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Abstract
Cow’s milk allergy (CMA) is one of the most frequent food allergies in childhood Acce.pted Date: Aug 11, 2015
with an estimated prevalence of 2% in infants. As observed in the natural course of Published Date: Aug 14, 2015

this disease, CMA has a good prognosis and more than half of the children reach

the tolerance before school age. Otherwise, many different factors can modulate the

natural history of CMA. Clinical and laboratory data suggest that many endotypes

and phenotypes can be individuated with different evolutions towards tolerance. For

these reasons physicians need to identify these different patterns to better choose the Citation: Ricci, G. Cow’s Milk Allergy:
therapeutic pathway for each patient. Another aspect is represented by the develop- Management and Prevention.(2015) J
ing strategies of primary prevention of CMA, such as dietary interventions both in Food Nutr Sci 2(2): 92-97.

the mother (during pregnancy and/ or lactation), and, in absence of breast milk, also

in high risk infants, through the use of extensive or partial hydrolyzed milk formula.

Nevertheless many studies have been carried out, up today the available data are still

conflicting and more robust results should be reported. The aim of this review article

is to give practical advices in the diagnosis, management and prevention of CMA DOI: 10.15436/2377-0619.15.013

in childhood, according to the most recent guidelines and consensus documents.

Introduction

The aim of this paper is to give some synthetic and practical advices in the management of cow’s milk allergy (CMA) in
children after a complete and extensive revision of the different items involving this disease reported in the most recent guidelines
and consensus documents. Moreover some new data published just in these days on prevention will be described in summary.

Epidemiology

CMA is one of the most frequent food allergies (FA) in infants and children; its prevalence varies according to different
studies, since there are conflicting data between symptoms reported by patients and the diagnosis of FA made through an oral food
challenge (OFC). Moreover, the frequencies of FA varies in the different age groups, but overall is also different according to the
assessment methods used. The pooled age-stratified prevalence of CMA has been recently reviewed and reported in the guidelines
of the European Academy of Allergy and Clinical Immunology (EAACI)!M. These data are summarized in Table 1, according to
the different assessment methods: self-reported diagnosis, presence of specific IgE (sIgE) against CMA, presence of a positive skin
prick test (SPT) and response of OFC. Anyway, these data show that the prevalence of CMA confirmed by an OFC with CMA is
about 2% in infants.
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Tablel: The estimated pooled prevalence of cow’s milk allergy in studies
published in Europe between January 2000 and September 2012, modified
from the most recent guidelines of the European Academy of Allergy and
Clinical Immunology!".

Self reported | IgE positive | Skin  prick | Oral food
test positive | Challenge

0-1 years 4.2 1.6 2

2-5 years 3.75 6.8 0.35
6-17 years 1.37 2.1 0.15
>18 2.14 0.33 0.21
all 2.28 4.6 0.33 0.61

The Natural History

The natural history of milk allergy is generally en-
couraging, with the greater part of children achieving tolerance
during childhood. In a previous study by Host and Halken™ the
percentage of children who recovered from CMA at 3 years of
age was 87%. Less optimistic data where reported by Saarinen
et al®: only 74% of patients achieve tolerance at 5 years in
IgE-mediated CMA and 85% at 8/9 years. Data from patients
referred to specialist clinics are still less comfortable: Skripack
found that only 19% of patients at 4 years and 52% at 10 years
had undergone CMA. Also Vantoet al®™ observed a slower trend
in achieving tolerance and a higher percentage of children with
disease persisting till adolescence and even adulthood.

In a recent observational study!®, out of 512 infants en-
rolled from 3 to 15 months of age, 244 had a diagnosis of CMA
at baseline. At the last follow-up visit (median age 66 months)
only 54% of these children had undergone CMA, but there was
statistically significant difference if the baseline sIgE level to
CM was <2 kUA/L or > 10 kUA/L. In the first case the toler-
ance was reached in about 72% of children, in the second only
in 23% of them. A similar trend was also observed evaluating a
SPT (Skin Prick Test) wheal diameter <5 mm of or > 10 mm. An
interesting trend was shown in children with coexistent atopic
dermatitis (AD): CMA was resolved in 81% of patients without
AD, instead in presence of a mild form in about 65% of cases,
while severe forms of AD showed a recovery only in 46% of
cases. These data suggest that not only the level of allergic sensi-
tization affects the course of this disease, but also the presence of
AD significantly influence its evolution. Indeed, different endo-
types and phenotypes drive the natural course of CMA and these
specific characteristics are determinants to give a prognosis to
patients and their families.

Diagnosis of Cow Milk Allergy (CMA)
The Allergenic Proteins

To understand the diagnostic tools nowadays available
for the diagnosis of CMA, it is important to recall some bio-
chemical characteristics of the milk proteins. CM is composed
of about 20 proteins, but only three of them are the major al-
lergens implicated in the clinical manifestations of the disease:
a-lactalbumin (ALA), B-lactoglobulin (BLG) and casein!’*l. The
main characteristics of these proteins are shown in Table 2. It is
important to underline that ALA, BLG are heat-sensitive, even
in different grades, while caseins are stable to heat.
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Table 2: Main biochemical and immunological characteristics of cow’s
milk allergens, modified from Hochwallner!”! and the allergome database!®!

. Allergen | Conc | Biological No.of
Protein . aa/mole-
name (g/L) | function
cule

Whey | a-lactalbu- .

(20%) | min Bosd4 | 1-1.5 albumin 123
b-.lactoglob- BosdS | 3-4 globuhps 162
ulin lipocalins
Bovin serum | g 46 | 0.1-0.4 | albumin 582
albumin
Immur}o- Bosd7 | 0.6-1 1mmunoglob-
globulins ulins
Lactoferrin 0.09 703

Whole

casein | caseins Bosd 8 casein

(80%)
aSl-casein | Bosd9 | 12-15 199

important role

in the capac-
aS2-casein | Bosd 10 | 3-4 ity of milk to 207

transport calci-

um phosphate
B-Casein Bosd 11 | 9-11 209
k-Casein Bosd 12 | 3-4 169

The Gold Standard Method

As for all the allergic conditions, the cornerstone of the
diagnosis is the demonstration of a clear relationship between
clinical symptoms and the presence of sIgE against the impli-
cated allergen. In practice, a diagnosis of CMA should be per-
formed after an elimination diet followed after 2-3 weeks by an
OFC which is the gold standard method. Physicians should use
this method not only in experimental studies but also in clinical
practice. However, in many worldwide countries performing an
OFC is impossible for practical reasons, first of all to costs. The
DRACMA (Diagnosis and Rationale for Action against Cow’s
Milk Allergy) guidelines aimed to facilitate the diagnosis of
CMA with a reproducible flow-chart, identifying the cut-off val-
ues for both SPT and sIgE to CM with the higher negative and
positive predictive values for OFC. However this approach does
not replace the OFC that remain the best diagnostic option to be
performed whenever available. In future the test should be per-
formed, in the “grey zone”, when the predictive values are in the
middle ranges and not useful as diagnostic tools. The DRACMA
guidelines, using the GRADE method, identified as the lower
cut-off values a wheal diameter of the SPT of 3 mm and sIgE
to CM of 0.35 IU/L (CAP-RAST or FEIA method). Under these
values a diagnosis of CMA is unlikely, and the OFC is not nec-
essary. On the other hand, when the wheal diameter of the SPT
is greater than 12 mm and /or sIgE to CM (CAP-RAST or FEIA
method) is greater than 10 KU/L the probability to have CMA
is very high and the OFC might be omitted. These guidelines
aid the physician to select patients who really need to perform
an OFC, and probably also to avoid elimination diets when not
strictly necessary.

Another possible tool useful to foresee the outcome of
an OFC could be represented by the so-called end-point prick
test (EPT). This technique is the same of a SPT, employing dif-
ferent and progressive dilutions of fresh milk. In a previous paper
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by our group involving children with previous or current CMA
evaluated with OFC!'%, we have observed that the positive result
of the EPT over the dilution of 1:100.000 has a positive predic-
tive value of 100% with all children with this feature showing
a positive OFC. Indeed, this test could be useful to avoid OFC
in selected patients at higher risk to develop severe reactions
during OFC. We also found that 95% of children with skin pos-
itivity up to the dilution of 1:1000 were tolerant. Interestingly,
we observed that children who achieved the oral tolerance used
to maintain SPT reactivity for many months.EPT is a safe and
cheap test, easy to perform and without risk of adverse reac-
tions and could be useful to identify children with a lower risk
of reactions and to help physicians in the decision to perform
or postpone an OFC. Moreover, it could be a valid approach to
improve the use of the SPT in the diagnosis of FA and is more
useful than SPT alone, especially for children in the first year of
life, because it is less influenced by the operator.

Now a days, another available diagnostic tool is sup-
plied by the advancements in the field of molecular allergology
with the so-called of component resolved diagnosis (CRD). With
this diagnostic assay is possible to individuate which allergenic
component (protein epitope present in a food) is the elicitor of a
sIgE response. Considering the different physical and biochem-
ical characteristics of ALG, BLG and caseins, this test allow to
individuate further different phenotypes of children with CMA.
The presence of sIgE against only BLG (heat labile protein) is a
favorable condition since children may tolerate heated milk. On
the other hand, the presence of sIgE against caseins is a negative
prognostic factor since casein-sensitized children have a high
probability to have symptoms after ingestion of CM. For these
reasons component sIgE is an available prognostic tool used to
perform before OFC.

Further more, a recent paper have shown that children
with CMA may have different clinical problems depending on
their tolerance to heated and unheated milk!"!, Kim et al., in-
vestigating the tolerance rate to baked milk (inside a muffin),
baked cheese (pizza) and unheated milk in 88 children with
CMA, found that subjects who were initially tolerant to baked
milk were almost 28 times more likely to become tolerant even
to unheated milk compared with baked milk-reactive subjects (P
<0.001). Moreover, subjects who used to incorporate in their diet
baked milk-based foods were 16 times more likely to become un-
heated milk tolerant than the comparison group (P<.001). These
clinical data were supported by the laboratory finding that ca-
sein IgG4 levels significantly increase in the baked milk-tolerant
group (P<.001), while CM sIgE values did not change signifi-
cantly, suggesting that the change in IgG4 production could be a
marker for tolerance acquisition. Therefore, tolerance to baked
milk could be considered as a marker of transient [gE-mediated
cow’s milk allergy, whereas reactivity to baked milk identified a
more persistent phenotype. These results are important because
reinforce the data that in children with CMA is important to per-
form OFC also with heated milk because the implementation
with baked milk based foods to the diet seems to accelerate the
development of tolerance to unheated milk if compared with a
strict avoidance regimen.

Management
As observed in the natural course of the disease, CMA
have a good prognosis and more than half of the children reach
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the tolerance before school age. This condition could induce
physicians to have a waiting approach until this age, maintain-
ing an avoidance diet and evaluating the tolerance status of the
child every year with an OFC (also with heated milk). After this
age the “waiting attitude” may be replaced by oral immunother-
apy (OIT). One of the first attempt to desensitize children with
severe IgE-mediated CMA was performed by Meglio et al. in
a period of 6 months by introducing increasing daily doses of
CMU!, These results encouraged other studies, such as those
carried out by Longo et al. who evaluated children with severe
CMAI In this study 36% of the treated children were able to
ingest CM and dairy products after 1 year of OIT, with signifi-
cant difference respect the control group (P<.001); another 50%
of children didn’t achieve the tolerance but became able to in-
gest considerably higher amounts of CM than the control group.
Successively, further studies were performed and a recent sys-
tematic review and meta-analysist'"! evaluated the randomized
controlled trials performed on the efficacy of OIT in patients
with CMA. Up today, although some data are encouraging, local
adverse side effects as well as systemic and potentially severe
and life threatening reactions during the course of OIT are still
common. The available studies suggest that in children with
CMA the OIT increases the probability of achieving tolerance
compared to elimination diet alone, but this procedure should
be considered still now a research procedure, and not to be ap-
plied in the clinical set as a routine treatment; probably only high
specialized centers with an expert staff and adequate equipment
should carry on this procedure with defined clinical protocols
approved by the local ethical committee.

Prevention

The efforts to prevent the development of allergic dis-
ease has been carried on in many studies, through dietary inter-
ventions both in the mother (during pregnancy and/ or lactation),
and, in absence of breast milk, also in the infant using special
formula and then modulating the timing of introduction of com-
plementary foods. Up today, many data are available but often
conflicting (references?). Recent guidelines have tried to give,
when possible, clear indications about the advices to suggest to
those families considered at “high risk” to have an allergic child.

Pregnancy

The hypothesis that some allergens can traverse the
placental barrier and then passover from the mother to the fetus
has been suggested, favoring some studies on maternal dietary
antigen avoidance during pregnancy. Most of these studies have
been recently reviewed on a Cochrane metanalysis published on
2012 that did not find a protective effect of maternal antigen
avoidance on the incidence of atopic diseases in children!’l. On
the contrary, authors postulated that a restricted diet during preg-
nancy could have negative aspects. On the one hand, maternal
avoidance diet was associated with a slightly but statistically
significant minor mean gestational weight gain, a higher (not
significant) risk of preterm birth and a decrease in mean birth-
weight.

On the other hand a recent paper shows that higher ma-
ternal intake of peanut, milk, and wheat during early pregnancy
was associated with reduced odds of allergy and asthma in child-
hood!®l.

Also the maternal vitamin D status evaluated at birth in
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the cord blood seems to influence the atopic condition, even if
with contrasting results. A recent study reported that lower cord
blood vitamin D levels were associated with infantile eczema
but not with allergen sensitization!'”). The Prediction of Allergies
in Taiwanese Children (PATCH) study'®! has tried to demon-
strate the linkage among cord blood vitamin D levels, allergen
sensitizations, and the development of atopic diseases. A total of
186 children were followed up for four years. The mean levels
of cord blood 25 (OH) Vitamin D was 23.8 ng/mL with a high
prevalence of low vitamin D status (< 20 ng/mL) at birth (42%).
Cord blood 25 (OH) Vitamin D levels were not associated with
the risk of atopic dermatitis and allergic rhinitis during child-
hood. In contrast, cord blood 25 (OH) Vitamin D levels were
inversely associated with the risk of milk sensitization at age
2 (odds ratio 2.41; P = 0.033). Although there was no associa-
tion between cord blood 25 (OH) Vitamin D condition with mite
sensitization, children with a low cord blood vitamin D status
appeared to have a relatively higher prevalence of mite sensiti-
zation and a significant association with asthma by the age of 4
years.

Moreover, in an epidemiological study!” higher ma-
ternal intake of total dairy products, cheese, yogurt, and calcium
during pregnancy may reduce respectively the risk of infantile
eczema, physician-diagnosed asthma and, while higher maternal
intake of vitamin D during pregnancy may increase the risk of
infantile eczema.

Another approach to prevent the appearance of allergic
diseases inhigh risk pregnancy is to interfere with the immune
system. In the antenatal period there are complex interactions
between genes and the environment: epigenetics modifications
that may modulate allergic sensitization in infancy and subse-
quently the development of allergic diseases. The fetal immune
system may be exposed to early sensitizations that are provided
by infections, environmental tobacco smoke, pollutants via the
mother. The addition to the mother’s diet of nutrients in partic-
ular of micronutrients such as prebiotics, vitamins, fatty acids
and antioxidants could have an immune-modulatory effect and
counteract the sensitization.

Few studies with omega 3 polyunsaturated fatty acid
supplements in pregnancy have shown a reduction of children
affected by allergic symptoms (food allergy) or in symptom se-
verity (atopic dermatitis)/°!,

Two randomized controlled trials suggested that fish
oil supplementation seems to reduce sensitization to egg!?!2),
although there was no supporting data on the prevention of food
allergy™®. In pregnant women with asthma an antioxidant-rich
diet (that is, increased consumption of foods containing antiox-
idants as vegetables, fruit, whole grain), will lead to a reduced
risk of low birth weight, growth failure, preterm delivery, and
preeclampsia, by an improvement in asthma control; this will
also potentially reduce the risk for atopic disease in childhood*..

Lactation

It has been described the possibility that mothers may
accidentally sensitize children through breast milk but, two
low-quality non randomized assessment studies found that ma-
ternal dietary avoidance during breastfeeding may not prevent
food allergies in high-risk infants?2!,

One review identified many studies suggestive of a
benefit from exclusive and non exclusive breast feeding?”; in
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contrast, two cohort studies recommended that extended exclu-
sive breast feeding may increase the chance of sensitization or
food allergy in infants at high risk?%),

In summary there is insufficient support that breast
feeding has an impact on preventing food allergies in high-risk
infants. Breast milk however has many other benefits and re-
mains the gold reference in normal and high risk infants. More-
over recent finding have observed another immune-modulator
activity of the breast milk: a possible transfer of exosomal micro
RNA-155, which is important for the development of the im-
mune system and controls pivotal target genes involved in the
regulation of FoxP3+ and for the modulation the switch from
Th2 to Th1 cytokine profile in the infant*°l.

Infancy

The possibility to prevent allergic diseases is oriented
only to subjects with high risk conditions (i.e. with one or both
parents and/or an older sibling with clear allergic manifestations
such as atopic eczema/dermatitis, food allergy, allergic asthma,
rhinitis. For these high riskinfants systematic reviews suggest
that, in case of breast milk lacking during the first six months
of life, an extensively hydrolyzed whey or casein formula may
have a protective effect?’*!! compared with standard CM for-
mula. Also partially hydrolyzed infant formula appears to have
a protective action®>*, In contrast, no specific advices are ad-
dressed to infants without risk factors!l. On the other hand, the
trials with soy-based formulas do not give encouraging results
on the protective effect against food allergies compared with
CM formula or other alternative products?4l.

Despite of this, data are still conflicting above all con-
cerning of the definition of target population who should be
addressed with such preventive strategies. While almost all the
guidelines on primary allergy prevention use to define as a “high
risk infant” a child with one or both parents or a sibling with
a documented allergic condition, this definition is still argued,
since it seems to be widely inclusive and not taking into account
the different grades of risk of each patients (e.g. the risk of a
child with a only one parent with allergic rhinitis is not equiva-
lent to one with a family history of multiple and severe allergic
conditions)®. The evidence of efficacy of the main primary al-
lergy prevention strategies according to the most recent interna-
tional guidelines is summarized in Table 3013537,

Table 3: Evidence of efficacy of the main primary allergy prevention strat-
egies according to the most recent International guidelines.

95

Intervention Recommendation
EAACI! | AAPBY CPpsBdl ASCIAF
Maternal | Dietary | No signifi- | Evidence to | Exclusion
avoidance | restriction | cant benefit | support ma- | of allergenic
(pregnancy | are  not | to the chil- | ternal dietary | foods from the
and/or lacta- | recom- | dren with | restrictions is | maternal diet
tion) mended maternal | contradictory | has not been
avoidance | and insuffi- | shown to pre-
cient vent
Exclusive | YES YES YES YES
breast-feed-
ing (for
at least 4
months
and up to 6
months)
IntJ Food Nutr Sci | Volume 2: Issue 2
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Selection
of Infant
formula (in
case of lack-
ing of breast
milk)
-No risk | Standard | Evidence is
child formula not conclu-
sive to sup-
port the use
of a special
formula
-High risk | Should| A hy- | There is lim- | Hydrolyzed
child receive | drolyzed | ited evidence | formula may
hypoal-|formula|to suggest | reduce the risk
lergenic |appears | hydrolyzed | of allergic dis-
formula | to offerad- | formul a | ease
with doc- | vantages |in the 4-6 |In  Australia
umented | eHF may | months; eHF | only pHF are
preven- | be slightly | of casein is | recommended
tive ef- | more ben- | more likely | for allergy pre-
fect for | eficial than | to be effec- | vention;eHF
the first 4 | pHF,  but | tive than pHF | are  available
months data are in- | of whey on prescription
conclusive for treatment
of CMA
-Soy No evi- | No advan- Not  recom-
dence to | tage mended
support

AAP: American Academy of Pediatrics; ASCIA: Australasian Society of
Clinical Immunology and Allergy; CMA: cow’s milk allergy; CPS: Canadi-
an Pediatric Society; eHF: extensive idrolyzed milk formula; EAACI: Euro-
pean Academy of Allergy and Clinical Immunology; pHF: partial idrolyzed
milk formula.

Other Possible Interventions: Dietary Supplements

Specific non-digestible oligosaccharides (e.g. short-
chain galacto-(scGOS) and long-chain fructo-(IcFOS) oligosac-
charides), also known as prebiotics, exhibit some useful function
of neutral oligosaccharides in human milk to modulate the im-
mune system. Since also human milk contains acidic oligosac-
charides, pectin-derived acidic oligosaccharides (pAOS) may be
added to these neutral oligosaccharides to come close to the ra-
tios found in human milkP®. A systematic review found lacking
evidence in the use of prebiotics in infant formula®’. However in
mice experimental model with CMA, a dietary intervention with
a mixtures of scGOS and IcFOS alone or in addition to pAOS
seems to prevent or treat CMA allergy®®®. Interestingly only the
mixtures shows this benefit of reducing CMA symptoms, but not
its single components alone. Both mixtures increased the num-
ber of functional regulatory T cells (Treg) Foxp3+ cells in the
intestinal lamina propria of whey-sensitized mice, and selective-
ly down-regulated Th2 and Th17 activation in the middle part of
the small intestine. Oligosaccharides seem positively influence
colonization of the gut with beneficial microbes such as bifido-
bacteria and lactobacilli in humans and mice, and have impact
on the gut-associated lymphoid tissue and the systemic immune
system.

Also systematic reviews on the use of probiotics found
no evidence of preventive efficacy, perhaps probably due to the
different strain studied that may have different properties !,

New perspective may arise from animal models: in
mice experimental model protein fragments obtained by tryptic
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hydrolysis of B-lactoglobulin reduces the allergenic response of
B-lactoglobulin®? and is associated with enhanced number of
Foxp3+ regulatory T-cells in the mesenteric lymph nodes.

Recently it has also been found that combining a previ-
ous exposure to specific peptides of BLG with a diet containing
a mixtures of scGOS, IcFOS and pAOS enhances the effect that
involve regulatory and dendritic T cells®?.

Conclusions

In conclusion, understanding the mechanisms under-
lying the pathogenesis of CMA has shown that many different
factors can modulate the development of CMA; clinical and lab-
oratory data suggest that many endotypes and phenotypes can
be individuated with different evolutions towards tolerance. We
need to identify these patterns in each child with CMA to better
choose the therapeutic pathway together with the parents. The
prevention of allergic diseases, in high risk infants (before 6
months of age) and when breast milk is lacking, may be obtained
through the use extensive or partial Hydrolyzed milk formula,
even if more robust data should be reported.

Conflict of Interest: Author declare no conflicts of interest.
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