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Abstract: Exclusive breast feeding is recommended in all guidelines as the first choice
feeding. Cow milk allergy (CMA) can be diagnosed by a diagnostic elimination diet for 2 to
4 weeks with a hypo-allergenic formula, followed by a challenge test with intact cow milk
protein. The most often used hypo-allergenic formula for the diagnostic elimination diet and
the therapeutic diet is a CM based extensive hydrolysate. CM-based partial hydrolysates
cannot be recommended in the management of CMA because of insufficient efficacy and
possible reactions, but about half of the infants with CMA may tolerate a partial hydrolysate.
The pros and cons of other dietary options are discussed in this paper. The use of an amino
acid-based formula and/or rice based hydrolysate formula during the diagnostic elimination
and therapeutic diet is debated. When available, there is sufficient evidence to consider rice
hydrolysates as an adequate alternative to CM-based hydrolysates, since some infants will
still react to the CM hydrolysate. The pros and cons of dietary options such as soy formula,
buckwheat, almond, pea or other plant based dietary products are discussed. Although the
majority of the plant-based beverages are nutritionally inadequate, some are nutritionally
adapted for toddlers. However, accessibility and content vary by country and, thus far there is
insufficient evidence on the efficacy and tolerance of these plant-based drinks (except for soy
formula and rice hydrolysates) to provide an opinion on them.

Conclusion: A diagnostic elimination diet, followed by a challenge remains the diagnostic
standard. The use of an awareness tool may result in a decrease of delayed diagnosis.
Breastmilk remains the ideal source of nutrition and when not available a CM extensively
hydrolyzed formula, rice hydrolysate or amino acid formula should be recommended. More
evidence is needed regarding plant-based drinks.

Keywords: amino acid formula, challenge test, cow milk allergy, hydrolysate, plant-based
drink, rice hydrolysate, soy formula

Introduction

Cow’s milk allergy (CMA) is the most common food allergy in infancy, with
a reported prevalence of between 0.54 and 4.9%, varying by region and type of
feeding (human milk vs formula feeding).' IgE-mediated reactions typically occur
immediately after ingestion whereas non-IgE mediated are delayed and take up to
48 hours to develop, but still involve the immune system. IgE mediated symptoms
involve the skin, respiratory and gastro-intestinal (GI) tract, as well as general
manifestations. While the immediate symptoms of immunoglobulin E (IgE)
mediated CMA are readily recognized, the diagnosis of non-IgE mediated CMA
can pose a challenge due to the delayed onset of symptoms and overlap with other
common pediatric manifestations of functional gastrointestinal disorders such as
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infantile colic, gastro-esophageal reflux (disease) or even
infections.> > However, an appropriate timely diagnosis
and management of CMA is of paramount importance,
particularly during the critical early years of growth and
development. Several studies have suggested that, com-
pared to healthy children, growth in children with food
allergy is often impaired and vitamin and mineral deficien-
cies are common.® ' Causative factors include prolonged
dietary restrictions as part of single or multiple allergen
avoidance, associated feeding difficulties and atopic co-
morbidities, rather than differences in energy expenditure
or nutritional needs.®'" Infants and young children on an
unsupervised cow’s milk exclusion diet are at increased
risk of micronutrient deficiencies, mainly relating to insuf-
ficient iron, iodine, calcium and vitamin D and BI12
intake.'®'* Additionally, the duration of a cow’s milk
exclusion diet worsens parents’ perception of quality of
life in children with food allergies.'> Data shows increased
stress, worry, anxiety, and reduced health related quality of
life and self-efficacy among caregivers of children with
food protein induced enterocolitis syndrome.'®

This paper aims to critical review existing guidelines
for the management of CMA and speculate on upcoming
possible adaptations and changes.

Symptoms

There is no symptom that is specific for CMA as its
every manifestation can be caused by multiple condi-
tions. Immediate [gE-mediated type symptoms include
urticaria, lip swelling, facial angioedema, and at the
severe end of the spectrum, anaphylaxis.> By contrast,
non-IgE-mediated CMA may present with a wide range
of gastrointestinal and systemic manifestations, includ-
ing vomiting or regurgitation, diarrhea, rectal bleeding,
feeding difficulties, and general symptoms such as per-
sistent crying, sleep problems and failure to thrive.* "'’
The spectrum of non-IgE mediated CMA includes proc-
tocolitis, food protein induced enteropathy and entero-
colitis syndrome and more recently eosinophilic
esophagitis has also been recognized as a predominant
non-IgE mediated condition with the most recent
hypotheses proposing an IgG4 pathophysiology.'® !

Food Protein Induced Enterocolitis Syndrome is
a non—IgE-mediated food allergy that typically presents
in infancy, with repetitive protracted vomiting that
begins approximately 1 to 4 hours after food ingestion.
Vomiting is often accompanied by lethargy and pallor

and can be followed by diarrhea. Delayed onset and

absence of cutaneous and respiratory symptoms suggest
a systemic reaction different from anaphylaxis.AA7
However, it is recognized that many subjects with eosi-
nophilic esophagitis do also have positive IgE towards
food or aero allergens. Conditions with mixed IgE- and
non-IgE-mediated mechanisms such as atopic eczema,
are also frequently associated with CMA.?>** Chronic

such as recurrent

22-24
A.

respiratory symptoms coughing,
wheeze, rhinitis, can also be related to CM
Although respiratory symptoms are part of the spectrum
of symptoms of CMA, respiratory tract infections are, of
course, a much more frequent etiology for these mani-
The fact that children with CMA have

a higher risk of developing respiratory tract infections

festations.

complicates the wunderstanding of the interactions

between allergy and infection.?*

Diagnosis

The diagnosis of an IgE mediated allergy is generally
easier, because of the clear time-relation between inges-
tion of the offending food and the appearance of symp-
toms. In addition, specific IgE and skin prick tests
contribute to the diagnosis of IgE mediated allergy in

the right clinical setting.”**

By contrast, non-IgE
mediated and mixed CMA constitute a heterogeneous
group of symptoms caused by immunological mechan-
isms that still need to be fully clarified.>*** The diag-
nosis of the Food Protein Induced Enterocolitis
Syndrome is primarily based on the clinical history of
typical characteristic signs and symptoms with improve-
ment after withdrawal of the suspected trigger food,
Oral food

challenges help to confirm the diagnosis if the history

after eliminating other potential causes.?

is unclear and there is a favorable risk/benefit ratio.?® In
infants with persistent crying, esophageal and gastroin-
testinal motility parameters do not reliably differentiate
non-IgE-mediated CMA from functional gastrointestinal
disorders or gastro-esophageal reflux disease (GERD).?’
In the group with non-IgE-mediated CMA, elimination
of CMP significantly improved GER symptoms, esopha-
geal peristaltic function, and mucosal integrity.>’ 2° The
diagnosis in clinical practice, therefore, relies on an
allergy focused history and physical examination, with
the resolution of symptoms with the elimination of the
presumed triggering allergens.”’ *° Diagnostic confirma-
tion is required with an oral food challenge (ideally
blinded) and/or home reintroduction of the suspected
food allergens after usually 2 to 4 weeks of elimination
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of cow’s milk from the diet for IgE mediated symptoms
and longer for non-IgE-mediated symptoms, even up to
6 weeks for eosinophilic esophagitis.’”>°. The diagnosis
of eosinophilic esophagitis requires upper gastrointest-
inal endoscopy and biopsies.

Several studies have investigated the diagnostic use
of various fecal biomarkers, such as fecal calprotectin,
o-1 antitrypsin, B-defensin, tumor necrosis factor-a,
fecal IgA, eosinophil-derived neurotoxin and eosinophi-
lic cationic protein, but none appear accurate in this
condition.?’ The measurement of food-specific IgG and
IgG4 antibody levels also does not contribute towards
diagnostic accuracy and the European Academy of
Allergy and Clinical Immunology advises against using
the latter tests for IgE mediated food allergies.””~*® The
possible role for IgG4 in the pathophysiology of eosi-
nophilic esophagitis, primarily a non-IgE mediated dis-
further
contribution of the allergen-specific lymphocyte stimula-

ease needs clarification.'” The diagnostic
tion test needs to be further evaluated and is not avail-
able in routine clinical practice.”” The Atopy Patch Test
has been proposed and appeared promising in non-IgE
mediated allergy but has been insufficiently studied and
standardized to be recommended by any of the official
allergy bodies (including the National Institute of
Allergy and Infectious Diseases (NIAID) and European
Academy for Allergy and Clinical
(EAACI) guidelines). Other possible diagnostic tests

such as intestinal vessel density, the basophil activation

Immunology

test, and genetics are not routinely available and need
further evaluation.”’ A clinical awareness score, the
Cow’s Milk related Symptom Score (CoMiSS™) was
recently developed.*’ Although further studies are
needed to validate the CoMiSS in the diagnostic workup
of CMA, it can already be considered a useful clinical
awareness tool, especially for suspected non-IgE
mediated CMA and to monitor the response to an elim-
ination diet.”’

An elimination diet and oral food challenge remains
therefore the cornerstone for the diagnosis of CMA,
although this test does not demonstrate the involvement
of the immune system in the pathogenesis of the symp-
toms. Functional gastro-intestinal disorders associated
with the intake of cow’s milk will as well improve and
relapse with an elimination diet and challenge. Today, our
knowledge about the pathophysiologic mechanisms
involved for both conditions is too limited to always

clearly separate them.

Management Options
Breastfeeding and Extensively Hydrolyzed
Formula in CMA

The management of CMA relies on the strict dietary
elimination of CMP from the infant’s diet and, when
applicable, also from the breastfeeding mother’s diet. All
guidelines on the management of CMA recommend con-
tinued breast feeding as the ideal nutrition for allergic

infants 22232735

In breastfed infants, with persistent
symptoms, a 2—4 week maternal elimination diet is recom-
mended but a re-introduction of CMP is crucial to confirm
the diagnosis and to avoid an unnecessary and protracted
diet that increases the nutritional risk for the mother.*®
When breastmilk is not available or insufficient most
guidelines advise an extensively hydrolyzed formula
(EHF) as first choice formula for mild to moderate
CMA, moving to AAF if EHF fails.?%?327-32735.37.38

Hypoallergenic formulas are tolerated, per definition,
by 90% of subjects with CMA with a 95% confidence
interval and are divided according to the degree of protein
hydrolysis. EHFs contain short peptides (with the majority
below 1500 Da) and amino acid formulas (AAF), provide
protein in the form of simple amino acids.’**’ Studies
have shown that between 2% and 18% (average 10%) of
children with the immediate-type, IgE-mediated, CMA
continue to react to an EHE.*'"™* A Turkish economic
driven study evaluated the rate of intolerance to EHF
even as high as 29 to 40% which may reflect the severity
of patients enrolled or the criteria used to define
reactions.** Allergy to EHF has to be considered in the
presence of IgE mediated allergic manifestations such as
anaphylaxis but also in case of non-IgE mediated chronic
gastro-intestinal symptoms such as regurgitation, diarrhea
and colic.>*

A number of studies have demonstrated that EHFs
provide adequate nutrition and normal growth in children
with CMA.**** Growth was assessed in a randomized
trial in healthy infants, enrolled between 0 and 9 days of
life and followed up to 112 days of age. Infants fed AAF
and a casein EHF showed similar results and not different
from the ones obtained with a partial hydrolysate.*’
Whether there is a different efficacy between whey or
casein EHFs is still unclear.’® Normative data on the
composition of Foods for Special Medical Purposes
(FSMPs), including EHFs, have been updated and regu-
lated in Europe (Commission Delegated Regulation (EU)
2016/128 of 25 September 2015 supplementing Regulation
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(EU) No 609/2013 of the European Parliament and of the
Council as regards the specific compositional and informa-
tion requirements for food for special medical purposes).
Nevertheless, weight gain should be regularly checked
particularly during the first two years of life.

Not all EHF are the same: since the type of protein (ie
whey or casein) hydrolyzation technique differs between
products, thus residual peptides are different, which further
highlights the importance to only recommend EHF that
have been tested clinically and shown to fulfill the AAP
recommendations.’'*>? Moreover, not all commercialized
EHF products have undergone formal testing in the labora-
tory and clinical trials.”'? Guidelines need to be devel-
oped for minimum technical and regulatory requirements
for EHF products, including validated assays for ongoing
quality control.>® Clinical trials assessing new EHF pro-
ducts for their hypo-allergenicity and ability to support
normal growth remain the definitive proof of efficacy
and safety in infants and young children with CMA.>*-?

Apart from differences in ingredients, formulas also
exhibit distinct differences in smell, texture, taste and
aftertaste when compared to cow’s milk formulas.>
Overall whey EHF, in particular those containing lactose,
were judged to be of better palatability than casein EHF
and AAFs.”* Amongst health care providers (HCPs) who
manage infants with CMA, whey-based lactose-containing
EHFs were ranked the most palatable.” Taste preference
studies are often done in adults and provide limited infor-
mation regarding acceptability in pediatrics. Long-term
intake of bitter- and sour-tasting EHFs and AAFs are
reported to influence food preferences and food choice
later in life. Infants fed EHF for 3 or 8 months, but not 1
month, showed greater acceptance of a savory broth rela-
tive to the plain broth and consumed it at a faster rate.’® In
fact, consuming a substitute formula and/or a cow milk
elimination diet in infancy has a long-term effect and has
an impact the preference for bitter taste up to the age of 11
years.”’

In summary: only those EHF that have been clinically
tested regarding both their hypo-allergenicity and support-
ing growth can be recommended, with a documented con-
tinuous quality control.

Amino Acid-Based Formula

Since no component of an AAF is derived from cow’s
milk, AAF are considered 100% effective in treating
CMA. Similar to EHFs, AAFs also have to comply
with new EU regulations in regard to composition.

These formulas have also undergone growth studies and
assessment on nutritional adequacy in children with
CMA.>* % According to most recommendations, indica-
tions for using AAF as first choice in infants with CMA
include: anaphylaxis, symptoms not fully resolved on
EHF, faltering growth/failure to thrive in particular with
multiple food restrictions and if both skin and gastroin-
testinal tract are involved, eosinophilic esophagitis.>** In
moderate forms of CMA the preference for EHF over
AAF is cost driven and health care system or insurance
reimbursement. The possible advantage of contact with
cow’s milk peptides in order to facilitate acquirement of
tolerance is another possible argument in favor of
the EHF.

Based on theoretical cost calculation, some have sug-
gested AAF as diagnostic elimination diet or as initial
44,64,65 in 2009,

a proposal was made to use AAF as the initial dietary

management. In Australia, already
intervention for CMA because of an economic benefit,
potentially releasing limited hospital resources for alterna-
tive use within the pediatric healthcare system.®* In Brazil,
it was calculated that the use of AAFs in the diagnostic
elimination diet of infants (<24 months) with suspected
CMA would be cost saving, and also result in more symp-
tom free days.®> Similar recommendations were made in
Turkey and China.***®®” In China, the new expert con-
sensus on food allergy-related gastrointestinal diseases
recommends using AAF for infants diagnosed with
CMA 66:67

One could indeed consider the concept of an AAF based
diagnostic elimination diet during 2—4 weeks. Arguments in
favor of this concept include the fact that in case of CMA,
an AAF should be 100% effective and thus result in
a clearer response to a diagnostic elimination diet, since
a number of infants will still react to the EHF. Also, it may
result in faster resolution of symptoms, potentially enhan-
cing the quality of life. However, only economic driven data
are available to substantiate this hypothesis. An argument
against using an AAF for diagnostic purposes is after the
disappearance of symptoms with the AAF and relapse of
symptoms during the challenge, the tolerance of the EHF
still needs to be demonstrated. In many countries, unneces-
sary continuation of an AAF therapeutic diet and as a result
increased cost may be a risk related to this approach. Last
but not least, the impact on induction of oral tolerance
should be considered and studied, since AAF is cow milk
free. Therefore, well-designed prospective and blind trials
are needed to further evaluate this new approach.
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In summary: AAF is recommended for severe CMA.
The benefit-cost effect of an AAF based diagnostic elim-
ination diet during 2 to 4 weeks before the diagnostic
challenge seems a possibly interesting approach which
should be evaluated before it can be recommended.

Partial Hydrolysate Formulas (pHFs)
Partially hydrolyzed cow’s milk-based formulas have no
place in the management of CMA because the residual
allergenicity of the peptides in these formulas is too high,
exposing the infant to a risk of severe reactions. As
a consequence, the data on the efficacy of pHFs in CMA
are extremely scarce. However, one study reported a 64%
efficacy of a pHF in infants with IgE/mixed or non-IgE
CMA with a positive double-blind challenge to cow’s
milk.°® These finding were confirmed in a Japanese
study, showing that in 1-9 year old children with mild to
moderate IgE mediated CMA, 20 mL of cow milk was
tolerated by 2/25, 20 mL of pHF by 16/25 and 20 mL of
EHF by 22/25.°° These authors conclude: “although
further confirmation from additional centers is needed,
our findings suggest the use of pHF in patients with mild
CMA”.® Peptides with a tolerogenic potential have been
identified in pHE.”” In a mouse model, partially hydro-
lyzed whey proteins were shown to prevent clinical symp-
toms in a cow’s milk allergic mice and enhance regulatory
T and B cell frequencies.”' In other words: although pHF
cannot be recommended in the management of CMA,
improvement or even disappearance of symptoms with
a pHF does not exclude CMA as a possible diagnosis.
Also, pHF have been shown to result in adequate nutrition.
In summary: pHF cannot be recommended in the manage-
ment of CMA but CMA cannot be excluded if symptoms
improve or disappear with a pHF since about half of the
infants with CMA tolerate a pHF.

Other Mammalian Milks
It is contraindicated to feed an infant with CMA a formula
with intact protein from other animals, including goat and
sheep, because of a high cross-over allergenicity and pos-
sible nutritional inadequacy. In terms of allergenicity, the
greatest level of cross-reaction is seen between cow’s,
sheep/ewe’s and goat’s milk. Less similarity is found
between cow’s milk and the milk from pig, horse, donkey
and camels.’® In particular, camel and dromedary milk
does not contain Bos d5.*?

Noteworthy, the calcium content of mare’s and donkey’s
milk is lower than cow’s milk; the folate and vitamin B12

content of buffalo, sheep and goat’s milk is lower than
cow’s milk and uncertain for other milks.>? There is some
literature that donkey’s milk and camel milk could be
tolerated in selected infants, but to the best of our knowl-
edge- there is no donkey milk or camel milk based nutri-
tionally adapted formula in Europe on the market.”*’> Raw
natural camel’s or donkey’s milk should not be considered
in the management of CMA in infants.

Plant-Based Based Infant Formula
Rice-Based Formula

Rice based infant formulas and hydrolysates have been
commercially available for the last 30 years and consump-
tion has risen, but rice based hydrolyzed formulas (RHFs)
are not available in all countries.’® Sales data from France
indicated that it accounted for 5% in volume of all for-
mulas for children aged 0-3 years in 2018.”7

A RHF was shown to be tolerated by infants allergic to
cow’s milk and soy.””””® With the same RHF tested in 100
infants with CMA, blood sera often contained specific IgE
against rice proteins at Pharmacia ImmunoCAP™ (21/91)
and immunoblotting (70/96).”° However, only six had very
weakly positive responses according to skin prick tests
and/or specific IgE to RHF, and all DBPCFC with RHF
were negative.”’ Efficacy and safety were also confirmed
in a Spanish study.** RHF was proposed to be more
effective than soy and comparable to a casein hydrolysate
in infants with CMA.®' The number of studies with RHF
in infants with CMA remains limited compared to the
number of studies with EHF.

Cost and palatability should also be considered. Four
studies have assessed the taste acceptance of RHFs in
adults and found better taste compared to EHF casein
and similar taste acceptance to EHF whey formula.®
Initially, RHF were remarkable cheaper than EHFs.
However, the cost of RHFs differs now from country to
country: while in some countries RHFs are still cheaper in
some countries, they have a comparable cost as EHFs in
other countries.

The nutritional quality of rice proteins is suitable to be
used in infant formulas giving that it is supplemented by
certain amino acids that can be lacking.®® Infants fed
a RHF for 6 months showed normal growth, normal
plasma nutritional parameters and no adverse
reactions.® ®® No significant differences between RHF,
soy infant formula and casein EHF groups were observed
for the z-score for weight-for-age during the first two years
of life.®>% A RHF was shown to be effective and
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nutritionally adequate,®'-#7-58

unlike rice beverages made
from rice flour which are nutritionally inadequate.®'

In one trial cow’s milk tolerance was achieved earlier
in infants fed RHF than in the ones receiving an EHF.®
However, another study concluded that acquisition of tol-
erance was faster with a casein EHF than with a RHF, and
tolerance was further enhanced by the addition of
Lactobacillus GG to the casein EHF.”® The absence of
lactose in RHF and in most EHFs are still a topic of
debate.

The high content of arsenic in some rice products, rice
drinks and rice cereals has been considered in several
studies and was the object of an FDA warning and an
ESPGHAN  Nutrition o193
However, in RHF the arsenic content was reported to be

Committee  document.
very low, and not different from the arsenic content of cow
milk based infant formula.”*

Already in 2010 the DRACMA guidelines suggested
that HRF was a suitable alternative, depending on local
availability, when EHF or soy protein based formulas were
not tolerated.* Since then, more data has been published
on its safety and its availability has grown, resulting in its
possible use as first line formula for CMA.

In summary: RHF are reported to be effective in the
management on infants with CMA as first line option,
when breastmilk is not available or if EHF are not
accepted for taste reasons, not affordable or given lack of
efficacy.”” There is no safety concern regarding RHF, on
condition their arsenic content is controlled and within the
safety remits set by the WHO.””:>° In the guidelines, there
is no recommendation that RHF is preferable to soy for-
mula, but that it can be substituted if available.’**’ Today,
it is our opinion that RHFs may become preferable to soy
formula as a plant-based alternative to EHF (see “soy
based infant formula”).

Soy-Based Infant Formula

Soy has been cultivated since the 17th century and is the
third most important crop after rice and corn. Soy infant
formula is historically the first plant-based feed for infants
and young children that was developed. The first use of
soy based infant feeding was reported in the United States
in 1909.”° Noteworthy, to be nutritional adequate plant-
based formula, ie soy protein isolate formula, should be
fortified with some key nutrients, such as calcium, iron
and dietary fiber. Besides availability and palatability, per-
sonal beliefs, religious background, and contemporary
views advocating the importance of plant-based food in

adult population are reasons which influence nutritional
choices.”” According to the AAP, 10 to 14% of the infants
with CMA will also become allergic to soy.”® Soy does
cause less frequent allergic reactions in infants with IgE
mediated allergy than in those with non-IgE mediated
allergy. According to a systematic review, prevalence of
soy allergy was 0 to 0.5% (0.27) in the general population,
0.4 to 3.1% (1.9) in the referred population, and 0 to
12.9% (2.7) in children already allergic to other foods.”
Prevalence of sensitization after the use of soy formulas is
8.7 and 8.8%, depending on the method used.” Although
it is generally recommended not to use soy formula in
infants aged less than six months, there is insufficient
evidence that proves a higher risk of allergy in the first
months of life.”” In some countries, where EHFs are not
available or not affordable and the mother is unable to
breastfeed, the use of soy formula as an alternative to
cow’s milk formula is preferable to other locally produced
cow’s milk alternative feeds that have not been proven as
nutritionally complete for infant feeding, even in infants
under the age of 6 months.”

Soy infant formula is not recommended as a first-
choice option in the management of infants with CMA.*®
However, due to the unavailability and high cost of EHF
or other dietary management options, soy infant formula is
still used in many countries, especially developing ones.
Heat treatment and extraction during processing also lower
some unfavorable ingredients, such as isoflavone, trypsin
inhibitor, phytic acid content, beany flavor.'’*'°! Soy pro-
a PDCAAS (Protein Digestibility-
Corrected Amino Acid Score) of 1 which is comparable

tein isolate has
to high quality animal protein such as casein and egg
white.'”? Modern soy based infant formulas are evidence-
based safe options to feed children. The patterns of
growth, bone health and metabolic, reproductive, endo-
crine, immune and neurological functions have been
reported to be similar to those observed in children fed
cow’s milk based infant formula or human milk.'®

In summary: soy infant formula is a good secondary
choice option in the management of non-breastfed infants
with CMA when EHF or RHF or AAF are not available or
not affordable.

Other Plant-Based Beverages

Whilst there are now some plant-based beverages (in
particular based on soy) that are designed for toddlers,
the primary concern is around energy, protein and
selected micronutrient content (ie iodine and vitamin
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D). Most non-organic plant-based drinks are supplemen-
ted with calcium. However, many plant-based drinks are
on the market and not nutritionally adapted to the needs
of infants and toddlers and should, therefore, not be used
as main drinks for children under 2 years of age.’*'*
Adverse effects from the misuse of certain plant-based
beverages have been well-documented and include fail-
ure to gain weight, decreased stature, kwashiorkor, elec-
trolyte disorders, kidney stones, and severe nutrient
deficiencies including iron deficiency anemia, rickets,
and scurvy. Such adverse nutritional outcomes are largely
plreventalble.lo5 However, recently, some toddler formulas
have become available that are vegan, and made from
clean real food ingredients such as pea, rice, buckwheat
and almond, have a mild pleasant flavor, and meet 100%
of the nutrient needs. Up to now, no other formulas
nutritionally adapted to the needs of infants, except the
rice based and soy formulas discussed above are avail-
able; but are now being studied. It is, however, concei-
vable difficult for the consumer and health care providers
to separate the nutritionally adequate from the Iess-
adapted plant-based beverages, drinks and feeds.

These plant-based beverages should ideally not be used
as a main drink in children < 2 years of age and if they are
considered after 1 year of age, a nutritional assessment
should occur before, to ensure that the child is achieving
their nutritional requirements through their current diet.'%

Plant based liquid feeds based on almond, buck-
wheat, rice and pea that are nutritionally adequate for
toddlers are available for purchase in some countries and
on-line. These plant-based drinks based on variety of
grains and pulses have different tastes and characteris-
tics. Some can be allergenic, including oat and almond
(ie pea).
A Canadian case-series published on anaphylaxis to hid-

milk and some are emerging allergens

den pea protein.'”” In peanut-sensitive patients, cross-
allergenicity was demonstrated to be most marked
between the extracts of peanut, garden pea, chickpea,
and soybean.'®® The results have important implications
for selection of effective hypoallergenic diets and for the
diagnosis of patients hypersensitive to foods.'® The
marketing positioning of these plant-based products as
alternatives for patients with CMA is not substantiated
with evidence and needs further well designed trials
before these allegations can be endorsed. For rice drinks,
unlike for HRF, concern has been raised about the
arsenic content.

Also, for these other plant-based drinks, the absence of
cow milk peptides to induce tolerance to cow milk protein
and the absence of lactose are topics of debates.

In summary: the majority of other plant-based drinks on
the market are nutritionally not adapted for infants and tod-
dlers. However, growing up toddler formula from other plant
based sources nutritionally adapted (almond, buckwheat,
pea) are available. This evolution may warrant the develop-
ment of a new terminology to differentiate the nutritionally
inadequate “drinks” or “beverages” from the nutritionally
adapted “liquid plant-based feedings or formulas”. There is
insufficient evidence to recommend these as alternative man-
agement options for infants and toddlers with CMA.

The Gastrointestinal Microbiome
A Bridge Between Pathogenesis and

Management

While the composition of the gastro-intestinal (GI)
microbiome and its manipulation is not a main factor in
the management of CMA, it is interfering independent of
the dietary management option chosen. There is an
increasing body of evidence showing that the composi-
tion of the GI microbiome is a key factor in the devel-
opment of immune function.'>''? Dysbiosis may result
in a disruption of the mucosal immunological tolerance
and trigger pro-allergic and inflammatory processes,
which lead to atopic conditions.'” Data from 20 years
ago show that the GI microbiome composition in infants
is prognostic to the development of CMA even before the
onset of symptoms.''"''? It has been shown, already
some 20 years ago, that a GI microbiome with low levels
of bifidobacteria is observed in infants who will later
become allergic.''""''? Lower relative abundances of cer-
tain bacteria (for example, Bifidobacterium, Akkermansia
and Faecalibacterium), higher relative abundance of par-
ticular fungi (Candida and Rhodotorula) and a distinct
fecal metabolome enriched for pro-inflammatory metabo-
lites is a risk factor for the development of allergy.''
Neonatal gut microbiome dysbiosis might promote the
CD4+ T cell dysfunction associated with childhood
atopy.'' The onset of this mechanism might well be
before birth.'"?
Bacteroidaceae, Clostridiaceae, and Enterobacteriaceae

A greater relative abundance of
and a lower relative concentration of Bifidobacteriaceae
and Lactobacillaceae is associated with the development
of allergic sensitization, eczema, or asthma.''® In light of
this, modulation of the GI microbiome is a potential
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preventive and therapeutic target in infants with CMA.'*
The GI microbiota synthesize bacterial metabolites, link-
ing the microbiome, nutrition and the immune system.
The main metabolites produced by gut microbiome are
short-chain fatty acids (SCFAs). SCFAs have multiple
beneficial effects on human health including protective
effects in autoimmune and inflammatory diseases.''®
Among SCFAs, butyrate is essential for maintaining gut
immune homeostasis and exerts a pivotal role in immune
tolerance with strong anti-inflammatory effects in allergic
diseases.''” Recent findings suggest that butyrate takes
part in the development of immunological tolerance to
food, especially in the first 1000 days of life."”

Modulation of the infant gut microbiota with pre-, pro,
or synbiotics as part of an EHF or AAF or as a supplement
to formulas has been reported to reduce symptoms in
atopic dermatitis and resolve CMA earlier.’ '® The addition
of specific probiotic strains, such as Lactobacillus rham-
nosus GG, was found to enhance the acquisition of oral
tolerance more rapidly in infants with CMA, but further
studies are needed.”®'"”

The presence of lactose in an EHF might be of addi-
tional benefit because of its effect on the composition of
the GI microbiome through its possible prebiotic function.
Lactose decreases stool pH and is associated with an
increase of lactobacilli and bifidobacteria, and a decrease
of potential pathogens in the GI microbiota.'**'*! In addi-
tion, lactobacilli are associated with improved calcium
absorption.'*' Thus, in the absence of secondary lactase
deficiency, which may be a consequence of GI manifesta-
tions of CMA due to brush border damage, an elimination
diet that includes medical grade lactose, that is not con-
taminated with cow’s milk protein, may have a positive
impact on the composition of the GI microbiome.

Other factors, such as the attendance to kindergarten
and the presence of siblings may increase the risk of
doctor-diagnosed lower respiratory tract infections in the
first year of life in allergy-prone children.'*? Secondary
outcomes of randomized controlled trials (RCTs) suggest
a decreasing trend in hospitalizations, infections and anti-
biotics and concurrent medication use in CMA-infants on
an elimination diet containing pre-, and/or probiotics com-
pared to those who were given an elimination diet without
‘biotics’.!?>124 However, none of these studies had one of
these outcomes as primary endpoint. Nonetheless, studies
were underpowered for these outcomes, which were often
post-hoc analyses. To date, guidelines do not make specific
recommendations on the use of probiotics and prebiotics in

the management of CMA because of a lack of conclusive
evidence.'”® The World Allergy Organization (WAO)
guidelines considered that the modulation of the immune
system using functional foods offers a promising research
hypothesis as part of efforts to induce a tolerogenic
immune environment in the context of CMA.'*>

In summary: there are currently no guideline recom-
mendations for the use of “biotics” (pro-, pre-, syn- or
postbiotics) for the prevention or treatment of CMA.
However, there is evidence from basic and animal research
that a high bifidogenic GI microbiome has health promot-
ing effects as it decreases the risk for infections and
stimulates the development of a balanced immune system,
possibly reducing inflammation and allergy. Most clinical
data in infants fail to demonstrate an additional beneficial
effect of “biotics” added to the therapeutic elimination
diet. humble that
a bifidogenic rich GI microbiota is skewing a balanced

However, there is evidence
development of the immune system in all infants.
Moreover, secondary outcomes of studies in presumed
healthy and allergic infants suggest a decrease of infec-
tious disease and antibiotic prescriptions. Therefore, the
addition of “biotics” to a therapeutic hypo-allergenic diet
in CMA infants can be recommended, even if there is no

clear benefit regarding the efficacy of the elimination diet.

Oral Immunotherapy
Food oral immunotherapy (OIT) is a promising treatment
for persistent and severe food allergies (FA) in children
and for accelerating tolerance.'”® OIT consists in daily
ingestion of increasing doses of the allergen during the up-
dosing phase, and ingestion of a constant dose during the
maintenance phase based on specific tailored protocols.'*
Indications and safety of oral immunotherapy (OIT) in
infants and children with CMA are debated. Some centers
recommend OIT in infants with IgE-mediated CMA under
the age of one year.'?”'*® OIT is limited to patients with
IgE-mediated CMA and it is the method of choice of
prevention from anaphylaxis and severe accidental expo-
sure. Introducing baked milk products into the diet of
patients with milk allergy can accelerate the tolerance of
unheated milk in these patients.'*” The role of sIgE levels
of milk, casein, and beta-lactoglobulin is controversial as
some authors conclude that these did not predict the toler-
ance of unheated milk, while others came to opposite
conclusions.'?*"'*® The high percentage of patients able
to tolerate baked goods enables an improvement in intake
possibilities and quality of life of CMA patients and
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families."*® Some authors even suggest that yoghurt is
tolerated in infants with CMA."*!

While some authors report almost absence of adverse
effects, other report these are frequent, notably aversion to
the allergen and oral syndromes as well as systemic aller-
gic symptoms.'?*'*® EoE develops in 5.3% of children
during OIT for CMA was reported.'*®

In summary, OIT in children with severe and persistent
CMA deserves consideration, but at this time this
approach should be reserved to selected patients and spe-
cialized centers. More evidence is needed before introdu-
cing OIT in infants in an Office-Based Practice, under the
watchful eye of an health care provider.

Long Term

Long-term management of all food allergies requires edu-
cation and risk assessment in addition to elimination diets.
Health care providers need to make patients, their families,
close relatives, and caregivers be aware of risk situations
and instruct in reading labels and how to avoid cow’s milk
both in and outside the home. Patients at risk of anaphy-
laxis need to be taught to prescribe and use adrenaline
auto-injectors.

While IgE determination has no place in the diagnosis
of CMA in non-IgE mediated allergy, the level of IgE
increase does have predictive value regarding the devel-
opment of tolerance: the higher the IgE level, the greater
the risk that CMA will persist.'*> Challenge is recom-
mended after 6-9 months of a therapeutic elimination
diet or when the infant reaches the age of one year (what-
ever of both is reached first, independent of the type of
allergy, with the exception of anaphylaxis).”*** However,
there is no global standardized recommended protocol on
how to perform a challenge. Although, scientifically,
a double-blind placebo- controlled challenge is definitely
the best option, it is difficult to perform and costly.
Therefore, an open challenge is used particularly in
infants. While some protocols adhere to a steadily increas-
ing allergens by small volumes over a couple of hours,****
others, such as the iMAP guidelines recommended only
for non-IgE mediated CMA a ladder approach starting
with baked milk and stepping up in volume and processing
of cow’s milk protein over days and weeks, and also
gradually change the structure of the protein source.'*
The reality is that many parents refuse a properly per-
formed challenge test because of its complexity and
because of the fear of reappearance of symptoms in their
children. In a randomized comparative trial where both

parents signed an informed consent to perform
a challenge test, 23% refused.'*® The older the child
becomes, the less “milk™ is an essential part of the dietary
intake.

Conclusion

Breast milk remains the gold standard source of nutrition
in all children, including those with CMA. Guidelines
recommend CMP-eHF as first choice management in
infants with mild to moderate CMA. AAFs are indicated
when there is severe CMA, such as in the presence of
anaphylaxis or failure to thrive or in cases not responding
to EHFs. As some infants with CMA will not tolerate EHF,
AAF as well as RHFs have been recently proposed to be
used during the diagnostic elimination diet period before
the challenge. Today, no guideline recommends the addi-
tion of “biotics” to the elimination diet. However, increas-
ing evidence indicates that the gastrointestinal microbiome
is important for infant health and an altered microbiota
may influence the development of allergy and possible
acquisition of tolerance. Therefore, the supplementation
of all infant artificial feedings, including therapeutic elim-
ination diets, with different components such as probiotics,
prebiotics, lactose and others that stimulate the develop-
ment of a bifidogenic rich microbiome should be consid-
ered in the future.
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