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ABSTRACT

Cow's milk allergy (CMA) is an immunological response to cow's milk proteins such as casein,
a-lactalbumin and B lactoglobulin. The aim of this study was to determine the most common
cow's milk allergenic proteins in patients with CMA and identify the most effective proteins in
different allergic symptoms.

Eighty seven patients (<18 years) with allergy to cow’s milk from 2006 to 2013 entered this
study. They had a positive history of allergic reactions to cow’s milk and a positive specific IgE
test to whole cow's milk. The patients’ symptoms were divided into four groups. Serum specific
IgEs against four different main proteins of cow's milk were measured using RIDA Allergy
Screen.

Among 87 patients, 53 (60.5%) were male and the median age was 2.5 years. The frequency of
respiratory, skin, gastrointestinal symptoms, and anaphylaxis were 63.3%, 55.7%, 20.3%, and
13.4%, respectively. Specific IgEs to total cow's milk protein (n=75, 89.3%), and the main Cow’s
Milk Proteins including a-lactalbumin (n=65, 77.4%), casein (n=04, 75.3%), B-lactoglobulin
(n=52, 62.7%), and bovine serum albumin (n=35, 44.9%) were detected. Specific IgE tests to -
lactoglobulin were positive in 90% of the patients with anaphylaxis. Moreover, significant
relationship was found between specific IgE to -lactoglobulin and anaphylaxis (p=0.04).

Although it is presumed that o-lactalbumin and casein are the most common allergenic
proteins of cow's milk, in this study there is a significant relationship between the anaphylaxis and
the presence of B-lactoglobulin-specific IgE. Therefore, more precautions are recommended due
to possible anaphylactic reactions in patients with a positive test history for B-lactoglobulin
specific IgE.
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INTRODUCTION

Cow's milk protein allergy (CMPA), as one of the
most common food allergies, involves 2 to 6% of
children, especially during the first year of life."? Cow’s
milk is also the most common food allergen in
developing the food allergy and anaphylaxis in Iranian
children.® Although half of these patients recover in the
second year of life, it is necessary to precisely identify
the cow's milk allergy (CMA) in patients to prevent the
low bone density, anemia, and failure to thrive.t
Although 1gG and IgA are the most abundant types of
immunoglobulins produced against food antigens but
high level of specific IgE is the main cause of allergies.*
Anaphylactic reactions to cow's milk protein (CMP) are
the most severe symptoms in CMA, however a wide
spectrum of manifestations are considered for CMA®
including (eczema, asthma and/ or/ rhinitis, nausea and
diarrhea).®’

There are more than 40 types of proteins in cow's
milk which have antigens similar to human species.?
These proteins have different origins. The most
important proteins that the cow's mammary glands
produce include whey proteins (o-lactalbumin, [-
lactoglobulin) and caseins. Besides, some other proteins
such as bovine serum albumin (BSA), lactoferrin or
immunoglobulins (Igs) originate from the blood.’

Allergenicity of cow’s milk proteins in children with
CMA has been shown in different studies worldwide, it
is for the first time reporting the most common cow's
milk allergen with respect to allergic symptoms in Iran.
Although the gold standard of diagnostic test for food
allergies is the food challenge test but evaluation of
specific IgE to CMPs (accompanied by allergic
symptoms) can also be a useful test in diagnosis of cow’s
milk allergy."* Thus it would be applicable for
preventing the possible anaphylactic reactions caused by
an oral food challenges.*

The aim of this study was to determine the most
common cow's milk allergenic proteins in patients
referred to Immunology, Asthma and Allergy Research
Institute (IAARI) with CMA and, to identify the most
effective proteins in different allergic symptoms.

MATERIALS AND METHODS

All patients(n=87, <18 years) with a positive history
of CMA and specific IgE levels >0.35 IU/ml against
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whole Cow's milk proteins (CMPs) who had been
referred to Immunology, Asthma and Allergy Research
Institute (Tehran, Iran) between Jan 2006 and Dec 2013
were entered this study. A specific questionnaire
including  demographic  characteristics,  clinical
manifestations and principal complaints was fulfilled
for them. Two milliliters whole blood was collected
after obtaining the informed consent from each patient or
their parents and the sera were stored at -70°C. The
patients’ symptoms were divided into respiratory
symptoms (coughing, breathlessness, wheezing, and
rhinorrhea), skin symptoms (eczema, urticaria),
gastrointestinal symptoms (diarrhea, vomiting, bloody
stool), and anaphylaxis. Using the sera of the patients,
total serum IgE was measured by enzyme linked
immunoassay (total IgE ELISA kit, Genesis, Germany).
Also, immunoblot (RIDA Allergy screen test, R-
Biopharm, Germany) was used for determining specific
IgE against total cow's milk proteins (a-lactalbumin, f-
lactoglobulin, casein and bovine serum albumin). A 0-6
grade was considered according to RIDA Allergy screen
kit for specific IgE concentrations, and the amount of
IgE more than 0.35 IU/ml was classified as positive in
our analyses.

Statistical Analysis

The concentrations of total and specific IgEs to
different cow’s milk proteins were reported through
median with the 1% and 3™ quartiles (Q1, Q3). The
frequency of the symptoms in the study subjects and
positive specific IgE tests to different CMPs were
recorded by count and percentage. The relationship
between the different symptoms and specific IgE test
results (positive/negative) to different CMPs were
assessed using pearson’s chi-squared or fisher’s exact
test as appropriate. p-values less than 0.05 were
considered statistically significant and analyses were
performed using SPSS software version 18.

RESULTS

Among 87 patients, 53 (60.9%) were male and the
median age was 2.5 yrs (Min: 3m- Max: 18y). Most of
the participants were under 3 years of age. The median
concentration of total IgE was 83.60 1U/ml [(Q1, Q3)=
(13.35, 398.15)]. The median concentrations of serum
specific IgEs to CMPs have been shown in table 1. The
frequencies of different symptoms in patients were as
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follows: respiratory symptoms (n=50, 63.3 %), skin
symptoms (n=44, 55.7%), gastrointestinal symptoms
(n=16, 20.3%), and anaphylaxis (n=11, 13.4%).
Positive specific IgE to total cow’s milk, a-lactaloumin,
casein, B-lactoglobulin, and bovine serum albumin
were detected in 75(89.3%), 65(77.4%), 64(75.3%),
52(62.7) %, and 35(44.9%), respectively. Positive
specific IgE to different symptoms is shown in table 2.
Accordingly, a-lactalbumin and casein were the most
common allergenic proteins in the patients. There were
a significant relationships between positive specific IgE
to B-lactalbumin and anaphylaxis (p=0.04) as well as
between positive specific IgE to casein and respiratory
(p=0.01) and skin (p=0.003) symptoms. There were
positive specific IgEs to B-lactoglobulin in 90% of the
patients with anaphylaxis (Table 2).

DISCUSSION

In this study, the most common allergenic proteins
of cow’s milk in patients referred to IAARI with CMA
were found as o—lactalbumin and casein. There were
significant associations between B-lactoglobulin with
anaphylactic reactions and also casein with respiratory
reactions and skin reactions.

In a study by Pourpak et al, 44.5% of the children
with atopic dermatitis were sensitive to cow's milk
allergens.” The strong positive correlation between

CMA and high levels of specific IgE to CMP has been
shown although it can also be detected in non allergic
patients.™

Evidences have shown that CMA symptoms usually
disappear during the first three years of life in most
patients."* We found that the frequency of CMA in less
than 3 years was higher than those the other age groups
which is compatible with the results of a study by
Matsumoto et al.*®

In parallel to our study, Ngamphaiboon et al
reported that the respiratory symptoms were the most
common manifestations of CMA in allergic patients.
The prevalence of anaphylactic reactions in their
study'® was lower than our report (0.2 versus 13.4%),
which may be due to the high rates of anaphylactic
patients referring to IAARI. Cow’s milk has been
known as the most common reason of food anaphylaxis
in Iranian children, thus it is necessary to find out the
causal factors of this fatal reaction."’

Patients with CMA may suffer from a range of
clinical symptoms from mild cutaneous signs to fatal
reactions such as anaphylaxis.®’ Santos, et al. found
cutaneous (81%), gastrointestinal (55%), respiratory
(16%) and anaphylactic symptoms (3%) in their
patients that is inconsistent with our study,*®?* while
Restani, et al. showed that the prevalence of
anaphylaxis, asthma, and gastrointestinal
manifestations was 12.8%, 20.8%."

Table 1. Concentrations of serum specific IgE to different cow’s milk proteins in patients with cow’s milk allergy (CMA)

Proteins Concentration of serum specific IgE (1U/ml) Median (Q1, Q3)

Whole Cow’s milk

o —lactalbumin

B- lactoglobulin
Caseins

Bovine Serum Albumin

1.36 (0.6, 3.66)
1.36 (0.45, 11.11)
1.35 (0.0, 8.34)
1.12 (0.33,3.09)
0.21 (0, 2.62)

Table 2. Clinical symptoms and different cow’s milk proteins in patients

Proteins n (%), p-value

Symptoms 3 ; - ) B -
Whole cow's milk  e-lactalbumin B-lactoglobulin Casein Bovine serum albumin

Respiratory 43(91.5), 0.2 37(78.7), 0.6 27(58.7), 0.3 40(83.3), 0.01* 19(42.2), 0.5

Skin 36(83.7), 0.1 35(79.5), 0.8 31(72.1),0.05 27(61.4), 0.003* 19(48.7), 0.4

Gastrointestinal 15(100), 0.1 11(68.8), 0.1 10(66.7), 0.7 13(81.2),0.4 7(53.8),0.4

Anaphylaxis 9(90), 0.8 9(81.8), 0.7 9(90), 0.04* 8(72.7),0.9 6(60), 0.2

* Statistically significant
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According to our knowledge, till now, there is no
report about the relationship between specific IgE to
cow’s milk proteins and different symptoms in Iran. In
a study by Shek® caseins were either the most
allergenic IgE-binding or antigenic IgA, 1gG —binding
protein in patients with CMA. In contrast to the study
by Shek, o—lactalbumin was the most allergenic protein
in our study; however, we found no significant
relationship between a-lactaloumin and different
allergic symptoms. In a study by Natale, et al. the
prevalence of patients sensitive to B lactoglobulin and
BSA was 45% without any response to a-lactalbumin’
while in our study, 77.4% of the subjects had positive
specific IgE to a-lactalbumin. Similar to the present
study, Fu-Mei Chen reported a-lactalbumin as the most
common allergenic protein of cow's milk in children in
Taiwan.? The role of a-lactalbumin in CMA is unclear
and review of the literature shows a prevalence of 0 to
80% for patients with CMA sensitized with this
protein. These contradictory findings could be because
of using different methods for detection of the
sensitization.'® It seems that the percentage of
sensitivity to P-lactoglobulin, a-lactaloumin and total
casein reported by Restani et al are consistent with our
findings.™

Four type of caseins including o, B, y and «
constitute 80% of cow's milk proteins.’ Different
studies showed casein as the most common allergenic
protein in Cow's milk.**#" In our study, casein was the
second common allergen in cow's milk and there was a
significant relationship between specific IgE to casein
with respiratory and skin symptoms.

The lack of B-lactoglobulin in human milk and its
high stability makes it as the major whey allergen in
cow’s milk.”? In previous studies, the prevalence of
patients sensitive to this protein was 13 to 76%™° which
is consistent with our findings (63.2%).

Although caseins and f-lactoglobulin are the main
cow’s milk allergens, other minor proteins such as
immunoglobulins and BSA can develop allergic
reactions, t00.'® Since there are major allergens in milk,
and the presence of serum albumin in all mammals, the
evaluation of clinical relationship to the minor allergen
such as BSA is difficult in patients with CMA.?
Moreover, asthma and rhinoconjunctivitis are detected
in persistent sensitized patients to BSA.?* In our study,
we found no significant relationship between specific
IgE to BSA and different symptoms.
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The limitation of our study is that the RIDA Allergy
Screen test is a semi-quantitative test, although this test
has good sensitivity and specificity values. On the other
hand, our cases were the patients who referred to
IAARI and they were not selected from the CMA
patients in Iran.

Since the sensitization to p-lactoglobulin has

significant relationship to anaphylaxis, using formula
free of B-lactoglobulin is suggested for children with
CMA.
According to our findings, although a-lactalbumin and
casein are the most common allergenic proteins of
cow's milk, more anaphylactic reactions are observed in
patients with a positive test for specific IgE to B-
lactoglobulin. Therefore more precautions should be
considered about the anaphylactic reactions in patients
with positive B-lactoglobulin specific IgE test.
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