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Abstract
BACKGROUND
Allergy to cow’s milk is the most frequent allergy occurring in infants and young
children. The dietary management of these patients consists of the elimination of
any cow’s milk proteins from the diet, and for formula-fed infants, the
substitution of the usual infant formula with an adapted formula that is generally
based on extensively hydrolyzed cow’s milk proteins. The American Academy of
Pediatrics has established specific criteria to confirm the hypoallergenicity of a
formula intended for these children.

AIM
To assess the hypoallergenicity of a new thickened extensively hydrolyzed
casein-based formula (TeHCF) in children with cow’s milk allergy (CMA).

METHODS
Children diagnosed with CMA through a double-blind placebo-controlled food
challenge (DBPCFC) were randomly administered increased doses of a placebo
formula or the TeHCF [Allernova, new thickener including fibres (Novalac)]
under double-blind conditions and medical surveillance on two separate days.
Otherwise, both of these formulas and a cow’s milk-based formula were
randomly introduced to children who were highly suspected of having CMA on
three separate days. Immediate and late reactions occurring after the introduction
of any of these formulas were thoroughly recorded by the physician at the
hospital and reported by parents to the physician after hospital discharge,
respectively. If the children tolerated the TeHCF during the DBPCFC, they were
exclusively fed this formula during a 3-mo period where potential allergic
symptoms, anthropometric parameters, as secondary outcomes, and adverse
events were registered. The Cow’s Milk-related Symptoms Score (CoMiSSTM) was
assessed and anthropometric parameters were compared to World Health
Organization (WHO) reference data.
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RESULTS
Of the 30 children included in the study, the CMA diagnosis of 29 (mean age: 8.03
± 7.43 mo) patients was confirmed by a DBPCFC. The children all tolerated the
TeHCF during both the challenge and the subsequent 3-mo feeding period,
which they all completed. During the latter period, the CoMiSSTM remained at a
very low level, never exceeding its baseline value (1.4 ± 2.0), growth parameters
were within WHO reference standards and no adverse event related to the
TeHCF was reported. Over the first week of this period, the proportion of
patients with digestive discomfort significantly decreased from 20.7% (6/29) to
3.4% (1/29), P = 0.025. The proportion of satisfaction with the overall effect of the
formula reported by the parents and investigator was high, as was the formula
acceptability by the child.

CONCLUSION
The new TeHCF meets the hypoallergenicity criteria according to the American
Academy of Pediatrics standards, confirming that the tested TeHCF is adapted to
the dietary management of children with CMA. Moreover, growth was adequate
in the included population.

Key words: Cow's milk allergy; Hypoallergenicity; Tolerance; Thickened extensively
hydrolyzed formula; Digestive comfort; Dietary management
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Core tip: The hypoallergenicity of the new tested formula as the primary criterion was
rigorously confirmed through a properly designed double-blind placebo-controlled food
challenge (DBPCFC) in children with a diagnosis of cow’s milk allergy (CMA) that was
confirmed by a DBPCFC, the gold standard diagnostic procedure for food allergies. The
subsequent 3-mo open exclusive feeding with the tested formula showed that the formula
was still well tolerated by the 29 children with CMA included, their growth was
adequate, and parents and the investigator were very satisfied with the effect of the
formula.

Citation: Rossetti D, Cucchiara S, Morace A, Leter B, Oliva S. Hypoallergenicity of a
thickened hydrolyzed formula in children with cow’s milk allergy. World J Clin Cases 2019;
7(16): 2256-2268
URL: https://www.wjgnet.com/2307-8960/full/v7/i16/2256.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i16.2256

INTRODUCTION
In  the  EuroPrevall  birth  cohort,  the  incidence  of  cow’s  milk  allergy (CMA) was
reported  to  range  from 1% to  less  than  0.3% in  European  children  up  to  age  2,
depending on the country considered[1].  The most rigorous food allergy diagnosis
procedure, the double-blind placebo-controlled food challenge (DBPCFC), was used,
and only allergic reactions occurring within 2 h of the DBPCFC and/or an increase in
eczema within 48 h were considered for the CMA diagnosis, which might explain the
very low incidences reported in some countries. In addition, the screening procedure
might  have  lacked  sensitivity  for  non-immunoglobulin  (Ig)  E-mediated
gastrointestinal (GI) manifestations[2].  The CMA prognosis was quite good, as all
children with non IgE-mediated CMA tolerated cow’s milk as soon as one year after
diagnosis and approximately 60% of children with IgE-mediated CMA displayed
tolerance[1].  According to  paediatric  guidelines,  the  cornerstone of  CMA dietary
management is the implementation of a cow’s milk protein (CMP) elimination diet.
For non-breastfed infants and young children, it  mainly consists of feeding them
special infant formulas whose protein fraction comprises extensively hydrolyzed
CMP (eHF), soy or rice proteins[3,4,5,6,7].  These formulas are well tolerated by most
children with CMA. However, up to 10% of these children may react to eHF. In these
cases,  or when CMA is severe,  the use of  an amino-acid based formula (AAF) is
recommended[6,7].  The  American  Academy  of  Pediatrics  established  criteria  to
determine the hypoallergenicity of any formula intended for children with CMA[8].
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The primary objective of this study was therefore to evaluate the hypoallergenicity of
a new thickened extensively hydrolyzed casein-based formula (TeHCF) in children
with CMA proven by a DBPCFC.

MATERIALS AND METHODS
The primary outcome was the tolerance/hypoallergenicity of the tested formula,
which was defined as the absence of intolerance during the DBPCFC with the TeHCF
in infants with a proven CMA. In addition, CMA symptoms, growth, tolerance of the
study formula and investigator’s and parents’ satisfaction with the study formula
were analysed as secondary outcomes. This clinical trial comprised two phases, the
first consisting of the DBPCFC with the TeHCF, and the second consisting of exclusive
TeHCF feeding for 3 mo (Figure 1) by all patients. Once reconstituted, the tested study
formula [Allernova, new thickener (Novalac, United Pharmaceuticals, Paris, France)]
had an energy density of  67 kcal/100 ml and contained 1.6,  3.5,  6.9  and 0.5  g of
proteins, lipids (including arachidonic acid and docosahexaenoic acid), carbohydrates
and fibre per 100 mL, respectively. The new thickener was a patented mix of fibres,
including pectin and locust bean gum. The formula was lactose free and complied
with the European regulation in force at the start of the study[9].

Infants (1) Aged between 1 and 36 mo old; (2) Who were strongly suspected of
having CMA or  were diagnosed with a  CMA that  was confirmed by a  DBPCFC
performed within the last 2 mo; (3) Successfully fed an elimination diet for at least 2
wk as recommended by guidelines on food challenge procedures[10,11] and (4) Whose
parents signed the informed consent form were included. The main exclusion criteria
were the exclusive or major consumption of mother’s milk at study enrolment, a past
anaphylactic reaction, a history of a lack of improvement of allergic symptoms when
previously fed an eHF since for these children an AAF is recommended[4,6,7,8], or any
situation that, according to the investigator, might interfere with study participation.

If  a  CMA was already proven by a  DBPCFC before  study inclusion,  the child
underwent a 2-d DBPCFC: the placebo formula, namely, an AAF (Neocate, Nutricia),
or  the  TeHCF  were  introduced  in  a  random  order  on  two  different  days  [food
challenge (FC) 1 and FC2] separated by at least 7 d. Otherwise, a “combined food
challenge” was conducted: the placebo formula, the TeHCF and a cow’s milk-based
formula were introduced in a random order on three different days (FC1, FC2 and
FC3), each separated by at least 7 d. This schedule was chosen since participation in
two DBPCFCs, one to assess the hypoallergenicity of the TeHCF and one to prove
CMA, would have been too cumbersome for both parents and the child.

Before each FC day at the hospital, the investigator ensured that the child did not
present  any  clinical  abnormalities  and  had  stopped  all  medications  including
antihistamines that could have interfered with the administration of the challenge.
Increased volumes of TeHCF, placebo or cow’s milk-based formula were fed to the
child in a blinded manner every 20 min under medical supervision. The placebo
formula  and  the  TeHCF  were  reconstituted  according  to  the  manufacturer’s
instructions; for blinding, the latter was mixed with the placebo formula at a 2:1 ratio.
The cow’s milk-based formula was standard infant formula, full fat or semi-skimmed
cow’s milk, that was mixed with or without the placebo formula, according to the
usual practice of the service. The prescribed schedule was 0.5, 1, 3, 10, 30, 50 and 100
mL.  The  administered formulas  were  prepared by a  staff  member  who was  not
involved in the patient’s care. The investigator, the nursing staff, and the family were
therefore not informed of what formula the child was being fed.

All  objective  and  subjective  symptoms  were  registered  using  a  standardized
symptom score[10,11] (Supplementary Table 1). If subjective clinical symptoms occurred,
the last  dose administered was repeated without an increase.  The challenge was
normally pursued in the absence of objective symptoms; otherwise, it was stopped,
and the child was treated as deemed necessary by the investigator. The child was
monitored for  2  h after  the administration of  the last  dose,  or  longer if  required
according to his condition.

Once  at  home and until  the  next  FC day,  the  child  continued his  usual  CMP
elimination diet by being fed the formula that was successfully consumed before
study inclusion; moreover, his parents were instructed not to introduce any new
foods. The child’s parents noted any change in their usual child’s regurgitations,
stools, or mood in a diary to detect any late-occurring reactions on each FC day and
the two subsequent days. The parents also recorded the appearance of any allergic
symptoms within the week after each FC day. At the onset of any delayed reaction,
the parents were advised to immediately contact the investigator to discuss further
actions. At the end of each follow-up period, the child was clinically examined and
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Figure 1

Figure 1  Study design.1FC3 was only performed as a combined challenge for patients with a cow’s milk allergy that was not proven by a double-blind placebo-
controlled food challenge before study inclusion. FC: Food challenge; D: Day; DBPCFC: Double-blind placebo-controlled food challenge; TeHCF: Thickened
extensively hydrolyzed casein-based formula.

the potential symptoms reported by his parents were assessed by the investigator
with regard to allergy.

If the TeHCF was tolerated during the DBPCFC and the CMA was confirmed, the
child continued the study and started the open exclusive formula-feeding with the
TeHCF at  D0 visit  (also  named Baseline  visit,  Figure  1)  that  consisted of  a  total
replacement  of  the  substitution  formula  used  before  D0  visit  by  the  TeHCF.  In
addition, the child continued his usual CMP elimination diet. Then, the child was
monitored at a consultation on days 7, 45 and 90 (D7, D45 and D90 visits). On each of
these visits, the investigator asked parents about the presence of potential allergic
symptoms in their child. Based on this information, the investigator administered the
Cow’s  Milk-related  Symptoms Score  (CoMiSSTM),  a  tool  aiming to  evaluate  and
quantify the evolution of symptoms during therapeutic interventions[12]. CoMiSSTM

consists of 6 sub-scores and ranges from 0 to 33 points (Supplementary Table 2). If
eczema was present,  the  SCORing Atopic  Dermatitis  (SCORAD) index was also
measured[13].  As the SCORAD index has previously been reported during dietary
interventions  in  infants  with  CMA  and  eczema,  it  was  chosen  for  comparison
purposes.  The  frequency  of  vomiting  episodes  and  the  intensity  of  digestive
discomfort were assessed using 4-item scales (Supplementary Table 2). The presence
of angioedema and blood in stools were noted; the mean number of stools passed on
the  last  three  days,  the  child’s  sleep  quality  (quiet,  i.e.,  the  absence  of  or  few
awakenings, or agitated, i.e., excessive waking with no clear cause) and the parental
satisfaction with  the  child’s  sleeping time were  registered.  The compliance  was
evaluated by the investigator at each visit by asking parents if the child accepted the
formula’s taste, if he/she had stopped the exclusive formula-feeding with the TeHCF
or if he/she had taken another formula and what was the average volume of TeHCF
taken  by  the  child  over  the  last  3  d.  In  case  of  poor  compliance  to  feeding
recommendation, or definitive interruption of the TeHCF feeding, the investigator
could decide to end the child’s study participation. The investigator also ranked his
overall satisfaction with the effect of the study formula on the child using a 4-item
scale ranging from very unsatisfied to very satisfied. Body weight, length and head
circumference were recorded at each study visit. Adverse events experienced by all
patients included in the study who received at least one of the two or three products
administered on FC days were monitored.

During the first 7 d of the open feeding with TeHCF, and 3 d before the D45 and
D90 visits, parents noted the volumes of formula consumed by the child, the types of
foods eaten, and the same parameters recorded in the diaries after FC days. They also
rated  their  satisfaction  and  the  formula  acceptability  by  their  child,  from  very
unsatisfied to very satisfied.

The results of atopy patch test (APT), Skin Prick Test (SPT) and the determination
of the dosage of specific IgE (sIgE) to any type of allergen performed before or during
the study period, and if deemed necessary by the investigator according to his usual
practice, were registered. The APT was conducted as recommended[14] with a specific
patch test system on which fresh cow’s milk and a negative control were placed. The
SPT was performed using the appropriate specific allergen extracts and positive and
negative controls; the tests were interpreted 15 – 20 minutes after application. The
dosage of serum sIgE was determined with a standardized ELISA. IgE-mediated
CMA was defined as the presence of one sIgE to CMP (α-lactalbumin, β- lactoglobulin
or  casein)  at  a  concentration greater  than 0.1  kU/L in  plasma or,  for  the  SPT,  a
difference in the diameter between CMP wheal and negative control greater than 3
mm.
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Table 1  Clinical and allergy characteristics of patients in the hypoallergenic population at inclusion (n = 29 patients), n (%)

Characteristics n (%)

Age, mo 8.03 (7.43)

Male 16 (55.2)

Anthropometric characteristics at birth

WFA z-score, mean ± SD 0.1 (1.0)

LFA z-score, mean ± SD 0.2 (1.3)

HCA z-score, mean ± SD 1.0 (1.0)

Gestational age, mean ± SD, wk 38.5 (2.3)

Preterm 6 (20.7)

Anthropometric characteristics at inclusion

WFA z-score, mean ± SD -0.3 (1.2)

LFA z-score, mean ± SD 0.0 (1.4)

WFL z-score, mean ± SD -0.4 (1.0)

BMI-for-age z-score, mean ± SD -0.4 (1.0)

HCA z-score, mean ± SD 0.7 (1.2)

Feeding history

Breastfeeding in the past 22 (75.9)

Duration of (exclusive and/or partial) breastfeeding, mean ± SD, wk 17.6 (16.2)

Duration of feeding with the formula taken before inclusion, mean ± SD, wk 10.8 (13.1)

Average volume of the formula taken before inclusion, mean ± SD, mL/d 655.2 (199.3)

Solid foods diversification 18 (62.1)

Allergy history

At least one parent or sibling with a medically confirmed allergy 14 (48.3)

Parents’ smoking habits

Past only 5 (17.2)

Current 11 (37.9)

Mother only 4 (13.8)

Father only 6 (20.7)

Both parents 1 (3.4)

Age at onset of first CMA symptoms, mean ± SD, mo 3.6 (4.4)

Time since beginning of the elimination diet, median (min–max; IQR), wk 8.3 (2.0–125.3; 9.7)

Time elapsed between the onset of allergy symptoms and the initiation of the elimination diet, median (min – max; IQR), wk 1.9 (0.1-46.0; 5.7)

Type of first CMA symptoms

Exclusively digestive 10 (34.5)

Exclusively cutaneous 2 (6.9)

Digestive and cutaneous 3 (10.3)

Digestive symptoms and other symptoms such as crying, irritability, abdominal pain, and agitated sleep 5 (17.2)

Digestive symptoms and failure to thrive 6 (20.7)

Digestive, cutaneous and other symptoms such as crying, irritability, and agitated sleep 3 (10.3)

Delay of first CMA symptoms

Immediate 1 (3.4)

Delayed 28 (96.6)

Type of food triggering the first CMA symptoms

Mother’s milk 4 (13.8)

Infant formula 25 (86.2)

SD: Standard deviation; WFA: Weight-for-age; LFA: Length-for-age; WFL: Weight-for-length; BMI: Body mass index; HCA: Head circumference-for-age;
CMA: Cow’s milk allergy; IQR: Interquartile range.

The study was conducted in the Pediatric Gastroenterology, Liver and Digestive
Endoscopy Unit of University Hospital Umberto I, Roma, Italy. The study protocol
was approved by the independent Ethics Committee of  the Sapienza University,
Roma,  Italy.  This  study  was  conducted  in  accordance  with  ethical  standards
established in the Declaration of Helsinki. Parents/legal guardians provided written
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Table 2  Characteristics of reactions (immediate and delayed) observed after cow’s milk introduction during the double-blind placebo-
controlled food challenge performed before (n = 19) or after study inclusion (n = 10), n (%)

Characteristics of patients with immediate reactions (n = 5)

   Types of reactions

    Objective gastrointestinal complaints 5 (100.0)

     Severe reaction 1 (20.0)

     Moderate reaction 1 (20.0)

     Mild reaction1 3 (60.0)

   Time of reaction after the ingestion of first CMP dose, mean ± SD, min 98.0 (4.5)

   Eliciting dose of CMP, mean ± SD, g 2.2 (1.3)

   Cumulative dose of CMP, mean ± SD, g 4.7 (2.9)

Characteristics of patients with delayed reactions only (n = 24)

   Types of reactions

    Digestive and cutaneous symptoms2 2 (8.3)

     Upper digestive symptoms (regurgitations and vomiting)2 8 (33.3)

     Lower digestive symptoms (changes in stools frequency/consistency and bloody stools)2 9 (37.5)

     Lower and upper digestive symptoms2 3 (12.5)

     Eczema 1 (4.2)

     Irritability/crying3 1 (4.2)

   Cumulative dose of CMP, mean ± SD, g 3.9 (1.8)

   Time of reaction after hospital discharge

    Within 6 h 11 (45.8)

    Between 6 and 12 h 5 (20.8)

    > 24 h 8 (33.4)

1These patients also presented delayed digestive reactions, such as diarrhoea or regurgitations, at an average of 3.7 ± 2.1 h after hospital discharge;
2associated with or without general symptoms such as crying, irritability, and changes in behaviour;
3this patient had a positive Skin Prick Test to cow’s milk. CMP: Cow’s milk proteins.

consent regarding their willingness to participate and the study procedures.

Statistical analysis
A formula must show at 95% confidence that it does not provoke allergic reactions in
90% of subjects with a confirmed CMA to be considered hypoallergenic[8]. In a study
with a binomial outcome (reaction versus no reaction), the sample size is determined
by calculating a binomial confidence interval (CI) for p, the probability of having a
reaction, as reported in a previous study[15] . In the case of 0 observed reactions, the
upper 95%CI for P is < 0.10 when the sample size is 29 participants. Thus, a study
including at least 29 subjects in which none were classified as positive in the DBPBFC
enables the investigator to conclude that the study provided 95% confidence that at
least 90% of children with a confirmed CMA who ingest the tested formula would not
experience a reaction. The primary criterion was assessed using the hypoallergenic
population, namely, patients with a proven CMA and complete DBPCFC. A DBPCFC
was considered as complete when the child was administered the FC on all days (two
or three days) and was monitored at a consultation up to 7 d after each FC day. The
secondary  outcomes  were  evaluated  using  patients  from  the  hypoallergenic
population who completed the second part of the study.

All statistical analyses were performed at the 0.05 global significance level using
two-sided tests. Data obtained at each visit were compared to baseline data (D0 visit
corresponding to the start of exclusive formula-feeding with the TeHCF) using a
Wilcoxon test  or  Student’s  t-test  for  quantitative  parameters,  depending on  the
normality  of  the  distribution.  For  qualitative  parameters,  McNemar’s  test  or  a
symmetry test (if more than 2 classes) was used. Statistical analyses were conducted
using SAS version 9.2.

The body mass index (BMI) was calculated and z-scores of weight-for-age (WFA),
length-for-age (LFA), weight-for-length (WFL), BMI-for-age and head circumference-
for-age (HCA) were computed based on World Health Organization (WHO) growth
standards for  healthy breastfed infants[16].  Specific  charts  were used for  preterm
infants less than 64 wk of postmenstrual age[17]. For older preterm infants, z-scores
were computed using WHO growth charts and the corrected age.
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RESULTS
Thirty patients were included in this clinical trial from April 2016 to July 2017. One
patient  did  not  have  a  confirmed  CMA  and  was  therefore  excluded  from  the
hypoallergenic population. The remaining 29 patients were aged from 1 to 31 mo at
inclusion (median age: 6 mo). At that time, 4 patients were partially breastfed, but
their mother’s diet was devoid of CMP. Twenty-two subjects were fed an eHF and 7 a
vegetable-based infant formula: One was fed a rice-based drink not adapted to infant
feeding and the other 6 were fed a rice-based infant formula. Other characteristics of
the patients’ feeding history are detailed in Table 1.

At inclusion, subjects had received a CMP elimination diet for an average of 15.6 ±
24.8 wk.  One patient  also eliminated egg albumen and soy.  Other details  on the
allergic history are described in Table 1. Of the 3 patients on whom an APT to cow’s
milk was performed, only one showed a moderate reaction. Three of 9 patients had a
positive SPT to cow’s milk. Another patient underwent a blood test for sIgE to CMP
and the titre of the antibodies against β-lactoglobulin exceeded 0.35 kU/L; therefore, 4
patients were considered as having an IgE-mediated CMA. One patient had a positive
SPT to cat, another to egg albumen and house dust mites, and another to tomatoes.

The CMA of 19 patients was confirmed by a DBPCFC that was performed at an
average of 2.7 ± 1.8 wk before study inclusion. In the hypoallergenic population, 5
patients experienced an immediate reaction after cow’s milk introduction, i.e., within
2 h after the last administered dose, and 24 only experienced delayed reactions (Table
2).

All patients tolerated the TeHCF; none showed an immediate or delayed reaction
after having ingested the entire planned volume of formula. Likewise, all patients
tolerated the placebo formula. During the food challenge follow-up, parents of one
patient reported an increase in regurgitations and irritability after the administration
of the TeHCF; parents of another child noticed a higher frequency of stools and a
change in their  consistency,  although these changes were also reported after the
administration  of  the  placebo  formula.  Finally,  the  parents  of  2  other  children
reported changes after the administration of the placebo formula: For one, a higher
stool frequency and lower stool consistency and for the other,  irritability and an
increase in crying duration. The investigator did not consider any of these changes as
allergic reactions related to the TeHCF or placebo formula.

All patients were fed the TeHCF for the open 3-mo period and none dropped out of
the  study  due  to  intolerance  to  the  formula,  poor  compliance  to  feeding
recommendation or definitive interruption of the TeHCF feeding.  No significant
differences in CoMiSSTM or any of its sub-scores were noted between the baseline and
D7.  The  TeHCF  was  therefore  well  tolerated  when  consumed  as  the  exclusive
formula. At baseline, the CoMiSSTM score was very low, on average 1.4 ± 2.0. Notably,
51.7% (15/29) of patients had a null CoMiSSTM score and the maximum CoMiSSTM

score was 6 for only 3 patients (10.3%). After 7 d of treatment, the mean CoMiSSTM

score decreased slightly to 0.7 ± 1.2, and remained very low, never exceeding the
mean baseline CoMiSSTM score, during the entire course of the study.

At baseline, the most severe intensity of regurgitations on the CoMiSSTM scale was
observed for only 3 patients who experienced more than 5 episodes of regurgita-
tions/day  with  a  volume  of  more  than  one  coffee  spoon;  at  D7,  regurgitations
improved for all these patients. The stools sub-score was also very low at baseline, an
average  of  0.62  ±  1.21,  and  did  not  change  significantly  throughout  the  study.
Additionally, 20.7% (6/29) of patients cried for more than 1.5 h daily at baseline; after
7 d of TeHCF feeding, only 3.4% (1/29) of patients cried for more than 1.5 h per day,
this change tended to be statistically significant (P  = 0.06). One patient presented
eczema lesions: The SCORAD index decreased from 20.5 at D0 to 5.1 at D45. None of
the patients presented urticaria or respiratory symptoms from baseline to the end of
the study. Vomiting was reported for only one patient on one visit (D45), and another
patient presented bloody stools also only once during the study (D90). Notably, 20.7%
(6/29)  patients  presented  digestive  discomfort  at  baseline;  this  percentage
significantly decreased after 7 d of TeHCF feeding to 3.4% (1/29, P = 0.025).

The majority of patients (51.7%, 15/29) did not show changes in their daily stool
frequency, which remained in the normal range throughout the study, i.e., from 1 to 4
stools passed/day[18]. During the entire study course, the great majority of parents
(86.2% (25/29))  were satisfied with the sleeping time of  their  child.  At  baseline,
approximately  90% of  patients  (26/29)  experienced quiet  sleep;  this  proportion
reached 96.6% at D90.

The mean WFA z-score significantly increased from -0.3 ± 1.2 at baseline to -0.2 ±
1.3  at  D45  (P  =  0.025)  and  to  0.1  ±  1.2  at  D90  (P  <  0.001)  (Figure  2).  The  same
significant evolution was observed for the mean WFL and BMI z-scores, which were
also slightly negative (Table 3) at baseline and increased by 0.3 ± 0.6 and 0.6 ± 0.9 after
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45 and 90 d of TeHCF feeding, respectively.
At each visit and for all patients, the investigator was satisfied or very satisfied

with the overall effect of the formula. Regardless of whether they were interviewed
after seven or 45 d of TeHCF feeding, more than 80% of parents were satisfied to very
satisfied with the global effect of the formula (Supplementary Figure 1). Moreover,
throughout the study, more than 85% of parents were satisfied to very satisfied with
the formula acceptability by their child.

All children in the hypoallergenic population complied to feeding recommenda-
tions, with the exception of 5 who were introduced to a new food allergen within days
following the challenge with CMP, but without consequence, as these foods were
subsequently  consumed  with  no  reaction  reported.  On  average,  the  patients
consumed between 500 to 600 ml of TeHCF throughout the study and their diet was
strictly devoid of CMP.

Children participated in the study for an average of 112.5 ± 20.7 d and were fed the
study  formula  for  90.4  ±  17.2  d.  Except  for  reactions  observed  after  cow’s  milk
introduction in patients exposed to a combined challenge, only one adverse event was
reported (viral gastroenteritis) during the study and was not considered related to the
TeHCF.

DISCUSSION
Based on the findings of the present study, the new TeHCF tested in children with a
proven CMA and which correspond to the patient  population the most likely to
benefit from this type of formula, i.e.  children aged 0-36 mo, meets the criteria of
hypoallergenicity according to the AAP[8]. No allergic reactions were noted after the
ingestion of this TeHCF, whether it was progressively administered at increasing
doses under medical surveillance at the hospital or when consumed as the exclusive
formula at home under the parents’ observation. In addition, children who were fed
the tested TeHCF for 3 mo showed increased growth z-scores within WHO reference
standards.  In  conclusion,  the  new TeHCF is  hypoallergenic  and appropriate  for
consumption by children who are allergic to CMP because of its good tolerance and
safety.

The methodology adopted in this study was rigorous. First, the CMA was proven
through a DBPCFC, the strictest diagnostic tool, and the same procedure was used to
introduce  the  TeHCF.  In  addition,  immediate  reactions  occurring  during  food
challenge were graded using an allergy symptoms scale derived from the PRACTALL
consensus report[10] to ensure that each subject’s challenge was conducted, monitored,
and interpreted in a uniform manner. Finally, children who were highly suspected of
having  a  CMA  were  included  in  that  study,  but  underwent  a  combined  food
challenge.  This  approach was used to  avoid the excessive burden imposed by 2
DBPCFCs on children and their parents. Therefore, the introduction of the placebo
formula  was  not  repeated  and  was  used  for  both  the  CMA  diagnosis  and  the
evaluation  of  the  TeHCF  hypoallergenicity.  Conversely,  no  control  group  was
investigated  during  the  second study phase,  which  is  the  main  methodological
limitation of this clinical trial. The TeHCF could have been compared to a control
formula,  especially for the evaluation of the satisfaction of the formula effect  by
clinician  and  parents.  However,  the  design  was  adequate  for  confirming  the
hypoallergenicity of the new TeHCF in allergic children, the primary objective of the
present  study.  Another  limitation is  that  information on late  reactions  after  the
introduction of cow’s milk, TeHCF or placebo formula was initially obtained from the
parents. However, the hospitalization of children for more than a day to perform a
DBPCFC is hardly feasible. Moreover, children were clinically re-examined by the
investigator and parents were required to accurately register the occurrence of any
delayed reactions in diaries, as already performed before[19,20] to enable their objective
evaluation by the investigator at follow-up visit.

When tested for a CMA diagnosis, most children reacted within the day following
the introduction of intact  CMP, highlighting the importance of  the open feeding
period to ensure that no delayed symptoms will appear after the first introduction of a
new formula. The AAP requests a 7-d open feeding period and a proper monitoring
of the onset of potential symptoms to confirm the hypoallergenicity of a formula[8].
Some studies employing a similar design to the present clinical trial also included an
open feeding period where parents were requested to note any occurrence of allergic
symptoms. Among the most recent studies, in 30 infants with CMA who underwent a
DBPCFC with an AAF, no serious adverse events were reported during the ensuing 7-
d feeding period that was completed by 24 patients[20]. Another AAF was tested in 30
of 33 included children with CMA during a similar period[19]. Vomiting (4 subjects)
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Figure 2

Figure 2  Mean weight ± SD at each visit shown compared with the World Health Organization growth standards for boys (A) and girls (B) fed the thickened
extensively hydrolysed casein-based formula.

due to the formula palatability, erythema for one subject, itchy skin on the back for
one subject and a mild stomach ache in another subject appeared but then subsided,
and the consumption of the AAF was not discontinued. The tested TeHCF showed a
good tolerance as well: none of the patients ceased its consumption during the open
exclusive formula feeding period, and the CoMiSSTM decreased slightly after the first
7-day feeding period.

Globally, during the second study phase, the CoMiSSTM remained at a low level, in
contrast  to  findings  reported  in  previous  studies,  i.e.,  significant  decreases  in
CoMiSSTM after interventions with therapeutic formulas such as eHCF, eHF based on
whey proteins or rice-based infant formula[21,22,23,24]. In the present study, children were
asymptomatic for at least two weeks upon inclusion and then underwent the DBPCFC
with an at least one-week interval between each FC day to allow potential symptoms
to resolve. Between each FC day and until the start of the exclusive formula-feeding
with the TeHCF (i.e., at Baseline – D0 visit), the child was fed the formula that was
successfully consumed before study inclusion; thus, the CoMiSSTM was very low at
baseline. The tolerance of the new TeHCF was evidenced by the maintenance of the
CoMiSSTM at a low level when children were exclusively fed this formula. Recently,
the mean CoMiSSTM score of 413 healthy infants (median age: 7.0 wk) was reported to
be 3.7 ± 2.9[25], which was higher than the mean CoMiSSTM reported at baseline in the
present study 1.4 ± 2.0; the difference might be explained by the lower median age of
the healthy infants (7 wk) than the included children (7 mo at baseline).

An  increasing  amount  of  data  on  the  growth  of  children  with  food  allergies,
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Table 3  mean ± SD anthropometric Z-scores at baseline, Day 45 and Day 90

LFA z-score WFL z-score BMI z-score HCA z-score

Baseline n 29 27 27 28

mean ± SD 0.0 (1.5) -0.4 (1.0) -0.4 (1.0) 0.5 (1.2)

D45 n 29 27 27 28

mean ± SD 0.0 (1.7) 0.0 (1.1) -0.1 (1.1) 0.5 (1.2)

P-values1 NS 0.0112 0.0232 NS

D90 n 29 27 27 28

mean ± SD 0.1 (1.7) 0.3 (1.2) 0.2 (1.2) 0.6 (1.1)

P-values1 NS < 0.0013 0.0022 NS

1P-values vs baseline;
2Student’s t-test;
3Wilcoxon test. D: Day; LFA: Length-for-age; WFL: Weight-for-length; BMI: Body mass index; HCA: Head
circumference-for-age; NS: Not significant.

particularly CMA, is accumulating[26,27]. Children with food allergies might indeed be
at  risk  of  growth  failure  for  several  reasons,  such  as  the  mismanagement  of  an
elimination diet or a delay in CMA diagnosis. Paediatrician recommendations stress
careful nutritional guidance to manage CMA[3,6,28,29] , including the use of an adapted
formula  that  meets  the  nutritional  needs  of  non-breastfed  infants  and  young
children[30,31].  Therefore,  evidence on the safety and suitability  of  these formulas
should be obtained from children with CMA in particular, as recently reported for
some eHFs[23,24] or AAFs[32,33]. Growth parameters of the children fed the TeHCF were
within normal range throughout the 3-mo period, indicating that this hypoallergenic
formula is safe.

Henceforth,  the TeHCF constitutes  a  new option among the various formulas
already available for the dietary management of non-breastfed children with CMA[34].
The aim of the eHCF thickening is the management of the concomitant presence of
CMA  and  regurgitations  occurring  when  gastro-oesophageal  reflux  (GER)  is
present[34]  in  some  infants.  Previously,  a  formula  with  non-hydrolyzed  CMP
supplemented with the same thickeners complex as the one in the TeHCF induced a
significant decrease in the daily number of regurgitations, from 7.3 ± 3.4 to 1.1 ± 1.3, in
90 infants within 14 d[35]. Therefore, the new TeHCF deserves further investigation in a
patient population whose allergic symptoms are still present because the CMP have
not yet been eliminated from their diet, on the contrary to children included in the
present study which had to be successfully fed an elimination diet before inclusion so
that their allergic symptoms were well improved. The effect of the TeHCF on gastro-
intestinal symptoms in children presenting at enrolment symptoms suggesting a
CMA, including severe regurgitations,  should be compared to a control formula.
CMA is often difficult to separate from functional gastro-intestinal disorder (FGID) in
these patients  when they present  adverse  GI  reactions to  cow’s  milk for  several
reasons: Regurgitation is the most common FGID observed in the first year of life[36,37]

and  occur  often  concurrently  with  other  FGIDs,  such  as  colic [ 3 8 ],  and  no
pathognomonic  symptom  or  sign  exists  for  the  diagnosis  of  CMA  or  GER
disease[4,5,6,7,34]. A DBPCFC should be conducted, but because this procedure is time-
consuming, expensive and requires specialized facilities, some experts suggest that it
may even be more clinically relevant in daily clinical practice to propose a thickened
eHF that addresses both of these conditions[39]. Moreover, the new TeHCF might be an
interesting option within the context of a widely use of acid suppressant medicines in
infants[40,41], despite paediatric guidelines urging physicians to exercise caution before
prescribing them[34], and particularly when multiple FGIDs are present[38].

ARTICLE HIGHLIGHTS
Research background
Cow’ milk protein allergy is the most frequent allergy in infant and young children. Its dietary
management consists of the elimination of any cow’s milk protein from the diet. In infant and
young children, infant formula has to be replaced by an adapted formula which protein do not
provoke reaction.  This  has  to  be  demonstrated by a  double-blind placebo controlled food
challenge according to the American Academy of Pediatrics.

Research motivation
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A new thickened extensively hydrolyzed casein-based formula (TeHCF) has been developed to
manage concomitant presence of cow’s milk allergy (CMA) and regurgitation. However, as a
first step, its hypoallergenicity had to be assessed.

Research objectives
The objective of this study was to assess the hypoallergenicity of a new TeHCF in children with
CMA.

Research methods
In children diagnosed with CMA through a double-blind placebo-controlled food challenge
(DBPCFC), the hypoallergenicity of the new thickened formula was assessed through a DBPCFC:
children were randomly administered increased doses of a placebo formula or the TeHCF under
double-blind conditions and medical surveillance on two separate days. In children highly
suspected of CMA, the hypoallergenicity of the formula and the CMA diagnosis were assessed
simultaneously during a 3-days food challenge. Immediate and late reactions occurring after the
introduction of any of these formulas were thoroughly recorded by the physician at the hospital
and reported by parents to the physician after hospital discharge, respectively. If the children
tolerated the TeHCF during the DBPCFC, they were exclusively fed this formula during a 3-mo
period

Research results
30 children have been included in the study between April 2016 to July 2017. CMA diagnosis
was confirmed by a DBPCFC in 29 (mean age: 8.03 ± 7.43 mo) patients. The children all tolerated
the TeHCF during both the challenge and the subsequent 3-mo feeding period, which they all
completed. During the latter period, the Cow’s Milk-related Symptoms Score remained at a very
low level, never exceeding its baseline value (1.4 ± 2.0), growth parameters were within World
Health  Organization reference  standards  and no adverse  event  related to  the  TeHCF was
reported. Over the first week of this period, the proportion of patients with digestive discomfort
significantly  decreased  from  20.7%  (6/29)  to  3.4%  (1/29),  P  =  0.025.  The  proportion  of
satisfaction with the overall effect of the formula reported by the parents and investigator was
high, as was the formula acceptability by the child. The efficacy on regurgitations in a specific
population of infants having CMA and regurgitation should be assessed.

Research conclusions
This  study  demonstrates  that  the  new  thickened  extensively  hydrolysed  formula  is
hypoallergenic. The design of our study, allowing to combine DBPCFC for CMA diagnosis and
evaluation  of  the  hypoallergenicity  reduced  burden  for  the  family  while  allowing  a  sure
diagnosis of CMA. Moreover, the tolerance was not assessed only during 7 d feeding period as
per the American Academy of Pediatrics but through a 3-mo feeding period, in conditions
similar to daily practices.

Research perspectives
Further studies should investigate the effect  of  this  new thickened extensively hydrolysed
formula in a patient population whose allergic symptoms are still present.
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