
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cow milk protein allergy: clinical phenotype and risk factors 
 

ABSTRACT 
Our study aimed to analyze the clinical data of a 
cohort of Egyptian children with cow’s milk protein 
allergy (CMPA) to explore the epidemiological, 
clinical characteristics, and risk factors of CMPA. 
A prospective, multi-center observational cross-
sectional study was conducted by assessing the 
clinical data of infants with CMPA. A total of 317 
infants met inclusion criteria, including 175 males 
(55.2%); the mean age at presentation was 4.2 ± 3.2 
months. In our series, artificial feeding was found 
in 48% of patients, breastfeeding in 22.7%, and 
29.3% of infants were mixed fed. 83.6% of 
patients with CMPA have mild to moderate disease, 
and 16.4% have severe disease. The most prevalent 
symptoms were mainly of gastrointestinal tract (GIT) 
origin, which include diarrhea (57.7%), hematochezia 
(39.7%), vomiting (30%), and constipation (5%). 
Skin manifestations included eczema (25.8%) and 
urticarial (8.2%). Chest wheezes and oral allergy 
syndrome were found in 7.9% and 4.4%, respectively. 
Family history of atopy and parent’s and/or sibling’s 
allergy were found in 60.5% and 27.7%, respectively. 
Finally, failure to thrive was found in 22.4% of 
our patients. The multivariate logistic regression 
analysis of risk factors for CMPA showed that 
parent’s food allergy (p < 0.001), cesarean section 
 

(p < 0.01), and the use of weaning food before 
four months of age (p = 0.02) were independent 
risk factors for CMPA. On the other hand, 
exclusive breastfeeding (p = 0.001) and weaning 
food after six months (p = 0.03) were protective 
factors for CMPA. Gastrointestinal symptoms were 
the main manifestations of CMPA. The incidence 
of malnutrition, anemia, low total protein, and 
hypoalbuminemia was significantly higher in 
children with severe CMPA. In our locality, the 
history of parent’s food allergy, cesarean section, 
and the use of weaning food before four months 
of age were independent risk factors for CMPA. 
On the other hand, exclusive breastfeeding and 
weaning food after six months were protective 
factors for CMPA. 
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INTRODUCTION 
Cow’s milk protein allergy (CMPA) is the most 
common food allergy of children, affecting 2-6% 
of infants [1]. It results from an immunological 
reaction to one or more milk proteins. It can be 
divided into three types: immunoglobulin E (IgE)-
mediated, non-IgE-mediated, and mixed-mediated 
with the involvement of two systems [2, 3]. CMPA 
reactions have a rapid onset in IgE-mediated, where 
manifestations may occur within hours, and slow 
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onset in non-IgE mediated, where symptoms take 
days to present [4]. It is well established that a 
food allergy is a global health problem that 
significantly reduces the quality of life, not just 
for children but for the entire family. Everything 
becomes more difficult with a food allergy. There 
are also significant costs related to food allergy 
management [3]. Also, there are multiple concerns 
regarding dietary sufficiency, the increased 
prevalence in difficult feeding behaviors, and, for 
IgE-mediated allergy, the constant fear of 
anaphylaxis, which can be fatal [4]. Typically, 
CMPA starts within the first three months of life 
and usually before six months. The manifestations 
appear a few days or weeks after cow’s milk 
ingestion. The symptoms can vary from mild GIT 
problems to life-threatening anaphylaxis [5]. 
CMPA clinical manifestations are complex and 
diverse, mainly involving the GIT, cardiovascular 
and respiratory tracts, and skin. The clinical 
manifestations of CMPA with gastrointestinal 
symptoms as the primary manifestation lack 
specificity and are easy to be misdiagnosed and 
mistreated [5-7]. It is difficult to detect the exact 
prevalence of cow’s milk allergy due to a lack of 
precise diagnostic criteria [8]. Our study aimed to 
analyze the clinical data of 307 Egyptian children 
with CMPA to explore the epidemiological and 
clinical characteristics of CMPA and assess the 
risk factors. 
 
PATIENTS AND METHODS 
The Ethical Scientific Committee at Assiut 
University Hospital, Assiut, Egypt approved this 
study. It was conducted following the code of 
Ethics of the Declaration of Helsinki for humans’ 
experiments. Caregivers of all the participants 
gave their informed written consent under Ethical 
Committee guidelines (Assiut University, Egypt). 
The study was conducted in three tertiary 
Hospitals from June 2014 to May 2019. 

Patients 
The prospective, multi-center cross-sectional, 
observational study included all CMPA infants 
attending pediatrics outpatient clinics at three 
tertiary hospitals in Egypt. We excluded any patients 
with one or more of the following diseases: 
immunodeficiency diseases, genetic and metabolic 
diseases, chronic renal, hepatic, and cardiac diseases. 
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Besides, we excluded children with organic and 
chronic GIT diseases such as inflammatory bowel 
disease, gastroesophageal reflux disease, lactose 
intolerance, and obstructive GIT lesions.  
 
Methods 

Clinical assessment 
Detailed medical history and physical examination 
were made for all patients, including the personal 
and family history of allergic diseases and a list of 
any suspected foods. Medical history, including 
demographic, anthropometric data (weight, length, 
and BMI), details of feeding history, and 
pregnancy are reported. 
We registered all manifestations of CMPA, 
including rapid onset manifestation, e.g., flushing, 
hives (urticaria), angioedema, wheezy chest, laryngeal 
edema, itching, cough, dyspnea, and anaphylactic 
reactions. Besides, we reported other systematic 
manifestations, including abdominal pain, vomiting, 
diarrhea, colic, constipation, and hematochezia.  
There is no specific test to detect CMPA. The 
diagnosis is primarily dependent on infants’ 
diagnostic protocol for suspected cow’s milk 
allergy [9-11]. The diagnostic criteria for CMPA 
in our cohort depended on the following:  
1.  Skin prick test: The extract of cow’s milk 

allergen was prepared from lyophilized milk 
plus lyophilized solution containing 50% 
glycerin and 5% NaCl as previously described 
[12-14]. One drop of this extract was applied 
to the infant’s forearm with saline and 
Histamine diphosphate solutions as controls. 
We estimated the diameters of all wheal 
reactions after 15-20 minutes. All skin tests were 
done using a single-blind method. We used a 
wheal diameter of <3 mm for negative cases and 
≥ 8mm for confirming the diagnosis [12-14]. 

2.  Serum-specific IgE to CMPA: Specific IgE 
antibody titers for cow’s milk were analyzed in 
all patients’ serum samples. We used fluorescence 
enzyme immunoassay (CAP system, Uppsala, 
Sweden). Infants with specific IgE levels of more 
than 0.35 kU/L were considered positively 
sensitized [14]. 

3. Diet elimination: If CMPA was suspected, the 
infant received a cow’s milk-free diet for one 
month. If symptoms are resolved, an oral food 
challenge is used to confirm the diagnosis.  
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of CMPA cases, breastfeeding in 22.7%, and 29.3% 
of patients were mixed fed. 83.6% of patients with 
CMPA have mild to moderate disease, and 16.4% 
have severe disease. Table 1 also shows the mode 
of delivery among all patients. All clinical 
manifestations of CMPA are listed in Table 1. The 
most prevalent symptoms were mainly of GIT origin, 
which includes diarrhea (57.7%), hematochezia 
(39.7%), vomiting (30%), food refusal (21.5%), 
and constipation (5%). Skin manifestations included 
eczema (25.8%) and urticarial (8.2%). Chest 
wheezes and oral allergy syndrome were found in 
7.9% and 4.4%, respectively. Family history of 
atopy and parents and/or sibling’s allergy were 
found in 60.5% and 27.7%, respectively. Finally, 
failure to thrive was found in 22.4% of our 
patients. Table 2 shows a comparison between 
different CMPA classes. The incidence of 
malnutrition, anemia, low total protein, and 
hypoalbuminemia was significantly higher in 
children with severe CMPA. Table 3 shows the 
multivariate logistic regression analysis of risk 
factors for CMPA. Parent’s food allergy (OR = 8.81, 
95% CI:4.48~20.89, p < 0.001), cesarean section 
(OR = 6.36, 95% CI:2.64~14.32, p < 0.01), and the 
use of weaning food before four months of age 
(OR = 1.66, 95% CI:1.49~9.77, p = 0.02) were 
independent risk factors for CMPA. On the other 
hand, exclusive breastfeeding (OR = -2.09, 95% 
CI:0.08~0.58, p = 0.001) and weaning food after 
six months (OR = -0.98, 95% CI:0.07~0.71, p = 0.03) 
were protective factors for CMPA. 
 
DISCUSSION 
Over the past 20 years, the prevalence of food 
allergy has risen substantially to be one of the 
most critical health problems worldwide [16]. 
CMPA is the most common type of food allergy 
in infants and young children. This may be 
attributed to the increased use of infant formulae 
and early weaning food containing dairy products 
during early infancy [16]. Expanding rates of 
cesarean sections may also contribute to the global 
increase in the incidence of CMPA [1, 16]. CMPA 
usually affects multiple systems, with a wide 
range of manifestations. In our study, GIT 
manifestations were the most prevalent in infants 
with CMPA. The frequency of diarrhea was 
57.7%, bloody stool (39.7%), vomiting (30%), 
 

4.  Iron deficiency anemia: Initially evaluated by 
Complete blood count using an automated cell 
counter (automated ABX Pentra XL80 
HORIBA ABX-France). 

5. Biochemical markers: serum iron, total iron-
binding capacity (TIBC), total serum proteins, 
and serum albumin were determined using 
COBAS C 311; serum ferritin was evaluated 
by enzyme-linked immunosorbent assay 
(ELISA) (Bio Check USA). Fecal occult blood 
test was done for all patients. The previous 
investigations were done to evaluate the 
complications of CMPA. 

According to [15], patients with CMPA are 
categorized into two classes: severe CMPA and 
mild-moderate CMPA. Severe CMPA included 
patients presenting with one or more of the following: 
i) GIT manifestations: failure to thrive due to 

chronic diarrhea and/or regurgitation, vomiting 
and/or food refusal. 

ii) Iron deficiency anemia/pallor due to occult or 
macroscopic blood loss “blood-streaked stool”. 

iii) Protein-losing enteropathy and hypoalbuminemia. 
iv) Dermatological manifestations: severe or 

exudative atopic dermatitis associated with 
hypoalbuminemia-anemia or iron deficiency 
anemia and failure to thrive,  

v) Respiratory manifestations: laryngoedema or 
bronchospasm with dyspnea 

vi) Systemic manifestations with anaphylactic shock.  
Children who do not meet the above conditions 
were classified as mild to moderate CMPA [15]. 

Statistical analysis  
Data analysis was done by SPSS version 22. We 
used independent sample T-test and Chi-square 
test for evaluation of statistical difference between 
groups. Finally, a multi-factor logistic regression 
analysis was done to recognize the statistically 
significant risk factors associated with CMPA. A 
p-value of ≤ 0.05 was considered significant. 
 
RESULTS 
Table 1 shows all demographic data of CMPA 
patients in our study. A total of 317 infants met the 
inclusion criteria, including 175 males (55.2%); 
the mean age at presentation was 4.2 ± 3.2 months. 
In our series, artificial feeding was found in 48% 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
and hypoalbuminemia were significantly higher in 
the severely allergic group. Other studies showed 
severe CMPA in 7.9% [18] and 11.4% [19] of 
their cohorts. This may be due to the difference 
between our patients’ age groups and different 
ethnicity. Previous studies have pointed out that 
the probability of severe food allergies may 
increase gradually with age [19, 20]; however, we 
couldn’t prove that in our study. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
and constipation (5%). A previous large study [17] 
reported skin reactions in 94% of infants with CMPA, 
followed by GIT symptoms in 33% and respiratory 
manifestation in 8%. Severe manifestations affected 
32% of cases [17]. Furthermore, our results and a 
recent study [18] have comparable results. In our 
study, severe CMPA was found in 52 patients 
(16.4%). Failure to thrive, anemia, hypoproteinemia, 
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Table 1. Demographic data of all CMPA patients. 

 Parameter (N = 317) 
• Sex: Male (N, %)  175/55.2 
• Weight (mean ± SD, kg) 6.1 ± 2.3 
• Age at presentation 

Range, month 1-11 
Mean ± SD, month 4.2 ± 1.7  

• Type of feeding 
Formula feeding (N, %) 152 (48) 
Mixed feeding (N, %)  93 (29.3) 
Breastfeeding (N, %)  72 (22.7) 

• Mode of delivery 
Vaginal delivery (N, %) 174 (54.9) 
Cesarean section (N, %) 143 (45.1) 

• Age of weaning foods 
Range, month 3-10 
Mean ± SD, month 5.7 ± 1.33 

• Clinical characteristics (N, %)  
Eczema 82 (25.8) 
Urticaria 26 (8.2) 
Oral allergy syndrome 14 (4.4) 
Wheezy chest  25 (7.9) 
Hematochezia 126 (39.7) 
Diarrhea 183 (57.7) 
Vomiting/ excessive reguirge 95 (30) 
Constipation 16 (5) 
Food refusal  68 (21.5) 
Failure to thrive 71 (22.4) 

• Classification (N, %)  
 Mild/ moderate 265 (83.6) 
 Severe 52 (16.4) 

• Family history of atopy (N, %) 192 (60.5) 
• Allergic disease in parents and or siblings (N, %) 88 (27.7) 
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food allergies and baby food allergies is more 
robust [21-24]. Therefore, parent’s history of food 
allergy is one of the most critical risk factors for 
CMPA [25]. 
The multivariate logistic regression analysis of 
this study found that exclusive breastfeeding can 
reduce the risk of CMPA. Our findings agreed 
with previous research [26], which reported that 
the risk of CMPA in cow milk formula-fed infants 
is four times higher than exclusive breastfeeding. 
Breastfeeding reduces CMPA by promoting the 
infant’s GIT mucosal maturation, healthy development 
of the intestinal flora, immune regulation, and 
anti-inflammatory effects. Besides, Secretory 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

At present, the risk factors of CMPA are not fully 
understood. With the continuous in-depth studying 
of CMPA risk factors and epidemiological 
investigation, it has been found that a single factor 
cannot explain the exact cause of CMPA. 
However, it may be the result of a combination of 
multiple factors [21]. Our study used a multivariate 
logistic regression analysis to assess the possible 
risk factors for CMPA. We found that parent’s 
food allergy is a risk factor for infants to develop 
CMPA. Studies have shown that family history, 
especially first-degree relatives of children with 
food allergies, is a risk for CMPA in more than 
80% of cases. The correlation between mother’s 
 

Table 2. Comparison between different CMPA classes. 

Parameter Severe  
(n = 52) 

Mild/ moderate  
(n =265) p-value 

• Sex: Male (N, %)  28 (53.8)  147 (55.5) NS  
• Preterm (N, %) 8 (15.4)  12 (4.5)  <0.05  
• Full-term (N, %) 44 (84.6) 253 (95.5) <0.05 
• Mechanism of CMPA (N, %)       

IgE-mediated 41(78.8) 110 (41.5) 0.02 
Non IgE-Mediated 4 (7.7) 126(47.5) 0.01 
Mixed 7 (13.5)  29 (11) NS 

• Anemia (N, %) 37 (71.1) 18 (6.8) <0.001 
• Failure to thrive (N, %) 23 (44.2) 33 (12.5)   <0.001 
• Low total protein (N, %) 12 (23) 6 (2.2) <0.0001 
• Low albumin (N, %) 22 (42.3) 31 (11.7) <0.001 
• Family history of atopy (N, %) 33 (63.4) 159 (60) NS 
• Allergic disease in parents and or siblings (N, %) 15 (28.8) 73 (27.5) NS 

Table 3. Multivariate logistic regression analysis of the associated risk factors for CMPA. 

Risk factor ß OR 95%CI p-value 
• Parent’s food allergy 0.78 8.81 4.48~20.89 <0.001* 
• Cesarean section 2.30 6.36 2.64~14.32 0.01* 
• Exclusive breastfeeding** -2.09 0.32 0.08~0.58 0.001* 
• Mixed feeding**  -0.55 0.69 0.26~1.48 0.32 
• Weaning food > 6 months*** -0.98 0.30 0.07~0.71 0.03* 
• Weaning food < 4 months*** 1.66 5.31 1.49~9.77 0.02* 
• Constant -1.002 0.35 -- 0.09 

*Significant, **Artificial feeding as a reference, ***4-6 months of age as a reference. 
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incidence of malnutrition, anemia, low total protein, 
and hypoalbuminemia was significantly higher in 
children with severe CMPA. In our locality, the 
history of parent’s food allergy, cesarean section, 
and the use of weaning food before four months 
of age were independent risk factors for CMPA. 
On the other hand, exclusive breastfeeding and 
weaning food after six months were protective 
factors for CMPA.  
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