
Effects of Cow’s Milk Components, Goat’s Milk and Sheep’s 
Milk Sensitivities on Clinical Findings, and Tolerance 
Development in Cow’s Milk Allergy

Objective: Cow’s milk (CM) contains some proteins capable of causing an allergic reaction in a sensitized individual and one of 
the most common causes of food allergy in childhood. Most of the patients will develop tolerance by the age of 3. In this study, we 
aimed to evaluate sensitivity to CM allergen components as well as goat’s milk (GM) and sheep’s milk cross reactions in cow’s milk 
allergic (CMA) patients and to figure out the risk factors for tolerance non-development. 
Methods: This is a retrospective cross-sectional study including 66 patients for IgE-mediated CMA with mean age of 38 months. 
We evaluated the patients in two groups: Group 1 (n=50): Patients who have no tolerance in oral food challenge test; Group 
2 (n= 16): Patients who were found tolerant to CM after elimination diet. Cow’s milk-spesific IgE(sIgE), α-lactalbumin(ALA)-sIgE, 
β-Lactoglobulin(BLG)-sIgE, casein-sIgE,  goat's milk-sIgE, sheep's milk-sIgE, skin prick tests(SPTs) with CM and GM, eosinophils in 
peripheral blood were all compared between two groups. 
Results: In the whole group, goat's milk-sIgE and sheep's milk-sIgE were positive in 84.8% and ALA-sIgE, BLG-sIgE, casein-sIgE were 
positive in 69.7%, 62.7%, 77.3% of the patients, respectively. Two groups were similar in terms of age at onset and diagnosis, gender, 
median elimination period, total IgE levels, cow’s milk-sIgE and eosinophilia (p>0.05). Mean wheal diameters of CM and GM in SPT 
(p<0.001), goat's milk-sIgE (p=0.03), sheep's milk-sIgE (p=0.01) were significantly higher in Group 1. Cow’s milk-sIgE showed  a posi-
tive correlation with total IgE (p=0.001), eosinophilia percentage (p=0.04), CM wheal diameter in SPT (p=0.001), casein-sIgE (p<0.001), 
goat's milk-sIgE (p<0.001), sheep's milk-sIgE (p<0.001) in Group 1. Patients with respiratory symptoms and history of anaphylaxis had 
higher cow’s milk-SPT, cow’s milk-sIgE, casein-sIgE, goat's milk-sIgE, sheep's milk-sIgE levels(p<0.05). Gastrointestinal and skin symp-
toms showed no relation with laboratory findings. Any patient with a history of anaphylaxis did not develop tolerance. 
Conclusions: As with cow’s milk-sIgE levels and high induration diameters in SPT; high casein-sIgE, sheep's milk-sIgE and goat's 
milk-sIgE levels are also risk factors for persistence of CMA. Anaphylaxis, as a first reaction, may also be a risk factor. High cow’s milk-
sIgE, casein-sIgE, sheep's milk-sIgE, goat's milk-sIgE levels are associated with respiratory symptoms.
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Introduction
Cow’s milk allergy (CMA) is the most common food allergy 
seen in children with a prevalence of 2–5% worldwide.[1-3] 
Most of the children with CMA become tolerant to milk at 
3 years.[4,5] In IgE-mediated CMA, symptoms appear within 
minutes or hours after consuming milk or milk products. 
Skin manifestations (urticaria/angioedema), respiratory 
symptoms (sneezing, wheezing, and dyspnea), gastrointes-
tinal symptoms (nausea, vomiting, and abdominal pain), or 
anaphylaxis may occur.[6]

Clinical history, skin prick test (SPT), cow’s milk (CM)-specific 
IgE levels, and oral food challenge (OFC) test are the basis 
of diagnosis. SPTs and specific IgE (sIgE) levels demonstrate 
sensitization, but food challenge test is the gold standard for 
the diagnosis of clinical allergy. There is not a definitive treat-
ment for CMA.[3] Management involves rescue medication in 
the event of accidental reactions and avoidance of CM.[7]

Cow’s milk contains more than 40 different proteins, all of 
which may act as antigens. The main allergens are caseins 
and whey proteins, α-lactalbumin (ALA) and β-lactoglob-
ulin (BLG).[8-10] In CMA, all IgE molecules do not have equal 
level of pathogenicity, persistent allergy may relate to 
some IgE types specific to different epitopes.[11,12] There 
can be also reactions with phylogenetically related animal 
milks such as water buffalo, sheep, goat, and horse because 
of similar milk protein expression.[6] The casein plays the 
main role regarding the cross-reactivity among bovine’s 
milk and other mammalian milks.[13] Clinical cross-reactiv-
ity with goat’s milk (GM) is 90–92% and sheep’s milk (SM) is 
quite high.[14-17]

Various levels of component sensitivity were reported in 
different studies.  In this study, we aimed to investigate sen-
sitization patterns against cow’s milk allergen components 
as well as goat’s milk (GM) and sheep’s milk (SM) sensitivity 
in CM allergic patients and to figure out the risk factors for 
tolerance non development.

Material and Methods
This is a retrospective cross-sectional study, including 66 
patients who were followed up in the pediatric allergy 
clinic for IgE mediated cow’s milk allergy with a mean age 
of 38 months. The patients who had a sudden allergic reac-
tion associated with intake of CM were investigated  for 
IgE-associated CMA with SPT and cow’s milk-sIgE measure-
ments. Patients who had a positive OFC result or a clear-cut 
history of anaphylaxis after milk ingestion were diagnosed 
as IgE-mediated CMA according to guidelines.[18]

The CMA diagnosis was first proven by open OFC test 
with formula (in children under 1 year old) or CM (in 

children older than 1 year). Open OFC tests were repeated 
at 6-month or 1-year intervals to evaluate the development 
of tolerance. If the symptoms were resolved with CM elim-
ination diet and OFC test was negative, it was considered 
as tolerance development to CM and patients started to 
consume CM.

The patients with IgE-mediated cow's milk allergy were 
evaluated in two groups according to the development 
of tolerance. Group 1 (n=50): Patients who were found 
not tolerant to cow's milk with OFC test and still follow-
ing an elimination diet. Group 2 (tolerant- group) (n=16): 
Patients who were found tolerant to CM with OFC test 
after elimination diet. The median elimination diet period 
was 24 (6-130) months in patients. Total IgE, CM-sIgE, ALA-
sIgE, BLG-sIgE, casein-sIgE, goat's milk-sIgE and sheep's 
milk-sIgE, skin prick tests with CM and GM,  percentage 
of eosinophils in peripheral blood were all compared 
between two groups. To identify accompanying egg 
allergy, SPTs and sIgE levels with egg were performed.

Skin Prick Test
SPTs were performed to all patients with fresh food (one 
drop of each fresh milk containing 3.5% fat) and commer-
cial extracts  (ALK-Abello A/S, Horsholm, Denmark standard 
prick test solutions for cow’s milk and hen's egg). Single-
peak lancets (1 mm diameter) (stallerpoint, Stallergenes, 
SA, laboratories) were used to prick the skin. Histamine (10 
mg/ml) was used as positive control and NaCl (0.9%) was 
used for negative control.  A wheal size ≥ 3 mm larger than 
the negative control was accepted as positive.

Specific IgE Measurement
The total serum IgE and sIgE to CM proteins (α-lactalbu-
min, β-lactoglobulin, casein), whole cow’s milk, goat’s 
milk and sheep’s milk were determinated using the CAP 
system-FEIA (Pharmacia Upjhon). Specific IgE titres were 
quantified in protein units designated as kilo units of anti-
body per litre (kU/L). sIgE ≥ 0.35 was considered positive.

OFC Test
OFC tests were started using 0.1 mL diluted pasteurized 
CM with 3.3% protein content (1:10, milk:water) and were 
continued with increasing amounts of undiluted milk 
every 15–30 min until the amount of 200 mL CM (6540 mg 
milk protein) was taken or until a reaction was noted. Oral 
challenge results were considered positive when objec-
tive symptoms occurred. Urticaria, angioedema, airway 
obstruction signs (e.g., dyspnea, rales, and rhonchi), vomit-
ing, and anaphylaxis were evaluated as the objective reac-
tions.[18,19] Sensitive patients with no reactions in OFC were 
accepted as tolerant.
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Statistical Analysis
In the study, statistical analyses were performed using the 
Statistical Package for the Social Sciences (SPSS, Chicago, 
Illinois, USA), version 23.0 software. Descriptive statistics 
were presented with mean, standard deviation, median, 
minimum and maximum values, frequencies, and percent-
ages. Whether the distribution of each variable in the data-
set fits the normal distribution was tested and variables 
that were not suitable for normal distribution were evalu-
ated by non-parametric tests. A Chi-square test was used 
in the analysis of categorical data. Mann–Whitney U-test 
was used in binary independent group comparison. The 
Pearson correlation analysis was performed to assess the 
correlation between the scale scores. The results were eval-
uated at a significance level of p<0.05.

Demographic and clinical characteristics of the patients 
and laboratory results were recorded to questionnaire 
forms for every patient.  The study was approved by the 
local ethics committee (IRB No. 20-5.1T/59) and informed 
consent was obtained from all parents/guardians.

The sample size of this research was calculated with G * 
Power V3.1.9.7 software. The effect size was calculated as 
0.901 based on average casein sIgE in patients with and 
without tolerance due to the literature. The minimum sam-
ple size was calculated as 32 (16 people in both groups) 
with  d=0.901 sampling error at 95% (α=0.05) confidence 
interval limits for a power of 0.80. 

All non tolerant patients were included in the study to eval-
uate the relationship between clinical and laboratory find-
ings of these patients (n=50).

Results
Sixty-six patients with immunoglobulin-E-mediated CMA, 
43 (65.1%) of whom were female were evaluated in this 
study. Most patients presented first symptoms within 6 
months of age and average age of diagnosis was 7.8±4.7 
months. Mean age of onset and diagnosis was 6.7±2.8 
(2–18) and 7.8±4.7 (2–24) months, respectively. Mean age 
of the patients at study time was 38±7.1 (32–164) months.

More than half of the patients had a family history of atopy 
(54.5%). First reactions developed after consuming yogurt 
or formula, mostly. The symptoms were consisted of skin 
reactions (including urticarial and/or angioedema) (86.9%, 
n=57), respiratory distress (including cough, broncho-
spasm, or wheezing) (23%, n=15), gastrointestinal symp-
toms (23%, n=15), and anaphylaxis (7.5%, n=5). There was 
hen egg sensitivity in seven patients. Two of them who 
were in elimination group had hen egg allergy. 73% (n:48) 

of the patients had a reaction history after consumption of 
goat’s or sheep’s milk.

Tolerance to CM developed in 24.2% (n=16) of all patients 
(patients in Group 2). The median elimination diet period 
was 24 (6–130) months in Group 1 and the median elimi-
nation period before tolerance development was 23 (6–36) 
months in Group 2.

In Group 1, the median cumulative provocative dosage of 
OFC test was 6±7.5 mL (180 mg milk protein). The provo-
cation reactions consisted of urticaria (70.8%), respiratory 
distress findings (including bronchospasm, wheezing, and/
or sibilant rhonchi) (24%), angioedema (12%), and vomit-
ing (2.3%).

In all patients, goat’s milk-sIgE and sheep’s milk-sIgE were 
both 84.8% positive and percentage of positivity of ALA-
sIgE, BLG-sIgE, casein-sIgE were 69.7%, 62.7%, 77.3%, 
respectively. 

In the whole group, goat’s milk-sIgE and sheep’s milk-sIgE 
were both positive in 84.8% and ALA-sIgE, BLG-sIgE, casein-
sIgE were positive in respectively 69.7%, 62.7%, 77.3% of 
the patients.

Table 1 shows median age of onset, gender, and median 
levels of sIgE for CM, CM components (CAS, ALA, and BLG), 
GM, and SM, and median diameters in SPT for CM and GM 
in both groups.

Two groups were similar in terms of gender, age at onset 
and diagnosis, levels of total IgE, CM-sIgE, ALA-sIgE, BLG-
sIgE and percentage of eosinophilia %. The mean wheal 
diameters of CM and GM in SPTs, casein-sIgE, goat’s milk-
sIgE, sheep’s milk-sIgE were significantly higher in Group 1  
(Table 1 and Figs. 1-3).

In both Groups 1 and 2,  casein-sIgE was positively cor-
related with ALA-sIgE (p<0.001,  p=0.003, respectively), 
goat’s milk-sIgE (p<0.001,  p<0.001, respectively), sheep’s 
milk-sIgE (p<0.001, p<0.001, respectively); whereas  not 
correlated  with BLG-sIgE  (p=0.12, p=0.12, respectively) 
(data not shown).

Patients with respiratory symptoms and history of anaphy-
laxis had higher CM-SPT, CM-sIgE, casein-sIgE, goat’s milk-
sIgE and sheep’s milk-sIgE levels (Table 2).

In Group 1, cow’s milk-sIgE was positively correlated with 
total IgE, eosinophils %, CM wheal diameter in SPT, casein-
sIgE, goat’s milk-sIgE, sheep’s milk-sIgE. There was no cor-
relation between provocative dosage in OFC test and 
laboratory tests in this group (Table 3). In Group 2, cow’s 
milk-sIgE was correlated with all laboratory parameters 
except total IgE (Table 3).



394 The Medical Bulletin of Sisli Etfal Hospital

Table 1. Demographic and laboratory features of the patients according to the groups

Laboratory features Group 1 (n=50) Group 2 (n=16) P

Median age of onset (months) 7.7 (2–24) 6.7 (2–18) 0.81

Gender (female) 68% (n=34) 62.5% (n=10) 0.29

Total IgE (IU/ml) 341±200 243±219 0.41

Eosinophil % 4.2±3 4.7±3.8 0.6

Cow’s milk-SPT (mm) 10.6±6.4 3±4.2 <0.001

Goat’s milk-SPT (mm) 9.6±6.9 2.5±2 <0.001

CM-sIgE (kUA/l) (median) 14.6 (1–162) 4 (1.2–45) 0.06

ALA-sIgE (kUA/l) (median) 4.4 (0.7–100) 0.32 (0.8–34) 0.08

BLG-sIgE (kUA/l) (median) 3.27 (0.5–100) 0.25 (0.4–24) 0.06

Casein-sIgE (kUA/l) (median) 9.5 (0.9–136) 0.32 (0–54) <0.001

Goat’s milk sIgE (kUA/l) (median) 9.2 (0–124) 0.6 (0–57) 0.003

Sheep's milk-sIgE (kUA/l) (median) 11 (0–125) 0.64 (0-84) 0.01

CM: Cow’s milk, A-LA: α-Lactalbumin; BLG: β-Lactoglobulin; CAS: Casein; GM: Goat’s milk; SM: Sheep’s milk; SPT: Skin prick test.

Figure 1. The CM-sIgE, GM-sIgE, and SM-sIgE measure-
ments of the patients according to the groups. CM: Cow’s 
milk, GM: Goat’s milk, SM: Sheep’s milk.

Figure 2. The ALA-sIgE, BLG-sIgE, and CAS-sIgE measure-
ments of the patients according to the groups. ALA: α-Lac-
talbumin; BLG: β-Lactoglobulin; CAS: Casein.

Anaphylaxis (n=5) were seen mostly with higher cow’s 
milk-SPT (14.5±10 [4-35] mm; 10±5.7 [0-30] mm, p=0.04), 
median cow’s milk-sIgE (44.8 [0-100] kUA/l; 11.8 [0-86] 
kUA/l, p=0.02),  median casein-sIgE (37.4 [0-136]; 8.7 [0-100] 
kUA/l, p=0.02), median goat’s milk-sIgE (35.5 [0-100] kUA/l; 
6.7 [0-124] kUA/l, p=0.03), median sheep’s milk-sIgE (29.9 
[0-125] kUA/l; 8.9 [0-118] kUA/l, p=0.03), respectively.

Discussion

CMA is the most common food allergy in childhood.[20] In 
this study, we evaluated sensitization patterns against 

cow’s and milk allergen components as well as GM and SM 
sensitivity in CMA and to investigate these factors to distin-
guish children with persistent CMA from children develop-
ing tolerance.

Component diagnostic testing may provide more accu-
rate assessments of clinical reactivity to food allergens.[21] 
Docena et al.[22] identified casein as the major allergenic 
protein of CM. According to their study, all patients’ sIgE 
levels were positive for milk and casein, and 17.5% for BLG 
and 5% for ALA. World allergy organization guidelines 2010 
reported alpha-lactalbumin role in milk allergy according 
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Figure 3. The wheal diameter of CM and GM in SPT of the 
patients according to the groups. CM: Cow’s milk, GM: 
Goat’s milk, SPT: Skin prick test.

to data studies as 0–80%.[6] Beta-lactoglobulin, which is the 
most abundant CM whey protein, was reported to affect 
13–76% of patients. In 2012, Chen et al.[23] reported a dif-
ferent distribution of CM protein sensitization of Taiwanese 
patients as the sensitization rate to ALA-sIgE was 60%, fol-
lowed by BLG (46.8%) and casein (40.5%). Jessadapakorn 
et al. study, the sensitization rate to BLG and casein was 
91.7%, followed by ALA (66.7%) for CMA.[24]

In this study, it was remarkable the positivity rate of milk 
components sIgE in patients with no tolerance (Group 1), 
all of three components sIgE percentages were found high 
as ALA-sIgE 74%, bLG-sIgE 82%, and casein-sIgE 86%.

This study has shown that the patients in CMA tend to con-
sume other mammals milk (73% of the patients). For cross 

reactivity we looked to goat’s milk-sIgE and sheep’s milk-
sIgE levels, in 84.8% of the patients both were found ele-
vated as other studies in different societies. 

The cow’s milk proteins and biological properties similar to 
the milk of other mammals.[17] In literature, especially alpha 
casein in cow’s, goat’s and sheep’s milk is highly cross reac-
tive.[25,26]

To date guidelines recommends highly hydrolysed or 
amino acid formula instead of cow’s milk to CMA patients 
younger than 2 years old as an alternative therapy but not 
other mammalien milks.[6]

In Høst and Halken study, the overall prognosis of CMA was 
good with a total recovery of 87% at 3 years.[27] Studies have 
reported risk factors for the development of tolerance. In 
some studies, high wheal diameter of CM in SPT were and 
high CM-sIgE levels also reported as risk factor for toler-
ance.[28-30] Moreover, high casein levels were also found 
related with the persistence of CMA.[11,12] In Sicherer et al.[31] 
has defined high casein and cow’s milk sIgE levels as risk 
factors for persistent CMA.

In our study similar to the literature cow’s milk-sIgE and 
casein-sIgE levels were found high in patients with no tol-
erance to CM. Beyond these studies we also found an asso-
ciation with elevated GM and sheep’s milk-sIgE levels with 
persistance of CMA. Besides, this study showed that goat’s 
milk wheal diameter in SPT is to be a risk factor in CMA. The 
low levels of goat’s milk-sIgE and sheep’s milk-sIgE in toler-
ance group is remarkable.

Table 2. Laboratory parameters according to respiratory symptoms in Group 1

Laboratory parameters Respiratory findings P

Yes (n=12) No (n=38)

Cow’s milk-SPT (mm) 12±10 7±5.9 0.04

Goat’s milk-SPT (mm) 10.6±8.3 7±6.7 0.12

Cow’s milk-sIgE (kUA/l) 
(median)

26.4 (0.35–162) 17.6 (0–100) 0.03

ALA-sIgE (kUA/l) (median) 5.8 (0–82) 4.4 (0–100) 0.15

BLG-sIgE (kUA/l) (median) 7.1 (0–53) 3.3 (0–100) 0.19

Casein-sIgE (kUA/l) 
(median)

33 (0.3–136) 13±17 (0–71) 0.02

Goat’s milk-sIgE (kUA/l) 
(median)

10.3 (0–124) 7.3 (0–75) 0.04

Sheep's milk-sIgE (kUA/l) 
(median)

24 (0–125) 11 (0–91) 0.03

Eosinophils% 4.7±3 3.4±2.8 0.02

ALA: α-Lactalbumin; BLG: β-Lactoglobulin; SPT: Skin prick test.
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Ahrens et al.[32] reported that children became tolerant 
earlier if their sIgE levels against the two whey proteins 
from CM; ALA-sIgE and BLG-sIgE and against two of the 
four casein fractions αs1 and κ-casein- sIgE were low. In 
our study, levels of ALA-sIgE and BLG-sIgE were lower in 
elimination group but it wasn’t statistically significant. We 
didn’t find any relationship with tolerance and total IgE 
levels, gender, percentage of eosinophils, age of onset and 
diagnosis.

In Petersen et al.[33] study, a correlation between sIgE level 
to cow's milk and casein and the severity of the allergic 
reaction by food challenges was found. In our study, we 
showed that respiratory symptoms and anaphylaxis were 
associated with high CM-sIgE levels. Besides,  casein-sIgE, 
goat’s milk-sIgE, sheep’s milk-sIgE levels were also elevated 
in patients with respiratory symptoms. But, we didn’t find 
any relation between milk component levels and different 
symptoms. None of the patients developed a tolerance for 
CM had anaphylaxis as reaction whereas 5 allergic patients 
first reaction was anaphylaxis which can be also considered 
as a risk factor for tolerance.

Study Limitations
There are several limitations to this study. The diagnosis of 
CMA was not based on double-blind, placebo-controlled 
food challenges. However, only objective findings in open 
OFC test or history of anaphylaxis after ingestion of CM 
were considered significant for diagnosis. There is no doubt 
about the diagnosis of CMA in children. Because of a reac-
tions was reported by their families due to the consump-
tion of other mammalian milk on 73% of these patients, 
and high sIgE positivity and measurements were detected 
in all, we didn’t perform OFC tests with goat’s and sheep’s 
milk.

Conclusions
As with CM-sIgE levels and high wheal diameters in SPT, 
high casein-sIgE, sheep’s milk-sIgE, goat’s milk-sIgE levels 
are also risk factors for persistence of CMA. Anaphylaxis, as 
a first reaction, may also be a risk factor. High cow’s milk-
sIgE levels, casein-sIgE, sheep’s milk-sIgE, goat’s milk-sIgE 
are associated with respiratory symptoms. It should be 
considered that sensitivity to GM and SM may also be high, 
especially in patients with high cow’s milk-sIgE, casein-sIgE 
or CM induration diameters in SPT.
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r=0.009

p=0.05

r=0.028

p=0.85

r=0.142

p=0.39

r=–0.034

p=0.95

r=-0.07

p=0.6

r=–0.23

p=0.12

r=–0.019

p=0.2

r=–0.235

p=0.11

Group II

CM-sIgE r=0.302

p=0.25

r=0.768

p<0.001

r=0.788

p<0.001

r=0.651

p=0.006

r=0.808

p<0.001

r=0.608

p=0.013

r=0.931

p<0.001

r=0.935

p<0.001

r=0.937

p<0.001

OFC: Oral food challenge; CM: Cow’s milk; ALA: α-Lactalbumin; BLG: β-Lactoglobulin; CAS: Casein; GM: Goat’s milk; SM: Sheep’s milk; SPT: Skin prick test.
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