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Abstract: 

This study presents an anamnesis-based questionnaire as a diagnostic tool for cow’s milk 

protein allergy (CMPA) in children. We applied 24 dichotomous yes/no questions to 51 cases 

diagnosed by oral challenge and 31 controls. All patients were recruited at the pediatric 

gastroenterologist outpatient practice. CMPA patients presented with a family history of 

atopy/autoimmunity, Caesarean delivery, use and/or change of formulas, use of 

antacids/antibiotics in the first 6 months of life, an overly clean caregiver, multisystem 

clinical presentation, and the absence of seasonal symptoms. The CMPA group had an 

average score of 10.4 versus 3.2 for the control group. We identified a cut-off score of 7, 

which had 94.4% sensitivity and 96.9% specificity to distinguish CMPA from the control 

population. Cases were younger and showed different symptoms than controls. This study 

shows the usefulness of an anamnesis-based clinical score to guide the diagnosis of CMPA in 

children.  

Keywords: food allergy, diagnostic score, CMPA in children 

 

What is known: 

 The double-blind, placebo-controlled oral challenge is the current gold standard for 

diagnosing cow’s milk protein allergy (CMPA), but it is difficult to implement and 

potentially life-threatening if an emergency department access is unavailable. 

 Diagnosis is fragmented into subspecialties, which can hinder a consensus. 

What is new: 

 An anamnesis-based questionnaire in children with gastrointestinal symptoms is a useful tool 

for the diagnosis of CMPA.  

 Prospective validation, with stratification by age, is needed to establish the optimal cut-off 

level in the presumptive diagnosis. 
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Introduction 

Cow's milk protein allergy (CMPA) is increasing in prevalence worldwide, but its diagnosis 

remains difficult and requires clinical acumen and experience (1,2). Currently, the double-

blind oral challenge is the gold standard diagnostic test for CMPA (3). 

CMPA mainly affects children and has systemic and pleomorphic manifestations that can 

lead to an incorrect diagnosis. Thus, it is important to develop a more practical clinical 

diagnostic tests like those that have been developed for other pleomorphic conditions, such as 

systemic lupus erythematosus. We investigated application of a questionnaire based on a 

comprehensive anamnesis comprising genetic-environmental risk factors and clinical 

presentation typical of CMPA. Our diagnostic instrument is an improvement over previous 

questionnaires because it integrates risk factors and clinical clues and could be used across 

the pediatric age range (4, 5). 

Methods 

This is an observational, cross-sectional study of children aged 0 to 14 years who came to our 

pediatric gastroenterology outpatient department between 2014 and 2015 at the Golf Clinic, 

Lima-Perú. We offered the study to all eligible children in that period, and 82 children with 

digestive symptoms were enrolled. 

Fifty one subjects were diagnosed with CMPA based on clinical suspicion and confirmatory 

open oral challenge (CMPA+), and 31 did not have CMPA (no history of symptoms upon 

ingestion of milk protein or negative open oral challenge (CMPA-). The sampling was non-

probabilistic. All cases and controls that unequivocally met the definition of CMPA+ and 

CMPA+ were included. Exclusion criteria were known digestive malformations and 

neurodegenerative disorders. 

The protocol was conducted in accordance with the Declaration of Helsinki and was 

approved by the Universidad Nacional Mayor de San Marcos´s Ethics Committee. A letter 

explaining the rationale of the present study was provided to all enrolled children´s parents, 

and written informed consent was obtained in all cases. All patient-identifiable data were 

deleted or modified prior to analysis. No additional procedures for the study were performed 

on the patients. 

The symptom-based questionnaire applied in this study was an adaptation of the CMPA score 

previously developed by one of the authors (Aderbal Sabrá, 2012) and has 26 questions. 

Three experts validated the relevance, suitability, and clarity of the questionnaire; 24 out of 

26 questions were kept and applied to both the 51 CMPA+ and 31 CMPA- patients. All 26 

questions were dichotomous (Yes/No). IBM SPSS ™ software was used for statistical 

analysis; p<0.05 was considered to show statistical significance. A Fischer’s test was used to 

study categorical variables, and Anova or Mann-Whitney U test was applied for continuous 

variables. Results are expressed as mean or median ± SD. Analysis of receiver operating 

characteristic (ROC) curves was performed to identify the best cut-off point to distinguish 

CMPA + from CMPA- cases. 

Results 

CMPA+ subjects were on average 21.9 ± 30.9 months old. CMPA- cases were significantly 

older, 96.4 ± 47.1 months of age (p<0.05). No gender difference between CMPA+ and 

CMPA- cases was found. We grouped subjects into two subgroups: those under 5 years of 

age (46 CMPA+ cases) and those over 5 years of age (5 CMPA+ cases). Almost all CMPA- 

cases were in the over-5 group (Table 1, http://links.lww.com/MPG/C146). 

Responses to 16 of 24 questions differed significantly between CMPA+ and CMPA- subjects. 

The group with CMPA+ had an average total score of 10.4 ± 2.4 versus 3.2 ± 1.5 for CMPA-, 

http://links.lww.com/MPG/C146
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of a total of 24 possible points (p<0.05). These differences were not consistently maintained 

when analyzed by subgroups (Table 1, http://links.lww.com/MPG/C146). 

The ROC curve showed an area under the curve of 0.997 (Figure 1). The cut-off score to 

distinguish between CMPA+ and CMPA- cases was 7.0 (94.4% sensitivity and 96.9% 

specificity). The cut-off score to distinguish between CMPA+ and CMPA- was 7.0 in the 

under-5 group and 6.0 in the over-5 group. Comparing our survey with the gold standard, the 

under-5 group showed a similar result, with a sensitivity of 93.5 (CI 0.86 -1.01) and a 

specificity of the 83.3% (CI 0.54-1.13) (positive predictive value 0.98 [CI 0.93-1.02] and 

negative predictive value 0.83 [CI 0.29-0.96]) 

The chief complaint differed significantly between CMPA+ and CMPA- subjects. Fifteen of 

31 (48.4%) CMPA- patients had functional constipation, based on Rome IV criteria (6). 

Others presented with vomiting or abdominal pain secondary to acute viral hepatitis (6 

patients, 19.3%), non-alcoholic fatty liver disease (4 overweight patients, 12.9%), or rectal 

bleeding secondary to polyps (6 patients, 19.4%). One-third of CMPA+ patients presented to 

the pediatric gastroenterologist because of vomiting and/or colic and had been diagnosed with 

gastroesophageal reflux disease (20 patients, 39.2%). Another third had feces with mucus 

and/or blood secondary to allergic proctocolitis (16 patients, 31.4%), and a smaller number 

had poor weight gain due to small bowel enteropathy (9 patients, 17.6%) or Rome IV criteria 

for functional constipation (6 patients, 11.8%). 

Analysis by age subgroups showed even more noticeable differences, specifically between 

cases and controls under the age of 5. All CMPA+ cases with gastroesophageal reflux 

disease; enteropathy or allergic proctocolitis were diagnosed in this age group, and only a few 

cases had constipation. We only had 6 patients in the control group, and their main 

complaints were constipation and gastroesophageal reflux (p=0.03) (Table 1, 

http://links.lww.com/MPG/C146). 

Specific immunoglobulin E for cow's milk protein was found in 7.8% of CMPA+ cases. The 

diagnosis of CMPA was delayed by 15 ± 27.4 months; in 50% of cases, the diagnosis of 

CMPA was delayed by ≥ 4 months. One third of the CMPA+ cases had other food allergies, 

detected by food challenge, to soybean, beans, egg, or vegetables. None of the controls had 

diagnosed food allergies. 

Discussion 

These results demonstrate that our anamnesis-based questionnaire is both sensitive and 

specific to diagnose CMPA in children with gastrointestinal symptoms compared with the 

gold standard (4,5).  Our questionnaire was designed based on extensive personal experience 

and the scientific literature (7,8,9). Variation in the responses to individual questions of 

CMPA subjects was found; each child had a unique fingerprint of genetic/environmental 

backgrounds and clinical clues. Using the aggregate score, we could accurately distinguished 

CMPA+ from CMPA- subjects accurately, especially in the under-5 age group. 

Another advantage is that although the questionnaire was administered by clinicians who 

have experience diagnosing CMPA, the performance of the instrument is independent of 

clinical expertise. This is because the questionnaire focuses on the search for historical 

variables relevant to the development of CMPA and not on symptoms, like current symptom-

based questionnaires (10). The symptom-based questionnaires are not sensitive enough as 

CMPA is pleomorphic, and given the absence of pathognomonic symptoms, they are also not 

specific enough. Therefore, an empiric trial with an elemental formula is sometimes 

necessary to diagnose CMPA+ cases. 

The questions included in the questionnaire can be used to search for food allergies in general 

http://links.lww.com/MPG/C146
http://links.lww.com/MPG/C146
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and not just CMPA. However, several reasons exist to focus on CMPA mainly in children 

under 5 years of age: 1) CMPA is the most common food allergy in children around the 

world, 2) insufficient identification of allergen profiles in most countries (11); 3) the 

possibility of greater nutritional deterioration if approached as food allergy at the outset (12); 

4) it is a cost-effective strategy that is useful even in settings that have sufficient resources to 

do an extensive first approach (13). 

Considering CMPA in the initial assessment of a child with gastrointestinal symptoms, with 

an objective criterion based on a validated clinical score, would bring the enormous benefit of 

allowing proper and early management of the condition. Application of this tool may reduce 

the duration of CMPA, the development of concomitant food allergies (if CMPA is treated in 

a timely fashion), the risk of anaphylaxis to milk protein, and prevent progression of the 

“atopic march” as prospective cohorts have shown (14). It is also possible that appropriate 

treatment of CMPA may prevent the future development of inflammatory bowel disease (15) 

and irritable bowel syndrome (16). 

We believe that the most important differential for gastrointestinal symptoms is CMPA 

versus functional causes, especially in younger children (4,9,17), since the latter do not 

require intervention but rather plenty of empathy and excellent communication with parents. 

This is because parents can unfortunately become dissatisfied and make poor decisions for 

their babies (8), such as stopping breastfeeding or trying many types of formulas or 

prescriptions including antibiotics for allergic colitis or antacids for physiologic 

gastroesophageal reflux. CMPA does require intervention, but only the removal of CMP; the 

earlier it is achieved, the more effective it is (18,19). 

We collected a few cases over 5 years of age to test the usefulness of the instrument in this 

population. Considerations such as cost-effectiveness 

(13) and avoiding invasive studies should be considered in deciding 

whether it is appropriate to include this age group in subsequent validations of the 

questionnaire. 

We recognize that our study does have some design limitations. Not stratifying by age and 

including patients from a pediatric gastroenterology outpatient practice meant that CMPA+ 

cases were significantly younger than their CMPA- controls. As a result, the under-5 age 

group did not have enough CMPA controls with physiological gastroesophageal reflux or 

functional constipation for example. This resulted in unequal distribution of patients by age 

subgroups.  The sample in our study was not randomized, and all the patients were evaluated 

by a single researcher. This means that there could have been selection bias, but the 

researcher followed her regular protocol of clinical suspicion followed by oral challenge to 

make the diagnosis of CMPA. The oral challenge was not double-blinded. However, 

digestive symptoms resolved with the elimination of CMP in the diet, and reoccurrence after 

the reintroduction of CMP confirmed the diagnosis. 

While the questionnaire performed very well, it is possible that with additional data and 

further validation in patients with gastrointestinal symptoms and stratifying by age, we will 

be able to increase its precision and accuracy. 

In conclusion, our anamnesis-based questionnaire accurately identified gastrointestinal 

CMPA in children. We propose that if gastrointestinal discomfort is a perfect model of what 

is known in science as the "black box" and symptoms cannot guide us properly, a radical 

global change of perspective is therefore required: if the child has family and/or personal 

conditions and/or clinical clues for CMPA, CMPA must be considered as a possible cause 

(20). 
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Figure 

Figure 1. Sensitivity and specificity of observed total scores according to gold standard 

 
 

Table 

Table 1. Main Symptom Frequency and Results of Questionnaire in 51 CMPA(+) 

children compared with 31 CMPA(-) controls 

 
Scores reported are n or n(%), otherwise mean or median (standard deviation)
 *Se=Sensitivi
ty; Sp = Specificity ** Fischer’s 
exact test used, otherwise Anova/U-Mann Whitney 


