes 
of CMA. Until then, the choice of which of the three paths to follow 
remains entrusted in the individual case to the allergist based on age, 
and clinical history, considering the preferences of the parents and, 
when possible, of the child. 
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