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Abstract

Purpose of Review Literature on the different options for the management of cow’s milk
allergy (CMA) was reviewed. Literature was searched using databases to find original
papers and reviews on this topic.
Recent Findings Amino acid based infant formula (AAF) is the most effective dietary
treatment of CMA. However, because of the high cost, guidelines recommend extensively
hydrolyzed formula (eHF) with a clinical proof of efficacy as the first choice option. In
many parts of the world, rice hydrolysates are an alternative option. Soy infant formula can
sometimes still be considered, in the absence of more suitable products. Yet, about 10 to
15% of infants allergic to cow milk will also react to soy. Thickened eHF and AAF may be
helpful in infants presenting also with troublesome regurgitation. Partially hydrolyzed
formula or infant formula with intact protein from other animals is no option. Finally, oral
immune therapy is indicated in some children with persistent CMA.
Summary eHF remains the first option for the treatment of most patients with CMA. Recent
data on induction of oral tolerance in CMA infants are interesting and deserve further research.

Introduction

Exclusive breastfeeding is universally regarded as the
first choice for infant feeding in the first months of

life, but will not be discussed further in this manu-
script, which focuses on specialty formula-fed infants
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with cow’s milk allergy (CMA). Although there is no
hard evidence that the prevalence of CMA itself in-
creases, that of allergic diseases involving the gastro-
intestinal (GI), the respiratory tract and the skin does
increase worldwide [1, 2]. The estimated prevalence of

CMA ranges between 1.9 and 4.9%, of which about
half is IgE mediated and half not [3, 4]. However,
incidences as low as 0.5% (95% CI 0.4–0.7) and
0.6% (95% CI 0.5–0.8) for a food-challenge-defined
prevalence of CMPA has been reported [4, 5•].

Hypo-allergenic formula

CMA is a reproducible clinically adverse immune-mediated reaction to one
or more cow’s milk proteins. Different immune mechanisms (IgE-mediated,
non-IgE mediated or combination of the two) have been described. Non-IgE
mediated has been far less studied than IgE-mediated allergy and immune
mechanisms are still not fully understood, yet evidence suggests that these
reactions are probably T cell mediated; this entity is also referred to as
“hypersensitivity” [6].

Much more parents perceive symptoms associated with cow’s milk
than the reported incidence of CMA, since parents report an incidence of
up to 17% [7]. Infant formula has been developed for the management
of CMA, and they are often referred as “hypo-allergenic.” Yet, the
wording “hypo-allergenic formula” should preferably be avoided, unless
a generally accepted definition is introduced, because it has a different
meaning in various parts of the world. In Europe, hypo-allergenic for-
mula means a formula that contains hydrolyzed protein and thus a
reduced allergenicity, and covers as well partial as extensive hydrolysates.
In the USA, hypo-allergenic formula refers to a formula that is tolerated
by at least 90% of the children with CMA, with a 95% confidence
interval.

Management of CMA symptoms

The vast majority of infants suspected to suffer CMA will be formula-fed
and present with a combination of symptoms [8]. Most guidelines
recommend an extensively whey or casein-based hydrolyzed cow milk
based infant formula (eHF) with clinical proof of efficacy for 2 to
4 weeks, as the first therapeutic option [3, 7–9] (Table 1, treatment
recommendations). If the symptoms do not improve with an eHF, then
CMA is unlikely. No guideline or recommendation indicates a preference
for a whey- or casein-based eHF. However, since most of the eHFs are
cow milk based, failure does occur if infants allergic to one or more of
the residual peptides. According to literature, this may occur in up to 5
or even 10% [3].

However, the recommendation to position eHF as the preferred option
over amino acid-based formula (AAF) is inspired by financial aspects
(Table 2). If cost would not be a factor to consider, it is likely that all
guidelines would recommend AAF as the preferred option, at least for a
period of 2 to 4 weeks.
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AAF is cow milk protein free, since it is purely made from amino
acids, and thus not using “cow milk” at all in the manufacturing
process. If a strict AAF diet does not result in an improvement of the
symptoms, the patient does not suffer CMA. AAF is recommended in
formula-fed infants if the presenting symptoms are anaphylaxis or eo-
sinophilic esophagitis, or when the child does not improve with an eHF
and CMA is a likely diagnosis or when the cost/benefit analysis is in
favor of an AAF. However, eHFs have been reported to be effective in
adults with eosinophilic esophagitis caused by cow milk [10]. If infants
refuse to drink an eHF, AAF may be indicated as well [3, 5•, 11]. In case
of anaphylaxis, a challenge with an eHF should be performed after 6 to
9 months or when the infant is 1 year old in a hospital environment
before cow milk is (re-)introduced [3, 12•]. AAF has possibly different
long-term nutritional effects than eHFs [11, 13, 14•]. Recently, nutri-
tional deficiencies such as hypophosphatemia and bone disease have
been reported with one AAF [14•].

Most of the eHFs are derived from cow milk and result from hydrolysis and
heat treatment of proteins to highly decrease and ideally abolish the allerge-
nicity of the resulting peptides.

Table 2. Average cost of formula in Belgium

€/400 g
Standard infant starter formula 8–9

Partial (whey) hydrolysate 10

Extensive cow milk hydrolysate 17–20

Rice hydrolysate 14

Amino acid formula 42–45

Table 1. Therapeutic recommendations according to different guidelines

Australia, Dracma, ESPGHAN
1st choice 2nd choice Differences

GI syndromes eHF AAF Australia: soy as first option in infants 9 6 months

Proctocolitis eHF AAF

Eos Eso AAF

Immediate food allergy eHF AAF Australia: soy as first option in infants 9 6 months

FPIES eHF AAF

Atopic eczema eHF AAF Australia: soy as first option in infants 9 6 months

Urticaria eHF AAF

Constipation eHF AAF

Heiner syndrome AAF eHF
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Cow’s milk (CM) contains two fractions of proteins: casein and whey
proteins, both with allergenic properties. Milk allergenicity can be reduced by
various processes such as heat and enzymatic hydrolysis. Manufacturing pro-
cesses (source of protein, duration of treatments, enzymes and temperature
used, combination with ultra-filtration or pressure, etc.) differ for each product.
As a consequence, all products are different, contain different peptide size and
amino acid sequence and thus present different remaining allergenicity. An
individual infant may react to one hydrolysate and tolerate another. Impor-
tantly, the characteristics and clinical effect of one eHF cannot be extrapolated
to another.

No clear and universal definition of eHFs exists, which was reflected
in recent publications mentioning the peptide profile heterogeneity of
eHFs and its potential impact on their functionality [15, 16]. Definitions
are based on molecular weight of peptides, preclinical testing, and
clinical testing. The American Academy of Pediatrics (AAP) defines an
extensively hydrolyzed formula as a formula containing only peptides
with a molecular weight of G 3000 Da [17], when the British Society for
Allergy and Clinical Immunology (BSACI) recommends to use hydroly-
sate with “the greatest percentage of peptides under 1000 Da” [18]. In
IgE-mediated allergy, symptoms are induced by the release of inflam-
matory mediators and cytokines (such as histamine and TNF-α) after
cross-linking of the high affinity IgE receptor (FcεRI) on mast cells and
basophils by allergenic epitopes. This reaction is complex and involves
different parameters [19]. The cross-linking of FcεRI requires that at least
2 IgE molecules bind to the allergen, which consequently must contain
at least IgE binding sites of approximately 15 amino acid residues long
theoretically, in order that the antibody binding can occur [20]. Dis-
continuous epitopes also exist which renders this picture more complex
and less precise in terms of length of epitopes able to trigger an IgE-
mediated reaction. Anyway, peptide size is recognized as being one key
element linked to an allergic reaction. Complementary preclinical
methods have been developed to assess residual allergenicity of hydro-
lysates. Animal models [21•, 22], mouse basophil activation test [23], or
humanized basophil cell line degranulation assay [24] have been de-
scribed and allow differentiation between intact, partially hydrolyzed
and extensively hydrolyzed formula, as well as, for some methods,
between different extensively hydrolyzed formula. These various com-
plementary methods are with no doubt necessary to characterize and
ensure quality management of hydrolysates. Yet, they have not been
proven predictive of reactions in CMA infants and successful well-
designed trials are still the ultimate proof of efficacy.

Efficacy of hydrolysates can also be explained by their immunomodulatory
properties. Hydrolysates were reported to enforce the intestinal epithelial bar-
rier, to promote T cell differentiation and decrease inflammation [12•]. Some
studies also suggest that eHF may influence pathogen recognition receptors
signaling. Some peptides in eHF bind to TLR2 and TLR4, influence cytokine
production andmay modulate immune responses in children with CMA [12•].

Palatability of infant formula is also an important aspect to be taken into
account. Generally speaking, eHF has a bitter taste than AAF but differences in
palatability of eHF have been described and are linked to the amount of bitter
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peptides obtained through hydrolysis or presence versus absence of lactose for
example [25, 26].

Thickened extensive hydrolysates and amino acid-based formula

Thickened eHF and AAF are commercially available [27, 28] to treat simulta-
neously CMA and infant regurgitation. CMA is a differential diagnosis in infants
presenting with GERD symptoms [29]. A diagnosis of CMA is considered in up
to one third of the pediatric cases with signs and symptoms of GERD [30].

Whether an eHF is thickened or not seems not to be relevant in CMA;
however, when the challenge test is negative, the thickened eHF is more effec-
tive in reducing regurgitation than the non-thickened one [27]. Up to now, no
allergic reaction to the thickening agent has been reported.

Rice hydrolysates

Rice hydrolysates are free of CMP allergens and are less expensive than cow
milk-based eHF. Of note, the definition of extensively vs partially hydrolyzed is
even vaguer for rice-based products, as the hydrolysis step is needed for tech-
nical reasons (solubility) as well. If an eHF is too expensive, not available, or if
the infant refuses to drink it, an extensively hydrolyzed rice formula (eRHF) is
an adequate option, based on their good nutritional profile and excellent
clinical efficacy [31–33]. One eRHF was indeed recently shown to fulfill the
requirements of 90% efficacy with a 95% confidence interval and has been
shown to be nutritionally adequate [31]. Partially hydrolyzed rice formula
(pRHF) exists as well. In general, the risk of contaminants such as heavy metal
and pesticides is higher in rice-based products. Typically, the content of arsenic
may be a safety issue limiting the use of rice. The Food andDrug Administration
(FDA) has warned that some rice products, such as rice feed thickeners and
cereals, may have a high content of arsenic. However, rice infant formula is
securely controlled and has been shown to have an arsenic content within the
legal limits. The arsenic content in rice-based infant formula should be deter-
mined and declared on the label [34]. Importantly, rice drinks (sometimes
incorrectly labeled as rice milk), which are distributed in some healthcare
shops, are not nutritionally adequate for infants.

Soy infant formula

Soy infant formula is no longer available in Europe, while it still holds an
important market share in the USA and other parts of the world. Soy infant
formula is nutritionally adequate, and whether its use should be limited to
infants older than 6 months or not because of the content of isoflavones is
heavily debated. Isoflavones have been shown to induce estradiol-like effects in
animal models [35]. The World Allergy Organization Diagnosis and Rationale
for Action against Cow’s Milk Allergy (WAO-DRACMA) guidelines recommend
cow milk-based eHF over soy infant formula in IgE-mediated CMA [7]; the
Australian guidelines recommend soy infant formula even as first option in
some conditions in infants older than 6months (Table 1), and according to the

Specialty Infant Formulas for Milk Allergy Vandenplas and Nutten 491



American Academy of Pediatrics, soy infant formula may be considered as a
valid second choice option after eHF since 10 to 14% of the CMA infants will
also develop a soy protein allergy with a higher incidence in non-IgE-mediated
CMA than in IgE-mediated CMA [36]. According to a recent meta-analysis, the
prevalence of soy allergy was 0.5% in the general population, but the prevalence
of sensitization after the use of soy infant formula was 8.7% [37]. In some parts
of the world, a partially hydrolyzed soy infant formula is commercialized,
although its therapeutic efficacy has not been tested. Altogether, given the
debate on the safety of soy infant formula, eRHF seems a better option.

What are not options?

The residual allergenicity of the peptides in partially hydrolyzed formula (pHF),
which are not intended for management of CMA symptoms, is indeed too high
to recommend the use of this kind of formula in the treatment of CMA. A pHF is
tolerated by less than half of infants with CMA [38]. However, pHF may be a
good option in themanagement of functional gastrointestinal disorders if CMA
is not suspected [39]. The cross-reactivity of cow’s milk with milk from other
animals such as sheep and goat is far too high to consider IF based on the latter
in the management of CMA [40]. Thus, goat’s milk infant formula may be a
valid alternative to cow’s milk-based infant formula, but cannot be recom-
mended in the treatment of CMA. Significant cross-sensitization to milk pro-
teins derived from animals such as cow, goat, and sheep exist in patients allergic
to CMP, but far less so than the milk proteins tested from animals such as mare
(donkey), horse, or camel [41]. Camel and mare milk have not been evaluated
as possible options [42–44], but ass milk (donkey milk) in particular has been
shown to be effective in managing CMA symptoms [44, 45]. The risk of
contamination with cow’s milk should not be underestimated, as there are
rarely dedicated production lines for alternative milks. However, none these
milks are commercialized as suitable for infants with CMA and thus are nutri-
tionally not adapted to the requirements of infants. While consumption of
unprocessed cow milk in young infants protects against respiratory infections
[46], it can as well not be recommended in infants for nutritional reasons.
Finally, the epitopes in raw, cooked, or baked milk differ [47•, 48] and baked
milk was reported to be tolerated in children with eosinophilic esophagitis as
presentation of CMA [49].

Gut microbiota

There is increasing evidence that resident microbial communities in the human
gastrointestinal tract, airway, and skin contribute to health and disease. More
specifically, a role ofmicrobiome in allergy has been studied during the last four
decades.

Advances in science and technology and specifically the possibility
now to catalog microbiota and define imbalances in microbial commu-
nities (referred as dysbiosis) has led to recent publications, which sug-
gest that modifying the microbiome to the host’s advantage could prove
to be an approach for preventing and/or treating allergic disease. For
example, enrichment of Clostridia and Firmicutes in gut microbiome
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positively correlated to resolution of milk allergy [50•]. Microbial me-
tabolites (including short chain fatty acids (SCFA)) are end-products of
dietary fiber fermentation by the intestinal microbiota and have recently
been demonstrated to regulate allergic inflammation [51].

Extrapolation from in preclinical studies suggests that supplementing
infant formulas such as eHF with prebiotics or probiotics such as Lactoba-
cillus (L.) rhamnosus GG or Bifidobacteria (B.) breve may offer an additional
benefit [52]. Many therapeutic formulas are supplemented with pre- and/or
probiotics. Administration of L. GG to children under the age of 2 years
suffering from eczema and with a challenge-proven food allergy has been
shown to result in a significant decrease in the eczema score [53]. But
negative results were reported as well [54]. L. GG has been shown to
substantially increase memory B cells and stimulate interferon-γ secretion
in infants with CMA and with IgE-associated dermatitis, but not in healthy
infants. In infants with colitis, supplementation of a casein eHF with L. GG
significantly enhanced the recovery of the inflammation in the colonic
mucosa in comparison to the same hydrolysate without the probiotic [55].
In the group that received the probiotic, fecal calprotectin and the number
of infants with ongoing occult blood in stools after 1 month were signifi-
cantly smaller [55].

While promising results have been published, there is currently no
positive recommendation from international scientific medical societies to
use prebiotics or probiotics for treatment of food allergy and discrepant
recommendations [56].

One study showed that addition of lactose to an eHF modulated the
composition of the gut microbiota and increased SCFA in infants with CMA
[57]. Considering the numerous beneficial effects described for SCFA, these
data, while still preliminary, argues in favor of a beneficial effect of lactose
for the development of a healthy gut microbiota. In the meantime, it is
technically feasible to add lactose to eHF with no detectable residual milk
proteins.

Induction of oral tolerance

The primary goal in the treatment of CMA is, of course, for the symptoms to
disappear. However, subsequently to the improvement of symptoms, the sec-
ond, and almost equally important objective, is to acquire oral tolerance. Yet,
no established guidelines or protocols on how to proceed with this aspect of the
treatment are available today.

Oral tolerance is a state of systemic unresponsiveness and is the default
response to food antigens in the gastrointestinal tract and subsequently plays a
critical role in preventing disorders such as food allergy.While the process is still
not fully uncovered, we have a pretty good understanding of the immune
mechanisms involved [58•, 59••]. A major role of a specific subset of dendritic
cells has been demonstrated and is involved in induction of regulatory T cells. T
cell anergy can also contribute to oral tolerance. Themicrobiota also plays a role
in the development of oral tolerance, through regulation of macrophages and
innate lymphoid cells which contribute to the regulatory phenotype of the
dendritic cells.
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Cow milk peptides
The hypothesis that exposure to cow’s milk protein residue (to mimic oral
tolerance induction) in CMA infants would favor acquisition of tolerance is still
debated. One study described no difference in tolerance acquisition to CMP
between groups receiving either an eHF or a RHF [60] and one other showed
that patients not exposed to cow’s milk protein residue (under soy formula or
RHF) achieved tolerance earlier than patients on eHF [61]. More studies are
needed to answer this specific question especially because the design of these
two latter ones are debatable due to the heterogeneity of the groups including
different brands of soy and eHF, which are known to contain different peptides.

Immunotherapy

Food immunotherapies involve oral, sublingual, epicutaneous, or subcutane-
ous administration of small amounts of native or modified allergens to induce
immune tolerance [62]. The oral immunotherapy approach (OIT) generally
follows the same principles as immunotherapy of other allergic disorders and
involves the administration of small increasing doses of food during an in-
duction phase followed by a maintenance phase with regular intake of a
maximum tolerated amount of food. OIT for cow’smilk allergy has been shown
to be effective in several studies [63], yet adverse reactions occur frequently,
especially during the escalation phase for the protocol, requiring epinephrine in
a number of cases. Studies combining OIT with omalizumab could be useful to
decrease adverse reactions [64–66].

Because it is better tolerated thanmilk in patients with CMA, bakedmilk has
also been used in OIT [67, 68] and may potentially accelerate desensitization.
Only few studies using sublingual (SLIT) or epicutaneous (EPIT) immuno-
therapy have been reported for cow’s milk [69, 70]. These two approaches were
less effective but safer than OIT, leading to less severe adverse events. The
question of the development of long-term tolerance after a memory immune
response has been generated is still open, but mechanistic studies of OIT trials
have shown shared pathways in oral tolerance and OIT, with a role of Tregs and
anergy [71–73]. Multicentric and randomized-controlled studies are needed to
answer still open questions including optimal dose, ideal duration of immu-
notherapy, degree of protection, efficacy for different ages, severity and type of
food allergy responsive to treatment [62].

There is also a potential role for probiotics in inducing immune tolerance.
An eHF supplemented with L. casei CRL431 and B. lactis Bb-12 failed to
accelerate tolerance [74]. The negative effect may be linked to strain efficacy
since in one other trial that compared an eHFwithout andwith L. GG, a double-
blind placebo-controlled food challenge was negative in 54% of the infants
without L. GG and in 81% of the infants receiving L. GG. These findings may
prove innovative in the therapeutic approach to treating infants with CMA by
accelerating the acquisition of tolerance [75]. Data suggest that L. GG promotes
tolerance in infants with CMA, in part, by influencing the strain-level bacterial
community structure of the infant gut and possibly by increasing fecal butyrate
levels [76].

Studies demonstrate that an AAF with synbiotics is safe and well tolerated
and promotes normal growth when fed to healthy full-term infants as the sole
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source of nutrition and is hypoallergenic in subjects with CMA [77]. A nutri-
tionally complete AAF including a prebiotic blend of fructo-oligosaccharides
and the probiotic strain Bifidobacterium breve M-16V improves the fecal mi-
crobiota of infants with suspected non-IgE-mediated CMA [78]. Yet, impact on
tolerance acquisition has not be demonstrated.

Unmet needs of current available formula

From the practical point of view, the bitter taste of eHF may be considered as
major shortcoming of the formulas, with potential impact on compliance and
acceptance, and an improvement of the taste profile should be considered.
Formula taste should be considered regarding the acceptance of the infant and
not consider interpretation of smell and taste by adults. Overall, these formulae
are more costly than standard formula. Lowering the cost without jeopardizing
the quality of the formula, as well as systems for having them reimbursedwould
be welcomed. Since there is consensus that eHF are specific, resulting in rec-
ommendations by different scientific organizations and key opinion leaders
that “only these formulae should be recommended that have been clinically
tested,” the healthcare professional as well as the consumer should be better
informed if a formula was clinically tested or not. Another possibility would be
that a formula is only allowed to come on the market if it has been clinically
tested. However, although being prerequisite, the clinical trials generally only
provide a snapshot with a single test based on a single production batch and
reproducibility in day-to-day manufacturing is key to ensure product safety and
quality, supported by diligent processes for quality control.

From the scientific point of view, formula originating from other protein
sources might be of interest as this may result in a greater efficacy, lower cost,
and better taste. Soy and rice are examples, but other commonly available
protein sources such as potato could be of interest as well.

The advantages of themanipulation of the gastrointestinalmicrobiomewith
pre- (including the benefits of lactose and HMOs) and probiotics should be
further studied. Finally, much more research is needed on the best way to
induce the development of oral tolerance. Manipulation of the gut microbiota
is only one way. The answers to these question will modify formula composi-
tion. It might also be necessary to have dedicated formulas for themanagement
of CMPA with the lowest possible risk profile and separate solutions to induce
tolerance.

Conclusion

According to the guidelines and recommendations, cow milk-based eHF re-
mains the preferred therapeutic choice, while AAF is reserved for themost severe
cases. RHFs are becoming more popular, since their efficacy is excellent and
nutritional parameters are adequate.

Manipulation of the gut microbiota may enhance the development of oral
tolerance. If the administration of small amounts of cow milk peptides also
result in the development of oral tolerance needs further validation. If the
absence of cowmilk peptides, as is the case with AAF and RHF, would result in a
delayed development of oral tolerance needs further evaluation as well, but
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seems not the case according to the data available today. The hypothesis that
management of CMA would first preferable be started with cow milk protein
free formula, followed by cow milk based eHF, followed in turn by small
amounts of cow milk, baked or not, supplemented or not with pre- and/or
probiotics, to enhance tolerance development is a challenging thought which
deserves to be evaluated.
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