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Abstract: Exclusive breastfeeding until the age of six months is the recommended feeding method
for all infants. However, this is not possible for every infant. Therefore, a second choice of feeding, as
close as possible to the gold standard, is needed. For historical reasons, this has been cow’s-milk-
based feeding. This paper discusses if this second-choice feeding method should contain intact
protein or partially hydrolyzed proteins. The limited data available indicates that mother’s milk
is relatively rich in bioactive peptides. Whether partially hydrolyzed protein might be a protein
source closer to human milk protein content than intact cow’s milk needs further research. However,
more research on protein and bioactive peptides in mother’s milk should be a priority for future
scientific development in this field. Results of such research will also provide an answer to the
question of which option would be the best second choice for infant feeding if sufficient breast milk is
not available.

Keywords: breastfeeding; functional gastrointestinal disorder; partial hydrolysate; peptide; prevention;
protein

1. Introduction

Hydrolyzed formulas for infants who are not breastfed can be of two types: partially or
extensively hydrolyzed cow’s-milk-protein based. Protein hydrolysis means that proteins
are broken down into smaller components or peptides. The size of the peptides determines
the classification of a formula as partially hydrolyzed (most peptides with molecular weight
of 3-10 kDa) or extensively hydrolyzed (peptides with molecular weight of <3 kDa) [1].
This definition is based on consensus rather than scientific evidence. Hydrolyzation results
in a range or continuum of peptide sizes. However, different methods of protein hydrolysis
(e.g., heat treatment, enzymatic hydrolysis) are applied by various manufacturers of infant
formula. As a result, the end-products of each company differ. The peptide size of some
formulas has been reported to be production dependent [2]. There is no evidence to indicate
whether differences in peptide size result in different clinical outcomes, although some
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studies suggest that up to half of all children with a proven cow’s milk allergy (CMA) have
incomplete resolution of symptoms upon treatment with an extensive whey hydrolysate [3].
Similar differences are reported for partial hydrolysates, i.e., differences in peptide size,
allergenicity, and induction of tolerance [4]. Peptide size was not necessarily associated
with a reduction in allergenicity in vitro, nor with oral tolerance induction in vivo, as
measured by a specific IgE level [4].

In summary, hypo-allergenicity and the induction of oral tolerance are hydrolysate spe-
cific. Therefore, it is not recommended to pool data obtained from clinical trials involving
different hydrolysates.

2. Breastfeeding

Exclusive breastfeeding up to the age of 6 months is the preferred feeding method
for all infants. However, there is no evidence that breastfeeding has a preventative effect
on the risk of developing allergies [5]. A crucial factor in deciding the optimal second
choice of protein source for infant formula is the knowledge of the protein structure in
mother’s milk. Unfortunately, this has been poorly studied. There is no evidence to suggest
that intact cow’s milk protein is the protein source closest to the protein found in human
milk, and there is even some data suggesting that the protein in goat’s milk, rather than
cow’s milk, might be closer to that in human milk. In any case, the total protein content
in human milk is much lower than in animal milk, and the casein/whey ratios differ
substantially. However, these differences relate to the intact protein structure, not the
size of the peptides. According to the limited data available, human milk is relatively
rich in peptides because of human milk proteases [6]. Human milk contains more than
1100 unique peptides derived from the 42 milk protein hydrolysates within the mammary
gland, including 306 potential bioactive peptides [7]. Milk proteases actively cleave milk
proteins within the mammary gland, initiating the release of functional peptides. This
means that the breastfed infant receives pre-digested proteins and numerous bioactive
peptides [7]. Consequently, the protein structure in a partially hydrolyzed cow’s-milk-based
whey protein infant formula may be closer to the protein structure in human milk than
that in intact whey protein formulas. However, proteolysis in the milk is controlled by a
balance of protease inhibitors and protease activators, so not all milk proteins are digested
within the mammary gland. This seems to be important, as many bioactive milk proteins
(e.g., lactoferrin, immunoglobulin) need to remain intact to function [5]. More research is
needed on the protein structure in mother’s milk to improve protein similarity between
first- and second-choice infant feeding.

3. Partial Hydrolysates

The possibility of preventing CMA and other allergies in infants is not unequivocally
accepted [8-10]. Partial hydrolysates have been available in many countries for more
than 30 years. They have been marketed in Europe as “hypo-allergenic formulae”. This
terminology caused a lot of confusion, as the term “hypo-allergenic formula” is used in the
US to describe a formula that is effective in the management of CMA in more than 90% of
all infants, with a confidence interval of 95% [11]. In Europe, the use of “hypo-allergenic”
(“HA”) was intended to indicate “reduced allergenicity”, as it was hypothesized that
hydrolyzed cow’s milk protein would reduce its allergenicity. The use of the term “HA”
refers to the fact that hydrolyzed protein has a reduced allergenicity in in vitro models [4]
and does not focus on the clinical impact. The use of “partial” and “extensively” hydrolyzed
protein removes the confusion induced by the term “hypo-allergenic”.

Qualitative changes of the peptides as a result of the method of hydrolysis may
influence the potential risk of allergic disease. Consequently, the degree of hydrolysis does
not always correlate with the clinical effects in trials. Since different techniques are used to
hydrolyze protein, the residual allergenicity of each formula is likely to differ. Peptide size
is not necessarily associated with the in vitro reduction of allergenicity, nor is it associated
with oral tolerance induction in vivo, as measured by specific IgE level [2]. Infant formulas
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differ regarding their ability to induce T-cell proliferation and proinflammatory cytokine
secretion, which could also explain the different outcomes obtained in clinical studies using
infant formulas [12]. However, it should also be recognized that differences demonstrated
in peptide length and structure do not necessarily imply a difference in clinical outcome.

Data from in vitro and animal studies suggest that partially hydrolyzed protein has a
reduced allergenicity and increases oral tolerance [13-15]. Animal studies suggest that a
specific partial hydrolysate decreases the risk of atopic dermatitis by improving the skin
barrier [15]. However, the etiology of allergic disease, including CMA, is multifactorial,
with the genetic background, environmental factors, and contact with the offending allergen
all contributing to the risk of allergy. The fact that many, if not all, confounding variables
can be controlled in in vitro conditions or animal studies, which is not the case in real-life
clinical settings, may explain the contradictory data.

Feeding infants hydrolyzed formulas has not convincingly been shown to reduce the
prevalence of allergic disease and, specifically, CMA. According to a systematic review
and meta-analysis (in which all studies are grouped together independent of formula or
study design), there is no evidence that partial or extensive hydrolysates reduce the risk
of allergic or immune-mediated disease [9]. However, some individual studies show a
different outcome.

The German Infant Nutritional Intervention (GINI) study was one of the first to report
evidence for a role of a specific partially hydrolyzed whey protein in the short- and long-
term prevention of allergic manifestations, mainly atopic eczema, in infants with a positive
family history of atopic disease [16]. The most recent follow-up data of the GINI study also
suggest a reduced risk of asthma after puberty (reduced period prevalence between 16 and
20 years) [17]. Furthermore, the outcome of the GINI study illustrates the specificity of
hydrolysates, as an extensive casein hydrolysate and a partially hydrolyzed whey protein
showed a significant and clinically relevant reduction in eczema risk in at-risk infants, but
the extensively hydrolyzed whey protein formula did not [16,17].

Current guidelines and recommendations, which are based on defined search crite-
ria, remain neutral and do not make recommendations for or against the use of partial
hydrolysates in the prevention of allergies. For example, the European Academy of Allergy
and Clinical Immunology (EAACI) issued no recommendations for or against using par-
tially or extensively hydrolyzed formula to prevent IgE mediated food allergies in infants
and young children [10]. The EAACI also recommended against feeding infants intact
cow’s milk protein during the first week of life [10]. Another analysis of studies on different
protein hydrolysates has led to the conclusion that their role in preventing allergies is
small. However, this analysis also pooled the results from different protein hydrolysates
and, therefore, does not allow an evaluation of the individual hydrolysates [18]. A meta-
analysis that focuses exclusively on only one type of hydrolysate showed that this specific
hydrolysate reduced the risk of eczema among children at high risk for allergies, albeit not
at all time points [19]. Therefore, the recommendation of the updated guidelines on Allergy
Prevention DGK]J/GPA 20/21 for at-risk infants is to consider whether an infant formula
with efficacy demonstrated in allergy prevention studies is available until complementary
feeding is introduced [20]. Recent guidelines do no longer recommend considering a family
history of atopic disease as a risk factor [21,22].

Currently, only one observational study has suggested a possible negative outcome
regarding allergenicity with a partial hydrolysate [23]. This study analyzed data from a
French longitudinal birth cohort study. All children who received a HA formula based on
a partially hydrolyzed protein at 2 months were consolidated into one single HA group
(N =251) and compared with children who received a cow’s milk formula at 2 months
(N =7149). Apart from the extreme imbalance of the groups, the study does not allow for
any conclusions concerning the effect of a specific HA formula, as partially hydrolyzed
protein HA formulas from different manufactures were used. As previously mentioned, the
properties of a hydrolysate are not only determined by the degree of hydrolysis or protein
source, but, crucially, are dependent on the hydrolysis process itself, which varies between
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manufacturers [14]. Therefore, combining data from studies using different hydrolysates is
likely to be scientifically inappropriate [24].

Unfortunately, trials comparing different partial hydrolysates have not been performed.

All reviews suggest that partially hydrolyzed formulas are safe, well-tolerated, and
lead to appropriate infant growth. Since formulas containing hydrolyzed proteins may be
produced from any suitable protein source and by different enzymatic or chemical means,
the EFSA emphasizes that the safety and suitability of each specific formula containing
protein hydrolysates must be established by clinical studies [25].

Partial hydrolysates are more easily digested than intact proteins [26]. An accelerated
transit time in preterm infants fed partially hydrolyzed formulas, compared to intact pro-
teins, was demonstrated in [27]. Numerous studies suggest a benefit of partially hydrolyzed
formulas in managing infantile colic, regurgitation, and constipation [28]. Unfortunately,
the partial hydrolyzation of the protein is only one of several changes in formula composi-
tion in all these studies. Other changes include reduced lactose, change in lipid content,
and the addition of a thickening agent, and, therefore, it is impossible to pinpoint the
hydrolysate as the single influential factor.

4. Conclusions

The risks and benefits of choosing a partially hydrolyzed formula in non-exclusively
breastfed infants should be discussed between the health care professional and the infant’s
caregivers. The current stage of knowledge leads to a philosophical discussion than to
an evidence-guided information. While there is a high degree of certainty that partially
hydrolyzed formulas are safe, substantial proof of their benefit has not been demonstrated.
Regarding allergy prevention, studies showed either no benefit or some benefit. Most stud-
ies show benefits regarding the management and prevention of functional gastrointestinal
disorders, although the hydrolyzed protein was always only one of the multiple changes
introduced to the formula. A conservative, evidence-based analysis would conclude that
there is insufficient evidence for an active recommendation. A more positive interpretation
would be that, while there is no evidence to state that there is a benefit, the possibility of
some benefit cannot be ruled out. Although the knowledge that a partial hydrolysate might
be closer to the protein composition in human milk than intact cow’s milk protein, and that
in vitro and animal studies strongly indicate benefit might be decisive in this approach,
today there is insufficient evidence to recommend their universal use. Last, but not least,
clinical trials with different hydrolysates are needed.
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