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Original Article

Introduction

Food allergy is an increasing problem in the United 
States and other Western countries.1 The overall eco-
nomic cost of childhood food allergy in the United 
States has been estimated at approximately $24.8 billion 
annually ($4184 per year per child).2 It has been esti-
mated that in the United States, food allergy prevalence 
is 8%, with 30% of those being multiple food allergies.3 
Cow’s milk allergy (CMA) is one of the major food 
allergies that can present during infancy and child-
hood.4,5 CMA affects 2% to 3% of infants and children 
in Western industrialized countries.6-8 The allergic reac-
tions that can occur following intact cow’s milk inges-
tion vary from cutaneous symptoms to vomiting, 
wheezing, and severe anaphylaxis.1,5

While breast milk is the ideal source of nutrition, 
infants with CMA who consume infant formula as sole 
source of nutrition or as a supplement to breast milk, 
may require infant formulas whose protein base does not 
include intact cow’s milk protein. A recent physician 
survey showed that soy-based formulas are frequently 
suggested by physicians to be used for their patients 
with CMA.9 However, because of high frequency of 
infant sensitivity to both cow’s milk and soy proteins, 
soy-based formulas are not recommended for use by the 

American Academy of Pediatrics (AAP) in infants with 
CMA.10 In addition to infants, older children with CMA 
also commonly use hypoallergenic formulations that 
have been designed to provide nutrients in a cow’s milk–
protein-free diet that is safe for them.

Currently, extensively hydrolyzed formulas are an 
option for infants and children with CMA because 
although they are cow’s milk–based, the proteins have 
been extensively broken down to substantially reduce 
their allergenicity. Some commercially available exten-
sively hydrolyzed formulations in the United States 
have been deemed “hypoallergenic.” The AAP11 defines 
a formula as “hypoallergenic” on the basis of therapeu-
tic use, not in preventive potential benefit. By AAP’s 
criteria, a formula can be considered “hypoallergenic” 
only after being tested in subjects with hypersensitivity 
to cow’s milk or cow’s milk–based formula via properly 
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The American Academy of Pediatrics (AAP) defined a formula as hypoallergenic if it ensures with 95% confidence that 
90% of infants with confirmed cow’s milk allergy (CMA) will not react with defined symptoms under double-blind, 
placebo-controlled conditions. This study’s objective was to determine whether a new amino acid–based formula 
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placebo-controlled food challenges (DBPCFC) with a new AAF and a commercial AAF in crossover fashion followed 
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Thirty-three subjects completed DBPCFCs with both formulas without acute allergic reactions. The lower bound 
95% confidence interval for hypoallergenicity was 91.3%. No unusual stool patterns, allergic symptoms, or signs of 
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conducted elimination-challenge tests.11 These tests 
should ensure with 95% confidence that 90% of subjects 
with CMA will not react to formula under a double-
blind placebo-controlled food challenge (DBPCFC).12 
After a successful DBPCFC, testing should include an 
open challenge using an objective scoring system to 
document allergic symptoms during a period of 7 days.12

Infants and children with the most severe CMA may 
still react to the extensively hydrolyzed formulas.13,14 
Such children require the use of amino acid–based for-
mulas, whose protein source is synthetic amino acids, 
and therefore completely devoid of cow’s milk protein.

A new amino acid–based nutritionally complete for-
mula designed for the management of severe CMA and 
intolerance has been developed. This amino acid–based 
formula contains medium-chain triglycerides and struc-
tured lipids. The medium chain triglycerides are rapidly 
metabolized to provide a more readily available energy 
source, especially during times of gastrointestinal com-
promise. The structured lipids provide palmitic acid in 
the sn-2 position of the glycerol backbone, in keeping 
with its position in human breast milk.15 The carbohy-
drate source is a blend of maltodextrin and potato starch 
to yield energy in easy-to-digest forms that does not con-
tribute significantly to formula osmolality. Furthermore, 
the protein content is higher than it is in standard infant 
formulas in order to meet the nutritional needs of infants 
with compromised gastrointestinal function who may be 
experiencing malabsorption and severe diarrhea.

The present study was designed to evaluate whether 
or not a new amino acid–based formula provokes aller-
gic reactions in infants and children between 2 months 
and 12 years of age with documented CMA who are oth-
erwise healthy. The primary outcome was the occur-
rence of allergic reactions to a DBPCFC with the test 
product. Standardized approaches to CMA diagnosis 
and assessment of DBPCFCs were created and used for 
this study as a single set of diagnostic criteria for CMA 
are not widely accepted; nor are there standardized tools 
and criteria for DBPCFC currently used in clinical prac-
tice and studies.

Materials and Methods

Infants and children of any ethnicity between 2 months 
and 12 years of age with documented CMA who were 
otherwise healthy were recruited from 6 sites around the 
United States from August to September 2012. For the 
purposes of this study, based on clinical practice at Mt 
Sinai in New York, CMA had to be documented within 6 
months prior to enrollment by (a) reported convincing 
allergic symptoms following an exposure to milk or a 
milk-containing food product and detectable serum 

milk–specific IgE (>0.7 kIU/L) or positive skin prick 
test (wheal greater than or equal to 5 mm); (b) physician-
supervised oral food challenge that elicited immediate 
allergic symptoms; (c) serum milk IgE ≥15 kIU/L or ≥5 
kIU/L, if younger than 1 year; or (d) skin prick tests 
characterized by a wheal ≥10 mm.16-18 These criteria are 
accepted as diagnostic of CMA without the requirement 
for performing a confirmatory oral food challenge. All 
subjects were observing strict milk elimination diet 
before and during the study. Potential subjects were 
excluded from study inclusion if they were consuming 
mother’s milk at the time of study enrollment; had any 
chronic medical diseases, chromosomal or major con-
genital anomalies, or major gastrointestinal disease/
abnormalities (other the CMPA); had immunodefi-
ciency; antihistamine [excluding eye drops] use in 7 
days prior to a food challenge or oral steroid use within 
14 days prior to enrollment; unstable asthma; severe 
uncontrolled eczema; or severe anaphylactic reaction 
[requiring ≥2 doses of epinephrine] to milk or breast 
milk within the past 2 years; and/or current participation 
in another clinical study.

Subjects were asked to complete DBPCFCs of both a 
test (Nestlé Nutrition) and a control (Neocate, Nutricia) 
amino acid–based formula in a randomized, blinded, 
crossover fashion.19 The macronutrient and micronutri-
ent profiles of both formulas were similar (Table 1). 
Subjects were asked to eat nothing for 1 hour with allow-
ance for light meals 2 hours prior to each session of the 
DBPCFC. For subjects ≤1 year of age, the initial dose 
was a lip smear with the assigned formula, followed by 5, 
10, 20, 30, 30, 35, and 50 mL at 10- to 15-minute inter-
vals. For subjects >1 year of age, the initial dose was a lip 
smear with the assigned formula, followed by 5, 10, 25, 
45, 45, 45, and 65 mL at 10- to 15-minute intervals. The 
total volume ingested was 180 mL for subjects ≤1 year 
and 240 mL for subjects >1 year. A minimum postobser-
vation period of 1 hour was required. Each site followed 
its own clinical and safety monitoring standards of pro-
cedure throughout the DBPCFCs. All sites documented 
any allergic signs or symptoms (skin, gastrointestinal, 
respiratory, cardiovascular) attributable to test or control 
formulas on a standardized DBPCFC data collection 
form (Figure 1) and adhered to a common definition of 
the criteria for the pass/fail for each symptom during 
the DBPCFC (Figure 2), as per recommendations of the 
Adverse Reactions to Food Committee of the American 
Academy of Allergy, Asthma, & Immunology.19 The 2 
DBPCFCs occurred 2 to 7 days apart. Subjects were 
instructed to follow a cow’s milk–free diet for the entire 
study period and provided with emergency treatment 
plan and prescriptions for emergency medications, as 
appropriate.
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If a subject passed (had no allergic reaction) both 
DBPCFCs, the subject was given the test formula and 
instructed to drink a minimum of 8 ounces daily for a 
period of 1 week (7-9 days). Subjects were provided 
with an emergency plan for any adverse reactions during 
the open challenge. During the open challenge, daily 
formula intake was recorded as well as daily stool fre-
quency, color, consistency, or odor; frequency of flatu-
lence; frequency of spit-up and/or vomiting; any 
symptoms of potential allergic etiology; and any adverse 
or serious adverse events.

The primary objective of this clinical trial was to 
demonstrate that the test formula ensures with 95% 
confidence that 90% of infants or children with con-
firmed CMA will not react under a double-blind, active 
(commercially available hypoallergenic formula) con-
trolled study. Specifically, if the lower bound of the 
1-sided exact 95% confidence interval for the propor-
tion of infants or children without allergic reactions at 
the end of the study was at least 90%, hypoallergenicity 
of the test formula would be demonstrated. Based on an 
exact method for obtaining confidence intervals for a 
binomial proportion, for 45 infants with no allergic 
reactions, a sample size of 46 infants would support a 
95% one-sided confidence interval for the nonallergic 
reaction rate to be at least 90%. The maximum adjusted 
sample size assuming a linear spending function with 
one interim analysis at information fraction t = 0.6957 
is 51. The Lan and DeMets20 method, assuming a linear 
spending function,α α2

*( )t t= , where α = 0.05 and t is 
the information fraction, was used to adjust the α levels 
to account for the possible interim analysis. An interim 
analysis was allowed for, to be performed if and  
after 32 subjects successfully completed both test  
periods, that is, at information fraction t = 0.6957 
(32/46). Using the linear α spending approach,
α2 0 6957 0 05 0 6957 0 034783*( . ) . * . .= =  would be spent 
at this interim analysis with a corresponding boundary 

of 1.81473. If there were no allergic reactions observed, 
the adjusted 1-sided exact lower bound confidence 
interval would be at least 90.04%, which would meet 
the standard specified by the AAP.11 A subject was 
included in the per protocol population as long as both 
DBPCFCs for that subject were completed. The deter-
mination of AAP criteria was based on the per protocol 
population.

The study protocol was approved by Copernicus 
Institutional Review Board and the Mount Sinai School 
of Medicine Institutional Review Board. The study was 
registered through clinicaltrials.gov (#NCT01569776). 
Informed consent was obtained from the parents of the 
participating children, and child’s assent was docu-
mented as appropriate. Good clinical practice was fol-
lowed by all sites throughout the study.

Results

Thirty-seven subjects were enrolled and randomized to 
formula sequence (Figure 3). Four subjects discontinued 
their first DBPCFC early, with 2 subjects stopping the 
DBPCFC of test formula and 2 subjects stopping the 
DBPCFC of control formula before completion due to the 
dislike of the formula taste. Subjects consumed 1 to 85 mL 
before withdrawing from the DBPCFC. No signs of a pos-
itive allergic reaction were noted in any of these subjects.

The majority of subjects were between the ages of 1 
and 5 years, with the overall average of 4.6 years 
(Table 2). One subject was 13 years old, but deemed to 
still be appropriate for the study and the exception for 
his participation has been granted by the site isntitu-
tional review board and the study sponsor. There were 
similar numbers of male and female subjects, and sub-
jects were predominantly Caucasian. All subjects had 
documented CMA within the 6 months prior to enroll-
ment: 16 subjects had reported convincing allergic 
symptoms following an exposure to milk or a milk- 

Table 1.  Nutrient Comparison of Test and Control Formulas.

Per 100 kcal Control Formula Test Formula

Protein source Amino acids Amino acids
Protein (g/100 kcal, % kcal) 3.1, 12.4% 2.8, 11.2%
Fat source Refined vegetable oil (medium chain 

triglycerides (palm kernel and/or coconut 
oil), high oleic sunflower, soy), ARA, DHA

Medium chain triglycerides, soybean 
oil, high oleic sunflower oil, esterified 
palm oil, ARA, DHA

Fat (g/100 kcal, % kcal) 4.5, 41% 4.9, 45%
MCT, % of fat as 33% 43%
Carbohydrate source Corn syrup solids corn syrup solids, potato starch
Carbohydrate (g/100 kcal, % kcal) 11.7, 47% 11.2, 44%

Abbreviations: ARA, arachidonic acid; DHA, docosahexaenoic acid; MCT, medium-chain triglycerides.
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I. Skin
A.	 Erythematous Rash - % of area involved
B.	 Pruritus
      0=Absent
      1=Mild, occasional scratching
      2=Moderate – scratching continuously for >2 minutes at a time
      3=Severe – hard continuous scratching – excoriation
C.	 Urticaria/Angioedema
      0=Absent
      1=Mild - <3 hives
      2=Moderate - <10 hives but >3
      3=Severe – generalized involvement
D.	 Rash
      0=Absent
      1=Mild – few areas of faint erythema
      2=Moderate – areas of erythema, macular and raised rash
      3=Severe – generalized marked erythema (>50%), extensive raised lesion (>25%), vesiculation and/or piloerection
II. Upper Respiratory
A.	 Sneezing/Itching
      0=Absent
      1=Mild – rare bursts
      2=Moderate – bursts <10, intermittent rubbing of nose, and/or eyes
      3=Severe – continuous rubbing of nose and/or eyes, periocular swelling and/or long bursts of sneezing
B.	 Nasal Congestion
      0=Absent
      1=Mild – some hindrance to breathing
      2=Moderate – nostrils feel blocked/breathes through mouth most of the time
      3=Severe – nostrils occluded
C.	 Rhinorrhea
      0=Absent
      1=Mild – occasional sniffing
      2=Moderate – frequent sniffing, requires tissues
      3=Severe – nose runs freely despite sniffing and tissues
D.	 Laryngeal
      0=Absent
      1=Mild – throat clearing, occasional cough
      2=Moderate – hoarseness, frequent dry cough
      3=Severe – inspiratory stridor
III. Lower Respiratory
A.	 Wheezing
      0=Absent
      1=Mild – expiratory wheezing to auscultation
      2=Moderate – dyspnea, inspiratory and expiratory wheezing
      3=Severe – dyspnea, use of accessory muscles, audible wheezing
IV. Gastrointestinal
A.	 Subjective Complaints
      0=Absent
      1= Mild – complaints of nausea or abdominal pain, no change in activity, itchy mouth
      2=Moderate – frequent c/o nausea or pain, decreased activity
      3= Severe – patient in bed; crying or notably distressed
B.	 Objective Complaints
      0=Absent
      1=Mild – 1 episode of emesis or diarrhea
      2=Moderate – 2-3 episodes of emesis or diarrhea or 1 of each
      3=Severe - >3 episodes of emesis or diarrhea or 2 of each
V. Cardiovascular
      0=Normal heart rate, or BP for age/baseline
      1=Mild – color change, subjective response (weak, dizzy), mental status change, sustained tachycardia
      2=Moderate – drop in blood pressure and/or >20% drop from baseline
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Total Subjects
N=37

Test→Control
N=18

Control→Test
N=19

Test→Control
N=16

Control→Test
N=17

Open Challenge at home for 7 days
N=33

DBPCFC #1
In the office

(Randomized to Sequence)

2-7 days 2-7 days

DBPCFC #2
In the office

Figure 3.  Study schematic. Eligible subjects were 
randomized to sequence of formulas to be used in double-
blind placebo-controlled food challenge (DBPCFC). After 
successful completion of both DBPCFCs, subjects were 
asked to participate in a 1-week open challenge period with 
the test formula.

containing food product and detectable serum milk–spe-
cific IgE (>0.7 kIU/L) and/ or positive skin prick test 
(wheal ≥5 mm); 1 subject had a physician-supervised 
oral food challenge that elicited immediate allergic 
symptoms; 6 subjects had serum milk IgE ≥15 kIU/L or 
≥5 kIU/L if younger than 1 year; and 14 subjects had 
skin prick tests mean wheal ≥10 mm (Table 2). Twelve 
of the 37 subjects reported having multiple food aller-
gies, including peanuts, nuts, eggs, soy, corn, wheat, 
shellfish, rye, apple, beef, oat, pea, lamb, and banana.

Out of 33 DBPCFCs completed with both the test and 
control formulas, no subjects experienced an allergic 
reaction during DBPCFCs of either product. As planned, 
an interim analysis occurred at this point in the study. 
The interim analysis revealed the lower bound of the 
95% confidence interval was 91.3%, above the 90% 
requirement set forth by the AAP.11

Of the 33 subjects participating in the open chal-
lenge, 30 consumed at least 8 oz on at least 5 days dur-
ing the open challenge. No unusual stool patterns or 
characteristics, incidence of flatulence or spit-up were 
reported. Four subjects reported vomiting on at least 1 
occasion during the open challenge; these were attrib-
uted to palatability. Three of the subjects reporting vom-
iting were <1 year old, and the fourth subject was 3 
years old who reported 1 episode of vomiting on the 
fifth day of the open food challenge. During the open 

challenge, 1 subject reported erythema around the 
mouth, 1 subject reported itchy skin on the back for 5 
days, and another subject reported a mild stomachache 
on 4 days of the open challenge. All of these reported 
events were self-resolving, and none of these subjects 
ceased consumption of the test formula throughout the 
open challenge. One subject reported an upper respira-
tory infection not related to study formula that resolved 
after 6 days. There were no serious adverse events 
reported in this study.

Discussion

This new formula with a different carbohydrate and 
lipid profile from existing formulas performed well in 
the study. The AAP hypoallergenicity criteria11 were met 
for the test formula. No allergic reactions were noted to 
either the test formula or the control formula. This study 
documents the hypoallergenicity of another amino acid–
based formula option for infants/children with CMA.

Of the 33 subjects participating in the open challenge 
of test formula, 30 were able to consume a minimum of 
8 oz test formula daily for at least 5 days. While 4 sub-
jects did report episodes of vomiting, itchy back, ery-
thema, or stomachache, all these events were 
self-resolving. None of the events were considered to be 

Table 2.  Summary of Subject Demographic and Baseline 
Characteristics (Intention-to-Treat Population; N = 37).

Gestational age at birth (weeks); 
min-max, mean (SD)

33.0-41.0, 39.1 (1.646)

Current age (years); min-max, 
mean (SD)

0.0-13.0, 4.6 (3.686)

Current age range (years); n (%)  
  <1 5 (13.5)
  1-5 20 (54.1)
  6-12 11 (29.7)
  >12 1 (2.7)
Gender; n (%)  
  Male 18 (48.6)
  Female 19 (51.4)
Race/ethnicity; n (%)  
  Asian 2 (5.4)
  Black 4 (10.8)
  Caucasian 21 (56.8)
  Hispanic 8 (21.6)
  Other 2 (5.4)
History of anaphylactic reaction 

to milk; n (%)
9 (24.3)

Milk wheal size (mm); min-max, 
mean (SD), n

5-32, 11.9 (6.9), 27 
subjects

Milk IgE level (kIU/L); min-max, 
mean (SD), n

3.87-100.0, 34.9 (29.2), 
11 subjects
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allergic reactions by the respective site investigators, 
and none of these subjects stopped consuming the study 
formula. As these events occurred during the open chal-
lenge while subjects were at home in an uncontrolled 
environment, and not relying exclusively on the formula 
for nutrition, other factors could have been related to 
any of these events.

This study involved multiple clinical practice study 
sites from across the United States. The study employed 
strict inclusion criteria that ensured enrolment of chil-
dren with test results that exceeded the diagnostic deci-
sion points of above 95% likelihood of clinical 
IgE-mediated milk allergy. In children meeting these 
inclusion criteria, oral food challenges are considered 
superfluous. The DBPCFC is the gold standard for diag-
nosis of the food allergy. The study utilized the standard-
ized DBPCFC protocol, including an instrument for 
recording the conduct of the DBPCFC, symptoms, and 
treatments to assure that each subject’s challenge was 
conducted, monitored, and interpreted in the uniform 
manner. Tools like those used in this study (Figures 1 
and 2) could be used in future multicenter studies where 
allergic reactions may be an outcome.

The current management of food allergy is limited to 
strict dietary avoidance, nutritional counseling, and 
emergency treatment of adverse reactions.1 Allergen-
specific (oral, sublingual, and epicutaneous immuno-
therapy) and non–allergen-specific (probiotics, toll-like 
receptor agonists) therapies to food allergy treatment are 
currently under investigation.21 Until these therapeutic 
approaches are proven as effective as dietary avoidance 
and become more readily available, hypoallergenic 
nutrition formulas can help in providing adequate nutri-
tion support to children with CMA.

Conclusion

In conclusion, the primary objective of this study was 
met; the test formula meets the AAP criteria for hypoal-
lergenicity of a formula. The new test formula offers 
another option of a free amino acid formula available to 
children with severe milk allergy who may require the 
use of such a formula. The CMA criteria and tools used 
for standardization of assessing DBPCFCs in this clini-
cal study may be useful in future studies and clinical 
applications in allergic infants and children.
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