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Παιδοαλλεργιολογική - Παιδοπνευμονολογική Μονάδα ΙΑΣΩ ΠΑΙΔΩΝ

Πώς θα επιλέξω το κατάλληλο γάλα στο 
παιδί με αλλεργία στο γάλα;



• Τα περιστατικά τροφικής αλλεργίας αυξάνονται (έως και 10% του πληθυσμού)


• Το γάλα αγελάδας αποτελεί το συχνότερο αίτιο στην παιδική ηλικία (1,9-4,9%)


• Η ηλικία των παιδιών με αλλεργία στο γάλα (ΑΓΑ) είναι συνήθως < 1-2 ετών 

• Φαινοτυπική ετερογένεια                                                                  
(παθοφυσιολογικός μηχανισμός, προφίλ ευαισθητοποίησης, περιβάλλον)


• Διαχείριση παιδιού με ΑΓΑ: εξατομικευμένη προσέγγιση


• Υπερδιάγνωση ΑΓΑ: καθημερινό πρόβλημα 



and pores regulating the paracellular passage of ions and molecules.4

Further toward the basolateral side of the IECs, the paracellular trans-
port is limited by adherent junctions, desmosomes, and gap junctions
(Fig 1A).4

The epithelial TJ is a multi-protein complex that forms a selec-
tively permeable seal between adjacent epithelial cells and creates
the boundary between apical and basolateral membrane domains.4

The TJs maintain the intestinal barrier while regulating permeabil-
ity of ions, nutrients, and water.5 Four integral transmembrane
proteins, occludin, claudins, junctional adhesion molecule (JAM),
and tricellulin, have been characterized and the intracellular domains
of these transmembrane proteins are linked to cytosolic scaffold pro-
teins, such as zonula occludens (ZO) proteins. The ZO proteins
interact with the actin cytoskeleton, being crucial for maintaining
the TJs’ structure and for modulating barrier integrity (Fig 1B).5

The dynamic part of the intestinal barrier is composed of the
luminal microbiota and mucus as well as epithelial and immune

cell products secreted into the lumen (Fig 2). The intestinal
microbiota is involved in metabolic, nutritional, and immunologi-
cal processes in the human body. By extracting energy from
indigestible dietary polysaccharides such as resistant starch and
dietary fibers, gut commensals exert essential metabolic activi-
ties. Furthermore, the intestinal microbiota participates in the
defense against harmful pathogens by different mechanisms such
as colonization resistance and production of antimicrobial com-
pounds. Additionally, the intestinal microbiota is involved in the
development, maturation, and maintenance of the gastrointesti-
nal sensory and motoric functions.6

Of interest, IECs act as frontline sensors for epithelial contact with
microbes and are able to convert bacteria-derived signals into an-
timicrobial and immune-regulatory responses. The IECs express
pattern-recognition receptors for direct interaction with the mi-
crobial environment, enabling them to participate in a specific
mucosal immune response. The expression of toll-like receptors,

Figure 1. Composition of the paracellular multiprotein complex essential for formation of a tight epithelial barrier by adjacent intestinal epithelial cells. Together with
adherent junctions, desmosomes, and gap junctions, tight junctions found on the apical part of intestinal epithelial cells limit the paracellular passage of ions, electrolytes,
and macromolecule (A). Tight junctions are composed of integral proteins such as claudin (red) and occludins (purple), which are attached to the cytosolic scaffold pro-
teins’ zonula occludens. Zonula occludens proteins (ZO-1, ZO-2) anchor tight junction proteins to the actin cytoskeleton. The junctional adhesion molecules (JAM) furthermore
regulate tight junction protein interactions (B).

Figure 2. Structure of the intestinal barrier. The multiple layers of the intestinal epithelial barrier are responsible for spatial segregation of antigens and pathogens from
intestinal epithelial cells and immune induction sites. On the luminal side, commensal bacteria, antimicrobial products such as α-defensins, and secretory immunoglobu-
lin A antibodies as well as the mucus layer limit interaction of pathogens with epithelial cells. Under healthy conditions, intestinal epithelial cells form a tight monolayer,
allowing only selective permeability. Below the epithelial layer, the mucosal immune system contributes to the epithelial barrier function.
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Key Messages

• Selective intestinal epithelial permeability is essential for uptake of water and nutrients and contributes to oral tolerance development.

• Altered intestinal epithelial barrier function and composition is observed in food allergy.

• Subepithelial mediators and small intestinal luminal content influence barrier integrity.

• The gastric milieu and physiological function contribute to antigen separation from the immune induction sites.

• A dysfunctional barrier of the entire gastrointestinal tract has an essential contribution to food allergic reactions.
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Introduction

The human gastrointestinal tract is composed of several organs
with a complex cellular and functional structure. The intestinal tract
not only is responsible for the breakdown and absorption of es-
sential nutrients and the uptake of electrolytes and water, but also
represents a crucial component of the body’s defense system against
the external environment.1 With its barrier, the intestinal tissue con-
tributes to the first defense line in the human body composed of
a static epithelial and dynamic luminal and subepithelial layer. Even
though being found inside the body, the intestinal epithelium is the
largest surface to the outside environment and consists of a single
layer of cells composed of diverse cell types covering an enor-
mous surface area. The epithelial surface is organized into crypts,
villi, and folded in countless plicae and microvilli continually being
renewed by pluripotent intestinal epithelial stem cells residing at
the base of the crypt-villus axis. Intestinal epithelial stem cells
mature to various subtypes of intestinal epithelial cells (IECs). Four

essential cell types of the epithelial layer have been defined.1 Besides
absorptive enterocytes and mucus-secreting goblet cells,1 Paneth
cells are specialized for maintaining the bacterial gradient along the
crypt-villus axis by secretion of antimicrobial products such as ly-
sozyme, α-defensins, or cryptdins.2 Additionally, enteroendocrine
cells connect the central nervous system with the enteric neuro-
endocrine system by secretion of hormones regulating digestive
functions.1 On differentiation of intestinal epithelial stem cells to
enterocytes, the intercellular seals of the epithelial layer such as tight
junctions (TJs) and adherent junctions are formed.1

Because of the high number of immune cells residing under-
neath IECs, the small intestine is considered the main organ in oral
tolerance development and also in food allergy induction.3 There-
fore, the previously mentioned cells and structures play an important
role not only by influencing epithelial permeability, allowing im-
munologically active dietary compounds to get in contact with
mucosal immune cells, but also by orchestrating the immune re-
sponse associated with food-specific reactions. In this review, we
specifically aim to highlight the role of the gastrointestinal barrier
function in food allergy.

Composition of the Intestinal Epithelial Barrier in Health

The static epithelial barrier is composed by IECs interacting with
each other via a complex multilayer system. On the apical inter-
cellular space of IEC, TJ proteins form complex paracellular barriers
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experimental mouse models, oral gavage of digestion-labile food
allergens together with anti-acids or anti-ulcer medication or even
base powder resulted in formation of allergen-specific IgE anti-
bodies, positive skin tests, drop of core body temperature, and an
enhanced mast cell mediator release, which are both associated with
anaphylactic reactions.24,39,55–58 Moreover, an influx of inflamma-
tory cells into the gastric and intestinal mucosa and a changed
mucosal architecture was detected after food allergy induction in
mice.58,59 In human patients being treated with anti-ulcer medica-
tion because of dyspeptic disorders, a boost or de novo IgE formation
toward regular constituents of the daily diet was detect after 3
months of medication intake.60 Development of hazelnut allergy
could be diagnosed by double-blind placebo-controlled food chal-
lenges in adult patients after gastric acid suppression.57 Also, for
pediatric patients, an impact of drug-induced gastric acid suppres-
sion on food allergy development was reported.61,62 Even during
pregnancy, maternal anti-ulcer drug intake was found to be asso-
ciated with a higher risk for childhood allergy development.63–65

Additionally, in patients with diagnosed food allergies, a function-
al gastric protein digestion is of relevance. A clinical study indicated
significantly changed clinical reactivity toward fish proteins di-
gested by gastric enzymes compared with allergens that remained
undigested.66 Thus, the physiological gastric barrier seems to play
an essential role in food allergy, and a clear correlation of an im-
paired gastric gate-keeping function and food allergy induction and
food adverse reactions was repeatedly reported.53

Conclusion

The reviewed studies combine information from different fields
of clinical and experimental research, with the aim to highlight
current knowledge on the influence of barrier function in food
allergy. Undoubtedly, the question of whether barrier dysfunction
influences food adverse reactions can only be answered by an in-
tegrated approach. Despite numerous mechanistic studies indicating
a paramount influence of the different layers of the intestinal barrier
on oral tolerance development or tolerance breakdown (Table 2),
the different compartments of the entire gastrointestinal tract con-
tribute to the separation of dietary or microbial antigens from
immune induction sites in the gastrointestinal tract. Thus, a con-
stant interaction of the gastrointestinal barrier, the host physiology,
and the gastrointestinal luminal content, such as digestion and
uptake of food compounds and antigen exclusion or selective per-
meability, occurs, which in concert ensure an appropriate immune
response and overall health (Fig 3). Certainly, further studies are
needed to define whether enhanced permeability is cause or con-
sequence of food allergy and to evaluate the interaction of different
layers of the gastrointestinal barrier. Undoubtedly, other factors, such
as, for example, the route of primary allergen exposure and the
genetic background, contribute to food allergy development.

Nevertheless, that the functional integrity of the gastrointestinal
barrier plays an important role in prevention of IgE-mediated re-
actions toward dietary compounds can be clearly stated.
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Table 2
Physiological Features of Gastrointestinal Compartments Contributing to the Separation of Food Protein Antigens From Immune Induction Sites

Location Active layer Functionality

Gastric environment Acidic luminal gastric milieu Protein denaturation
Gastric enzymes Reduction of antigen load by protein digestion
Gastric mucus Segregation of antigens from epithelium
Epithelial layer Tight barrier toward the external environment limiting antigen uptake

Intestinal environment Commensal microbiota Metabolism of nutrients; cross-talk with immune system and delivery of tolerogenic stimuli
Mucus layer Physical barrier, contribution to oral tolerance
Pancreatic and small intestinal

brush-border enzymes
Reduction of antigen load by protein digestion

Secretory products of IECs Immune-stimulating activity
Epithelial layer Selective and balanced barrier for uptake of nutrients and oral tolerance development

Abbreviation: IECs, intestinal epithelial cells.
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Figure 3. Interplay of the gastrointestinal barrier with the luminal content and the
host physiology in food allergy. The different layers of a functional gastrointestinal
barrier as well as the gastrointestinal physiology are in close interaction with the
luminal food and microbiota content to prevent the development of food-adverse
reactions.
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• Aλλεργία: ανοσολογικά μεσολαβούμενη αντίδραση με συμπτώματα που 
εκλύονται κάθε φορά μετά από έκθεση στη συγκεκριμένη πρωτεΐνη κάτω 
από τις ίδιες συνθήκες (ποσότητα και επεξεργασία αλλεργιογόνου, παρουσία 
συμπαραγόντων)
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TABLE 1

Clinical features of food protein allergy

Reactions Mechanism

Cutaneous reactions

Urticaria, acute or chronic (rare)

Angioedema

Contact rash

Atopic dermatitis

IgE and/ or non-IgE mediated

Gastrointestinal reactions

Oral allergy syndrome 

Nausea/vomiting

Abdominal pain

Diarrhea, constipation

IgE and / or  
non-IgE mediated

Respiratory reactions
Allergic eosinophilic gastritis, enteritis & colitis

Protein-losing enteropathy
Non-IgE mediated

Rhinoconjunctivitis

Asthma

Laryngeal edema

IgE and / or 
non-IgE mediated

Other reactions

Anaphylaxis
IgE and / or 

non-IgE mediated

Food dependent exercise induced anaphylaxis
IgE and / or 

non-IgE mediated

Food hypersensitivity (FH)

Immune-mediated
Food allergy (FA)

Non-immune mediated FH

IgE-mediated FA Non-IgE-mediated FA

Figure 1 Food allergy - classification.

Food allergy

IgE & non IgE



Κλινικά σύνδρομα αλλεργίας στο γάλα αγελάδας 

• IgE μεσολαβούμενη  

• κνίδωση —> αναφυλαξία


• non IgE μεσολαβούμενη 

• αλλεργική πρωκτοκολίτιδα 


• εντεροκολίτιδα επαγόμενη από πρωτεΐνη τροφής (FPIES)


• εντεροπάθεια με απώλεια πρωτεΐνης


• Σ. Heiner


• δυσλειτουργία(;) ανώτερου /κατώτερου πεπτικού


• IgE & non IgE 

• ατοπική δερματίτιδα


• ηωσινοφιλική οισοφαγίτιδα
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Διαχείριση παιδιού με αλλεργία στο γάλα 

• Φαινότυπος ευαισθητοποίησης και υποκείμενος μηχανισμός 

• Δίαιτα παιδιού όταν εμφάνισε αντίδραση


• Ολιστική αξιολόγηση συμπτωμάτων και αντικειμενικών ευρημάτων από τα επιμέρους 
συστήματα


• Θηλάζον βρέφος: δίαιτα αποκλεισμού γαλακτοκομικών για τη μητέρα (;) και δίαιτα 
ελεύθερη γαλακτοκομικών για το παιδί.                                                                    
(αξιολόγηση για το επίπεδο ανοχής στο γάλα ανάλογα με την κλινική εικόνα)


• Μη θηλάζον βρέφος: αξιολόγηση αντίδρασης και ανοχής στα γαλακτοκομικά


• αποκλεισμός γαλακτοκομικών και υποαλλεργιογονική formula 


• εκτενούς υδρόλυσης (EHF) ή 


• στοιχειακής σύνθεσης γάλα (AAF)


•  Σε ειδικές περιπτώσεις με ήπιο φαινότυπο μερικής υδρόλυσης formula (PHF) ή και ελεύθερη 
κατανάλωση προΐόντων με ψημένο γάλα  
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Table 1

Allergens in Cow’s Milk 

Protein name Allergen name Molecular 
mass (kDa)

AA # Tertiary structure

Curd (coagulum)-Casein family

Caseins Bos d 8 20-30 Caseins don’t have a 
rigid tertiary structure 
but develop a random 
coil conformation 
stabilized by 
hydrophobic interactions

Alpha 
s1

-casein Bos d 9 23.6 199

Alpha 
s2

-casein Bos d 10 25.2 207

Beta-casein Bos d 11 24 209

Kappa-casein Bos d 12 19 169

Whey (lactoserum)

Alpha-
lactalbumin

Bos d 4 14.2
123; 4 disulphide bridges, 

0  homology with human 
alpha-lactalbumin

Beta-
lactoglobulin
Protein family:
lipocalins

Bos d 5
18.3; 

exists as a 
dimer

162; 2 disulphide bridges, 
one free cysteine; exist as 
isoforms A and B;  binds and 
carries hydrophobic molecules

Bovine serum 
albumin; 
Family: Serum 
albumins

Bos d 6 67 583

Immunoglobulins 
(mostly IgG)
Family: 
Immunoglobulins

Bos d 7 160

Lactoferrin
Family: 
Transferrins

800

703; forms two homologous 
globular domains named 
N-and C-lobes
Lactoferrin exists in various 
polymeric forms: monomers 
to tetramers

source: IUIS Allergen Database, July 2015
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volume by contributing to oncotic pressure of 
plasma. BSA is highly homologous with human serum 
albumin and albumins of other species, e.g. cow 
(beef), cat, and dog. BSA has been identified as one of 
the ma or beef allergens and is responsible for clinical 
cross reactivity between CM and raw beef (1 -1 ).

Immunoglobulins present in CM are predominantly 
of the G class. Immunoglobulins may play a role in 
cross-reactivity with beef (1 ).

Lactoferrin is a multifunctional protein of the 
transferrin family. Lactoferrin is a globular glycoprotein 
with a molecular mass of about 0 kDa that is widely 
represented in various secretory uids, such as milk, 
saliva, tears, and nasal secretions. Lactoferrin is one 
of the transferrin proteins that transfer iron to the 
cells and control the level of free iron in the blood 
and external secretions. Lactoferrin is one of the 
components of the immune system of the body; it 
has antimicrobial activity (bactericide, fungicide) 
and is part of the innate immune defense, mainly at 
mucosal surfaces. In particular, lactoferrin provides 
antibacterial activity to human infants. Lactoferrin 
interacts with DNA and RNA, polysaccharides and 
heparin. Lactoferrin is a minor allergen in CM (9).

SENSITIZATION TO INDIVIDUAL 
MOLECULES AND ITS CLINICAL RELEVANCE

The patterns of sensitization to the individual CM 
proteins vary significantly by study population 
and age of the affected individuals. In general, the 
ma ority of the affected sub ects are polysensitized 
to several casein and whey proteins (1 - 0). Caseins, 
beta-lactoglobulin and alpha-lactalbumin are the 
ma or allergens, with over 0  of CM-allergic 
sub ects having evidence of IgE-antibodies directed 
at these proteins. IgE-sensitization to caseins, beta-
lactoglobulin and alpha-lactalbumin is closely related, 
whereas IgE-sensitization to BSA is independent of 
other CM proteins, and may re ect cross-reactivity 
with beef (14) (Table 2).

Natural history of CMA: Molecular diagnosis may 
be useful for monitoring for natural spontaneous) 
tolerance development in CMA ( 0). In a prospective 
follow up study of  infants, lower serum levels of 
casein-IgE were associated with higher chances of 
resolution of CMA ( 1). In another prospective study 
in which CMA diagnosis was confirmed with DBPCFC 
to CM, children with lower serum levels of specific 

Table 2

Sensitization and cross-reactivity patterns of the CM proteins

Allergen name Allergenicity
Sensitization rate 
% among those 
reactive to CM

Laboratory 
cross-reactivity Clinical cross-reactivity

Curd fraction (coagulum)

Caseins (Bos d 8) Ma or 63

 with sheep 
and goat milk 

caseins

0  with other 
mammalian milks (27)

0  with mare’s 
milk29 and donkey 

milk 30

Alpha s1-casein (Bos d 9) Ma or 98 *

Alpha s2-casein (Bos d 10) Ma or 94 *

Beta-casein (Bos d 11) Ma or 91 *

Kappa-casein (Bos d1 ) Ma or 91 *

Whey fraction (lactoserum)

Alpha-lactalbumin (Bos d 4) Ma or 51

Beta-lactoglobulin (Bos d 5) Ma or 61

Bovine serum albumin (Bos d ) Minor 43 0  with beef 1 - 0  with raw beef

Immunoglobulins (Bos d 7) Minor 36

Lactoferrin Minor 35

* Percentage of those sensitized to casein Bos d 8
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Διαχείριση παιδιού με αλλεργία στο γάλα 

• Φαινότυπος ευαισθητοποίησης και υποκείμενος μηχανισμός


• Δίαιτα παιδιού όταν εμφάνισε αντίδραση


• Ολιστική αξιολόγηση συμπτωμάτων και αντικειμενικών ευρημάτων από τα επιμέρους 
συστήματα


• Θηλάζον βρέφος: δίαιτα αποκλεισμού γαλακτοκομικών για τη μητέρα (;) και δίαιτα 
ελεύθερη γαλακτοκομικών για το παιδί.                                                                   
(αξιολόγηση για το επίπεδο ανοχής στο γάλα ανάλογα με την κλινική εικόνα)


• Μη θηλάζον βρέφος: αξιολόγηση αντίδρασης και ανοχής στα γαλακτοκομικά


• αποκλεισμός γαλακτοκομικών και υποαλλεργιογονική formula 


• εκτενούς υδρόλυσης (EHF) ή 


• στοιχειακής σύνθεσης γάλα (AAF)


•  Σε ειδικές περιπτώσεις με ήπιο φαινότυπο μερικής υδρόλυσης formula (PHF) ή και ελεύθερη 
κατανάλωση προΐόντων με ψημένο γάλα  



Κλινικά σύνδρομα αλλεργίας στο γάλα αγελάδας 

• IgE μεσολαβούμενη  

• κνίδωση —> αναφυλαξία


• Βρέφος θηλάζον με κνίδωση στο ρυζάλευρο


• Βρέφος με τεχνητή διατροφή και κνίδωση στο γάλα σταδιακά επιδεινούμενη


• Βρέφος με μικτή διατροφή με εξάνθημα ατοπικής δερματίτιδας και θετικά αλλεργικά στο γάλα


• Βρέφος με αναφυλαξία στη δοκιμή γαλακτοκομικών    



Triglycerides
Contained in oils and fats, 
triglycerides give rise to  
free fatty acids after their 
breakdown by pancreatic 
lipases. Dietary fats are 
dissolved in micelles by bile 
salts in the upper part of the 
gastrointestinal tract and are 
subsequently taken up by 
enterocytes.

White adipose tissue
A type of adipose tissue that 
specializes in energy storage 
and is most commonly found  
in subcutaneous and visceral 
adipose tissues.

childhood allergy are required to better understand the 
effects of such parameters on the development of asthma 
in the offspring and might lead to new recommendations 
or strategies for the prevention of allergy.

Obesity
Epidemiology. Although obesity is a proven risk factor 
for cardiometabolic diseases, epidemiological studies  
have shown that obese individuals with a body mass 
index (BMI) of ≥30 kg per m2 have a 92% increased risk 
of asthma43. Meta-analysis studies in both adults and chil-
dren have confirmed the causative effect of obesity on the 
development of asthma. In contrast to a single study44, 
a meta-analysis shows no differential effects between 
females and males43. Indeed, bariatric surgery and dietary 
restriction in obese patients with asthma were shown to 
improve bronchial hyperresponsiveness, airway inflamma-
tion and clinical outcomes45. By contrast, a high-fat meal 
was shown to increase airway neutro philia and impair  
bronchodilator recovery in obese patients with asthma46.

Although only some studies have reported a relation-
ship between obesity and allergic rhinitis or food allergy, 
being overweight has been positively associated with the 
risk of developing atopic dermatitis in early childhood47. 
In addition, the severity of atopic dermatitis symptoms 

increases with body weight48. Interestingly, higher mater-
nal BMI is also associated with an increased risk of asthma, 
but not rhinitis, atopic dermatitis or allergen-specific IgE 
production in the offspring49; this suggests that diet has 
crucial in utero effects on the development of asthma.

Mechanisms. Obesity results from dysregulated energy 
homeostasis, when energy expenditure is lower than 
intake. Excessive energy is mainly stored in the form of 
triglycerides in white adipose tissue (WAT). WAT is not 
solely composed of lipid-laden adipocytes, but is an 
immunologically active tissue containing innate and 
adaptive immune cells that reciprocally interact with 
adipo cytes. The characteristics of immune cells (includ-
ing cell type, phenotype, abundance and function) 
dynamically change with the metabolic status of the 
tissue: there is a broadly anti-inflammatory phenotype 
(that is associated with TH2 cells and TReg cells) in WAT 
from lean individuals and a pro-inflammatory pheno-
type (that is associated with TH1 cells and TH17 cells) in 
WAT from obese individuals50.

Interestingly, in addition to the exacerbation of early-
onset (allergic) asthma4,51, obesity can induce asthma in 
adults. Various mechanisms could account for obesity-
induced or obesity-exacerbated asthma. Mechanical 

TGFβ

Nature Reviews | Immunology

Tolerance

TReg cell

DC

Naive CD4+

T cell

MHC
class II

Mouse neonate intestineLumen

TCR

FcRn
IgG

a b

Antigen

Allergenic
peptide

Intestinal 
epithelial cell

Dietary and 
environmental
antigen

Tolerance

Antigen processing
by the maternal
digestive system

Antigen transferred
across the gut barrier

Maternal milk:
• Antigens
• IgA
• Tolerogenic factors
• Gut growth factors
• Microbiota-

influencing factors

Figure 1 | Possible mechanisms of mother-to-child transfer of protection against allergic airway inflammation. 
a u an reast i  contains free ietar  an  en iron enta  antigens  g  to erogenic factors suc  as inter eu in  
transfor ing gro t  factor β β)  actoferrin an  antio i ants  gut gro t  factors suc  as cortiso  t ro ine  
e i er a  gro t  factor an  β) an  icro iota inf uencing factors suc  as re iotics o igosacc ari es an  
glycoconjugates) and casein). These factors can be transferred to the infant during breastfeeding. b | Mouse models show 
t at a ergens can e trans itte  to t e neonate eit er in t eir free for  fro  a non a ergic ot er or in antigen g  
i une co e es fro  an a ergic ot er  ransfer of antigen g  i une co e es t roug  t e intestina  arrier  
of t e neonate re uires t e resence of t e neonata  c rece tor c n  nce in t e intestina  ucosa  i une 
co e es can e ca ture   en ritic ce s s  ic  can su se uent  ri e nai e + ce s to ifferentiate  
into antigen s ecific regu ator   

Reg
 ce s  ree antigens can a so e ca ture   intestina  s  an  t e resence of 

β fro  i  as een s o n in ice to ro ote t e ri ing of nai e ce s into antigen s ecific 
Reg

 cells, thereby 
promoting immune tolerance. Figure adapted with permission from REF. 169  se ier    ce  rece tor

REVIEWS

NATURE REVIEWS | IMMUNOLOGY  VOLUME 15 | MAY 2015 | 311

© 2015 Macmillan Publishers Limited. All rights reserved

nutrients

Review

Review of Infant Feeding: Key Features of Breast
Milk and Infant Formula
Camilia R. Martin 1, Pei-Ra Ling 2 and George L. Blackburn 2,*

1 Department of Neonatology and Division of Translational Research, Beth Israel Deaconess Medical Center,
Harvard Medical School, Boston, MA 02215, USA; cmartin1@bidmc.harvard.edu

2 Department of Surgery, Feihe Nutrition Laboratory, Beth Israel Deaconess Medical Center,
Harvard Medical School, Boston, MA 02215, USA; pling@bidmc.harvard.edu

* Correspondence: gblackbu@bidmc.harvard.edu; Tel.: +617-667-2604; Fax: +617-667-2608

Received: 14 March 2016; Accepted: 26 April 2016; Published: 11 May 2016

Abstract: Mothers’ own milk is the best source of nutrition for nearly all infants. Beyond somatic
growth, breast milk as a biologic fluid has a variety of other benefits, including modulation of
postnatal intestinal function, immune ontogeny, and brain development. Although breastfeeding is
highly recommended, breastfeeding may not always be possible, suitable or solely adequate. Infant
formula is an industrially produced substitute for infant consumption. Infant formula attempts
to mimic the nutritional composition of breast milk as closely as possible, and is based on cow’s
milk or soymilk. A number of alternatives to cow’s milk-based formula also exist. In this article,
we review the nutritional information of breast milk and infant formulas for better understanding of
the importance of breastfeeding and the uses of infant formula from birth to 12 months of age when a
substitute form of nutrition is required.

Keywords: breast milk; infant formula; cow’s milk allergy; cow’s milk alternatives

1. Introduction

Mothers’ own milk is considered to be the best source of infant nutrition [1]. Extensive evidence
has shown that breast milk contains a variety of bioactive agents that modify the function of the
gastrointestinal tract and the immune system, as well as in brain development. Thus, breast milk is
widely recognized as a biological fluid required for optimal infant growth and development. Recently,
studies have further suggested that breast milk mitigates infant programming of late metabolic diseases,
particularly protecting against obesity and type 2 diabetes [2].

The World Health Organization recommends that infants should be exclusively breastfed for
the first six month of life [3]. The American Academy of Pediatrics also recommends breastfeeding
for at least 12 months [4]. Recently, the Academy of Nutrition and Dietetics reaffirms and updates
their mission that exclusive breastfeeding provides optimal nutrition and health protection for the
first six months of life, and that breastfeeding with complementary foods from six months until
at least 12 months of age is the ideal feeding pattern for infants [1]. In addition to its nutritional
advantage, breastfeeding is convenient and inexpensive, and also is a bonding experience for the
mother and infant.

The decision to breastfeed is highly personal and is often influenced by many factors [5]. Under
certain situations, breastfeeding might not be possible, unsuitable or inadequate, which warrants an
interruption or cessation in breastfeeding. Globally, only 38% of infants are exclusively breastfed.
In the United States, only 75% of infants initiate breastfeeding from birth; however, by the age of three
months, 67%, or 2.7 million, of them rely on infant formula for some portion of their nutrition [6].
Among new mothers, the six-month “any breastfeeding” rate for the total U.S. population is 43%,
with only 13% meeting the recommendation to breastfeed exclusively for six months [4].
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IMMUNOMODULATING PROPERTIES OF PROTEIN HYDROLYSATES FOR 
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Κλινικά σύνδρομα αλλεργίας στο γάλα αγελάδας 

• IgE μεσολαβούμενη  

• κνίδωση —> αναφυλαξία


• Βρέφος θηλάζον με κνίδωση στο ρυζάλευρο


• Βρέφος με τεχνητή διατροφή και κνίδωση στο γάλα σταδιακά επιδεινούμενη


• Βρέφος με μικτή διατροφή με εξάνθημα ατοπικής δερματίτιδας και θετικά αλλεργικά στο γάλα


• Βρέφος με αναφυλαξία στη δοκιμή γαλακτοκομικών    



Σοβαρή αλλεργία στο γάλα αγελάδας


• καθυστέρηση στην εγκατάσταση ανοχής 


• δυσκολία διαχείρισης με επιμονή συμπτωμάτων παρά τη δίαιτα 


• βαρύτητα συμπτωμάτων (οξέως ή χρονίως)



 Αναφυλαξία επαγόμενη από αλλεργία στο γάλα 

• σπάνια; (0,8-9%)                                                                  
Fiocchi A et al, Brozek J, Schunemann H, Bahna SL, von BA, Beyer K, et al. World Allergy Organization 
(WAO) Diagnosis and Rationale for Action against Cow’s Milk Allergy (DRACMA) guidelines. Pediatr Allergy 
Immunol 2010;21:1-125.  

• αναφυλαξία σε EHF;                                                              
Sotto D, Tounian P, Baudon JJ, Pauliat S, Challier P, Fontaine JL, et al. Allergy to cow’s milk protein 
hydrolysates: apropos of 8 cases [in French]. Arch Pediatr 1999;6:1279-85. 
Businco L, Cantani A, Longhi MA, Giampietro PG. Anaphylactic reactions to a cow’s milk whey protein 
hydrolysate (Alfa-Re, Nestle) in infants with cow’s milk allergy. Ann Allergy 1989;62:333-5. 

• διαχείριση: έναρξη στοιχειακής formula (AAF)                              
Boyce JA, Assa’ad A, Burks AW, Jones SM, Sampson HA, Wood RA, et al. Guidelines for the diagnosis and 
management of food allergy in the United States: report of the NIAID-sponsored expert panel. J Allergy Clin 
Immunol 2010;126:S1-58.  

                                                           



reaction receive a hospital- based challenge to an EHF. Because
this is not a feasible recommendation for many allergy centers,88

most consensus guidelines have erred on the side of caution and
have recommended AAF as first-line formula in children with
confirmed cow’s milkeinduced anaphylaxis.3,8,9,14

Limitations of current studies investigation of the
use of AAF

There are significant limitations associated with the studies
presented in this review; the most notable is that to date there are

only a few studies that have performed a direct comparison of
AAFs and EHFs and none of them included children with severe
gastrointestinal food allergies, including EoE and FPIES, as well
as set out to compare children on different formulas with mul-
tiple food allergies. In addition, this publication has included
only those studies in which cow’s milk was identified as the main
culprit; many studies however included children with multiple
other food allergies outside of cow’s milk. Although these pub-
lications do give the impression that the change of formula (EHF
to AAF) was the main reason for symptoms improvement, with

TABLE VII. Formulas suggested as first choice by guidelines

Clinical presentation DRACMA3 BSACI Guidelines9 NIAID US Guidelines14 ESPGHAN13,95

Anaphylaxis AAF AAF No specific recommendation AAF
Acute urticaria or

angioedema
EHF EHF No specific recommendation EHF

Atopic eczema/AD EHF EHF No specific recommendation EHF
EoE AAF AAF The NIAID guidelines

acknowledge that trials in
EoE have shown symptom
relief and endoscopic
improvement in almost all
children on AAF/elemental
diet, though no specific
recommendation on
formula choice is made

AAF (as specified by
current ESPGHAN
guidelines on EoE)

Gastroesophageal reflux
disease

EHF EHF No specific recommendation EHF

Cow’s milk proteine
induced enteropathy

EHF EHF unless
severe in which
case AAF

No specific recommendation EHF but AAF if complicated
by faltering growth

FPIES EHF AAF Hypoallergenic formulas are
recommended

EHF

Proctocolitis EHF EHF No specific recommendation EHF
Breast-feeding with ongoing

symptoms (already on
maternal elimination diet)
or requiring a top-up*
formula

No specific
recommendation

AAF No specific recommendation With severe symptoms that
are complicated by growth
faltering, a hypoallergenic
formula up to 2 wk may be
warranted. In many
countries, AAF is used for
diagnostic elimination in
extremely sick exclusively
breast-fed infants.
Although this is not
evidence based, it is aimed
at stabilizing symptoms

DRACMA, Diagnosis and Rational for Action against Cow’s Milk Protein Allergy; NIAID, National Institute of Allergic and Infectious Diseases.
*Top-up formula is where a hypoallergenic formula is required because of insufficient breast milk or the inability to exclusively breast-feed.

TABLE VIII. The overlap in symptoms reported in studies of children who benefited from an AAF over an EHF

Publications Symptoms while breast-fed Severe GI symptoms Growth faltering Multiple allergies AD

Hill et al20 þ þ þ
Sicherer et al45 þ þ
Kaczmarski et al76 þ þ
Isolauri et al6 þ þ þ
de Boissieu and Dupont15 þ þ þ
de Boissieu et al7 þ þ þ
Vanderhoof et al17 þ þ
Lucarelli et al82 þ þ þ

GI, Gastrointestinal.
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When Should Infants with Cow’s Milk Protein
Allergy Use an Amino Acid Formula? A Practical
Guide

Rosan Meyer, PhDa, Marion Groetch, MScb, and Carina Venter, PhDc London, United Kingdom; New York, NY; and

Denver, Colo

Cow’s milk protein allergy (CMPA) is the most common food
allergy in childhood and its prevalence ranges between 1.9% and
4.9%. Most children present with CMPA at age less than 1 year
and therefore may require a hypoallergenic formula in the
absence of breast milk. Hypoallergenic formulas include both
extensively hydrolyzed formula (EHF) and amino acid formula
(AAF). For most children with a CMPA, an EHF will be
sufficient for symptom resolution, as reflected in current
guidelines, but there is a subset of children with CMPA where an
AAF may be indicated. The appropriate use of an AAF is a highly
debated topic, because there is a significant fiscal burden to
either the health care system or the parents. From the literature,
the following themes were identified as possible reasons for
choosing an AAF: (1) symptoms not fully resolved on EHF, (2)
faltering growth/failure to thrive, (3) multiple food eliminations,
(4) severe complex gastrointestinal food allergies, (5)
eosinophilic esophagitis, (6) food proteineinduced enterocolitis
syndrome, (7) severe eczema, and (8) symptoms while breast-
feeding. Each of these themes was critically reviewed using all
available published data and found that using an AAF in height
growth faltering may be indicated. In addition, patients who end
up on an AAF often present with multisystem involvement,
requiring multiple food eliminations and fall within the more
severe spectrum of gastrointestinal allergies. In eosinophilic
esophagitis, all current recommendations support the use of an
AAF as first-line approach, and in children with anaphylaxis,
despite limited evidence an AAF is recommended because of the
potential risk for a severe reaction. The use of an AAF in children
who are breast-fed remains a highly controversial topic and at all
times breast-feeding should be supported in children with
CMPA. This article provides a practical guide that is evidence

based for health care professionals to the use of AAF. ! 2017
Published by Elsevier Inc. on behalf of the American Academy of
Allergy, Asthma & Immunology (J Allergy Clin Immunol Pract
2017;-:---)

Key words: Amino acid formula; Cow’s milk protein allergy;
Indications; Review

INTRODUCTION
Published data indicate that there appears to be an increase in

the prevalence of food allergies, with recent figures from some
developed countries pointing toward a prevalence of 10%.1 The
most common food allergens in childhood include cow’s milk,
hen’s egg, nuts, soya, wheat, and fish,2 but cow’s milk protein
allergy (CMPA) remains the most common worldwide presen-
tation of food allergy, with a prevalence ranging between 1.9%
and 4.9%.3 Most children present with CMPA at age less than 1
year, which is the time when nutritional reliance on breast milk
or cow’s milk formula is the highest. If breast milk is not
available, a hypoallergenic formula is required, which is highly
controlled for nutritional content and tolerance in infants allergic
to cow’s milk. By definition, hypoallergenic formulas are toler-
ated by 90% of children with CMPA with a 95% CI and are
divided according to the degree of protein hydrolysis: extensively
hydrolyzed formula (EHF), which contains short peptides (most
below 1500 Da), and amino acid formula (AAF), which provides
protein in the form of amino acids.4 Studies have shown that
between 2% and 18% (average 10%) of children with the
immediate-type, IgE-mediated CMPA continue to react to an
EHF.5-7 Therefore, for most children with CMPA, an EHF will
be sufficient for symptom resolution, as reflected in current
guidelines, but there is a subset of children with CMPA where an
AAF may be indicated.8,9

The appropriate use of an AAF is a highly debated topic,
because there is a significant fiscal burden to either the health
care system or the parents, with AAF costing on average 40%
more than EHF in both the United Kingdom and the United
States. Understandably this cost will vary between countries,
different brands, and local contracts.10 Many insurance com-
panies or health care authorities will not cover the cost of
hypoallergenic formulas, especially after the child reaches the age
of 12 months. In addition to the cost associated with AAF, other
considerations in the debate around the appropriate use of AAF
include tolerance induction, optimal growth, and patient safety.
There is paucity of data on the impact of hypoallergenic formulas
on quality of life, but a survey by Lozinsky et al11 found
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FIG 1.
Kaplan-Meier analysis of milk allergy resolution over time is shown in blue, with pointwise
95% CIs shown in red.
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FIG 2.
Kaplan-Meier analysis representing the relationship of milk allergy resolution to baseline
milk-specific IgE levels. Individual curves represent IgE levels of less than 2 kUA/L (blue),
2 to 10 kUA/L (red), and 10 kUA/L or greater (green).
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The natural history of milk allergy in an observational cohort 
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The natural history of milk allergy in an observational cohort 
Robert A. Wood et al, JACI 2013 

FIG 3.
Kaplan-Meier analysis representing the relationship of milk allergy resolution to baseline
milk SPT wheal size. Individual curves represent wheal sizes of less than 5 mm (blue), 5 to
10 mm (red), and greater than 10 mm (green).
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FIG 4.
Kaplan-Meier analysis representing the relationship of milk allergy resolution to baseline
AD. Individual curves represent no/mild AD (blue) and moderate/severe AD (red).
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Table 3

Proposed specific IgE diagnostic decision points for CM allergy diagnosis derived from 
studies in children, ma ority of whom had atopic dermatitis. 

OFC to regular [non-heated milk]

SPT to CM, mean wheal diameter (mm) CM-IgE [kUA/L]

Defer
 PPV >8 47 >15 46

> 5 if less than 1 year old 17

Perform
0  PPV Not done <5

OFC to baked milk

SPT to CM, mean wheal diameter (mm) CM-sIgE [kUA/L]
Defer 

 PPV Not done >24.5 34

Perform
>90 NPV <12 48 <9.97

SPT to Casein, mean wheal diameter (mm) Casein-sIgE [kUA/L]

Defer 
 PPV Not done >10 34

Perform
>90 NPV <9 48

0  PPV <5 34

This might be a practical guidance for the clinical ambulatory setting, aiming to identify the optimal candidates for OFC and 
to limit unnecessary OFC. It is important to recognize that OFC can always be performed at the discretion of the treating 
physician despite the elevated results of the serologic tests. In the research setting, OFC are recommended regardless of 
the sIgE level.

CLINICAL CASES

Case 1
Parents of a -year old child with atopic dermatitis 
and history of milk-induced generalized urticaria at 
the age 6 months inquire about the likelihood of their 
child outgrowing milk allergy. There are no additional 
allergic reactions to milk or milk products. Skin prick 
test with a commercial cow milk extract is positive at 
a mean wheal diameter at 10 mm. Serum CM- specific 
IgE antibody level is 1  kI L. Based on these results, 
the child has more than  chances of reacting to 
li uid milk. However, considering that about 0- 0  
of milk allergic children tolerate milk in the baked 
products, further diagnostic testing is performed. 
Serum specific IgE antibodies directed against casein 
level is .  kI L and beta-lactoglobulin IgE is  
kI L. Based on the level of the casein-specific IgE, 

it is estimated that the likelihood of tolerating baked 
milk products in form of a mu n is approximately 

0 . A physician-supervised oral challenge with 
baked milk in a form of a mu n is performed in the 
o ce and the child tolerates it without an adverse 
reaction. Baked milk products are incorporated into 
the diet.

Case 2
A 10-year-old asthmatic male has history of severe 
anaphylaxis to trace amounts of milk in a cookie. He 
wants to know what his chances of outgrowing his 
milk allergy are. His CM-IgE is 75 kUA/L, casein IgE 
is 90 kUA/L; SPT to CM extract is 20 mm diameter. 
Based on his past history of anaphylaxis to baked 
milk and the current test results highly predictive of 
clinical reactivity to both baked and unheated milk, 
it is likely that he will remain-milk allergic until his 
teenage years.

MOLECULAR ALLERGOLOGY
USER’S GUIDE

Published by the European Academy of Allergy and Clinical Immunology
2016
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reaction receive a hospital- based challenge to an EHF. Because
this is not a feasible recommendation for many allergy centers,88

most consensus guidelines have erred on the side of caution and
have recommended AAF as first-line formula in children with
confirmed cow’s milkeinduced anaphylaxis.3,8,9,14

Limitations of current studies investigation of the
use of AAF

There are significant limitations associated with the studies
presented in this review; the most notable is that to date there are

only a few studies that have performed a direct comparison of
AAFs and EHFs and none of them included children with severe
gastrointestinal food allergies, including EoE and FPIES, as well
as set out to compare children on different formulas with mul-
tiple food allergies. In addition, this publication has included
only those studies in which cow’s milk was identified as the main
culprit; many studies however included children with multiple
other food allergies outside of cow’s milk. Although these pub-
lications do give the impression that the change of formula (EHF
to AAF) was the main reason for symptoms improvement, with

TABLE VII. Formulas suggested as first choice by guidelines

Clinical presentation DRACMA3 BSACI Guidelines9 NIAID US Guidelines14 ESPGHAN13,95

Anaphylaxis AAF AAF No specific recommendation AAF
Acute urticaria or

angioedema
EHF EHF No specific recommendation EHF

Atopic eczema/AD EHF EHF No specific recommendation EHF
EoE AAF AAF The NIAID guidelines

acknowledge that trials in
EoE have shown symptom
relief and endoscopic
improvement in almost all
children on AAF/elemental
diet, though no specific
recommendation on
formula choice is made

AAF (as specified by
current ESPGHAN
guidelines on EoE)

Gastroesophageal reflux
disease

EHF EHF No specific recommendation EHF

Cow’s milk proteine
induced enteropathy

EHF EHF unless
severe in which
case AAF

No specific recommendation EHF but AAF if complicated
by faltering growth

FPIES EHF AAF Hypoallergenic formulas are
recommended

EHF

Proctocolitis EHF EHF No specific recommendation EHF
Breast-feeding with ongoing

symptoms (already on
maternal elimination diet)
or requiring a top-up*
formula

No specific
recommendation

AAF No specific recommendation With severe symptoms that
are complicated by growth
faltering, a hypoallergenic
formula up to 2 wk may be
warranted. In many
countries, AAF is used for
diagnostic elimination in
extremely sick exclusively
breast-fed infants.
Although this is not
evidence based, it is aimed
at stabilizing symptoms

DRACMA, Diagnosis and Rational for Action against Cow’s Milk Protein Allergy; NIAID, National Institute of Allergic and Infectious Diseases.
*Top-up formula is where a hypoallergenic formula is required because of insufficient breast milk or the inability to exclusively breast-feed.

TABLE VIII. The overlap in symptoms reported in studies of children who benefited from an AAF over an EHF

Publications Symptoms while breast-fed Severe GI symptoms Growth faltering Multiple allergies AD

Hill et al20 þ þ þ
Sicherer et al45 þ þ
Kaczmarski et al76 þ þ
Isolauri et al6 þ þ þ
de Boissieu and Dupont15 þ þ þ
de Boissieu et al7 þ þ þ
Vanderhoof et al17 þ þ
Lucarelli et al82 þ þ þ

GI, Gastrointestinal.
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Clinical Commentary Review

When Should Infants with Cow’s Milk Protein
Allergy Use an Amino Acid Formula? A Practical
Guide

Rosan Meyer, PhDa, Marion Groetch, MScb, and Carina Venter, PhDc London, United Kingdom; New York, NY; and

Denver, Colo

Cow’s milk protein allergy (CMPA) is the most common food
allergy in childhood and its prevalence ranges between 1.9% and
4.9%. Most children present with CMPA at age less than 1 year
and therefore may require a hypoallergenic formula in the
absence of breast milk. Hypoallergenic formulas include both
extensively hydrolyzed formula (EHF) and amino acid formula
(AAF). For most children with a CMPA, an EHF will be
sufficient for symptom resolution, as reflected in current
guidelines, but there is a subset of children with CMPA where an
AAF may be indicated. The appropriate use of an AAF is a highly
debated topic, because there is a significant fiscal burden to
either the health care system or the parents. From the literature,
the following themes were identified as possible reasons for
choosing an AAF: (1) symptoms not fully resolved on EHF, (2)
faltering growth/failure to thrive, (3) multiple food eliminations,
(4) severe complex gastrointestinal food allergies, (5)
eosinophilic esophagitis, (6) food proteineinduced enterocolitis
syndrome, (7) severe eczema, and (8) symptoms while breast-
feeding. Each of these themes was critically reviewed using all
available published data and found that using an AAF in height
growth faltering may be indicated. In addition, patients who end
up on an AAF often present with multisystem involvement,
requiring multiple food eliminations and fall within the more
severe spectrum of gastrointestinal allergies. In eosinophilic
esophagitis, all current recommendations support the use of an
AAF as first-line approach, and in children with anaphylaxis,
despite limited evidence an AAF is recommended because of the
potential risk for a severe reaction. The use of an AAF in children
who are breast-fed remains a highly controversial topic and at all
times breast-feeding should be supported in children with
CMPA. This article provides a practical guide that is evidence

based for health care professionals to the use of AAF. ! 2017
Published by Elsevier Inc. on behalf of the American Academy of
Allergy, Asthma & Immunology (J Allergy Clin Immunol Pract
2017;-:---)

Key words: Amino acid formula; Cow’s milk protein allergy;
Indications; Review

INTRODUCTION
Published data indicate that there appears to be an increase in

the prevalence of food allergies, with recent figures from some
developed countries pointing toward a prevalence of 10%.1 The
most common food allergens in childhood include cow’s milk,
hen’s egg, nuts, soya, wheat, and fish,2 but cow’s milk protein
allergy (CMPA) remains the most common worldwide presen-
tation of food allergy, with a prevalence ranging between 1.9%
and 4.9%.3 Most children present with CMPA at age less than 1
year, which is the time when nutritional reliance on breast milk
or cow’s milk formula is the highest. If breast milk is not
available, a hypoallergenic formula is required, which is highly
controlled for nutritional content and tolerance in infants allergic
to cow’s milk. By definition, hypoallergenic formulas are toler-
ated by 90% of children with CMPA with a 95% CI and are
divided according to the degree of protein hydrolysis: extensively
hydrolyzed formula (EHF), which contains short peptides (most
below 1500 Da), and amino acid formula (AAF), which provides
protein in the form of amino acids.4 Studies have shown that
between 2% and 18% (average 10%) of children with the
immediate-type, IgE-mediated CMPA continue to react to an
EHF.5-7 Therefore, for most children with CMPA, an EHF will
be sufficient for symptom resolution, as reflected in current
guidelines, but there is a subset of children with CMPA where an
AAF may be indicated.8,9

The appropriate use of an AAF is a highly debated topic,
because there is a significant fiscal burden to either the health
care system or the parents, with AAF costing on average 40%
more than EHF in both the United Kingdom and the United
States. Understandably this cost will vary between countries,
different brands, and local contracts.10 Many insurance com-
panies or health care authorities will not cover the cost of
hypoallergenic formulas, especially after the child reaches the age
of 12 months. In addition to the cost associated with AAF, other
considerations in the debate around the appropriate use of AAF
include tolerance induction, optimal growth, and patient safety.
There is paucity of data on the impact of hypoallergenic formulas
on quality of life, but a survey by Lozinsky et al11 found
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άλλα αλλεργιογόνα 
επιπλέον του ΓΑ που μεταφέρονται 

πριν την έναρξη AAF



Κλινικά σύνδρομα αλλεργίας στο γάλα αγελάδας 

• IgE μεσολαβούμενη  

• κνίδωση —> αναφυλαξία


• non IgE μεσολαβούμενη 

• αλλεργική πρωκτοκολίτιδα 


• εντεροκολίτιδα επαγόμενη από πρωτεΐνη τροφής (FPIES) 

• εντεροπάθεια με απώλεια πρωτεΐνης


• Σ. Heiner


• δυσλειτουργία(;) ανώτερου /κατώτερου πεπτικού


• IgE & non IgE 

• ατοπική δερματίτιδα


• ηωσινοφιλική οισοφαγίτιδα



ΑΓΑ με σοβαρές εκδηλώσεις από το πεπτικό  

• non IgE ή μικτός μηχανισμός


• εντεροκολίτιδα επαγόμενη από πρωτεΐνη τροφής (οξεία και χρόνια μορφή)


• εντεροπάθεια με απώλεια πρωτεΐνης


• ηωσινοφιλική οισοφαγίτιδα


• προβληματική προσέγγιση ευαισθητοποίησης σε τροφές επιπλέον του ΓΑ


• συχνή ανάγκη χορήγησης στοιχειακής formula


• συχνότερα καθυστέρηση αύξησης (εκ πολλαπλών αιτίων)

Hill DJ, Murch SH, Rafferty K, Wallis P, Green CJ. The efficacy of amino acid-based formulas in relieving the symptoms of 
cow’s milk allergy: a systematic review. Clin Exp Allergy 2007;37:808-22.  



Εντεροκολίτιδα επαγόμενη από πρωτεΐνη τροφής 

• non IgE μεσολαβούμενη τροφική αλλεργία


• γάλα αγελάδας: συχνό αίτιο


• οξεία μορφή: επιβραδυνόμενου τύπου αντίδραση (>1h μετά τη κατανάλωση )


• κύριο σύμπτωμα: έμετοι 


• φαινοτυπική ετερογένεια 



to solid foods. Patients can have a single trigger or multiple
triggers. [Strength of recommendation: Strong; Evidence
strength: IIb-III; Evidence grade: C]

The most commonly reported FPIES triggers are CM, soy, and
grains.11,12,17 Soy-induced FPIES and combined soy/CM-
induced FPIES are common in the United States (approximately
25% to 50% in reported case series) but uncommon in Australia,
Italy, and Israel. Most reported solid food–induced FPIES is
attributable to rice and oat. Rice is the most commonly reported
grain trigger, except in Italy.18 Combined rice/oat-induced FPIES
has been reported in almost a third of cases of rice-induced FPIES
in both the United States and Australia.4,5,9 In contrast, fish-
induced FPIES is common in Italy and Spain but less common

elsewhere.18,19 Multiple factors can be involved to explain this
geographic variation, including differences in the populations
studied in the case series, presence of atopic disease, breast-
feeding and dietary practices, and yet-to-be-discovered genetic
factors.11,12,17,20

FPIES occurs once CM or soy-based formulas, solid foods,
or both are introduced into the infant’s diet, usually between 2
and 7 months of age.4,8,9,12,16,18,21 Infants with CM- and soy-
induced FPIES typically present at a younger age
(<6 months) compared with those with solid food–induced
FPIES (6-12 months) reflecting earlier introduction of CM
and soy. The median age of solid food–induced FPIES onset
is similar between most series (5-7 months), with grain-

TABLE I. Proposed defining features for clinical phenotyping of FPIES

FPIES subtypes Defining features

Age of onset
Early Younger than age 9 mo
Late Older than age 9 mo

Severity
Mild-to-moderate Repetitive emesis with or without diarrhea, pallor, mild lethargy
Severe Repetitive projectile emesis with or without diarrhea, pallor, lethargy, dehydration, hypotension, shock,

methemoglobinemia, metabolic acidosis
Timing and duration of symptoms

Acute Occurs with intermittent food exposures, emesis starts usually within 1-4 h, accompanied by lethargy and pallor;
diarrhea can follow within 24 hours, with usual onset of 5-10 h. Usual resolution of symptoms within 24 h after
elimination of the food from the diet. Growth is normal, and child is asymptomatic during food trigger elimination.

Chronic Occurs with daily ingestion of the food (eg, feeding with CM- or soy-based formula in an infant); symptoms include
intermittent emesis, chronic diarrhea, poor weight gain, or FTT. Infants with chronic FPIES usually return to their
usual state of health within 3-10 d of switching to a hypoallergenic formula, although in severe cases temporary
bowel rest and intravenous fluids might be necessary. Subsequent feeding of the offending food after a period of
avoidance results in acute symptoms.

IgE positivity
Classic Food specific, IgE negative
Atypical Food specific, IgE positive

TABLE II. Proposed defining features of mild and severe acute FPIES

Mild-to-moderate acute FPIES Severe acute FPIES

Clinical features Required
d Vomiting (onset usually 1-4 h, can range from 30 min

to 6 h): few episodes of intermittent vomiting (1-3),
can be bilious

d Decreased activity level
d Pallor
d Self-resolving; the child is able to tolerate oral rehy-

dration at home

Optional
d Mild watery diarrhea, onset usually within 24 hours,

can be bloody (occasionally)

Required
d Vomiting (onset usually at 1-4 h, can range from

30 min to 6 h): projectile (forceful), repetitive (>_4),
bilious and dry heaving

d Altered behavior ranging from decreased activity to
lethargy

d Pallor
d Dehydration
d Requires intravenous hydration

Optional
d Hypotension
d Abdominal distention
d Hypothermia
d Diarrhea, onset usually within 24 hours, can be bloody
d Hospitalization

Laboratory features (optional,
when available)

d Increased white blood cell count with neutrophilia
d Thrombocytosis
d Stool might be positive for leukocytes, eosinophils, or

increased carbohydrate content

d Increased white blood cell count with neutrophilia
d Thrombocytosis
d Metabolic acidosis
d Methemoglobinemia
d Stool might be positive for leukocytes, eosinophils, or

increased carbohydrate content
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Position paper

International consensus guidelines for the
diagnosis andmanagement of food protein–induced
enterocolitis syndrome: Executive
summary—Workgroup Report of the Adverse
Reactions to Foods Committee, American Academy
of Allergy, Asthma & Immunology
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Food protein–induced enterocolitis (FPIES) is a non-IgE cell-
mediated food allergy that can be severe and lead to shock.
Despite the potential seriousness of reactions, awareness of
FPIES is low; high-quality studies providing insight into the
pathophysiology, diagnosis, and management are lacking; and
clinical outcomes are poorly established. This consensus
document is the result of work done by an international
workgroup convened through the Adverse Reactions to Foods
Committee of the American Academy of Allergy, Asthma &
Immunology and the International FPIES Association advocacy
group. These are the first international evidence-based
guidelines to improve the diagnosis and management of patients
with FPIES. Research on prevalence, pathophysiology,
diagnostic markers, and future treatments is necessary to
improve the care of patients with FPIES. These guidelines will be
updated periodically as more evidence becomes available. (J
Allergy Clin Immunol 2017;139:1111-26.)
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lines, non–IgE-mediated food allergy
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of the potential risk of severe reaction, these OFCs have to be per-
formed under medical supervision, independently of the food
involved.

The absolute neutrophil count (ANC) measured before and 5
to 8 hours after the positive challenge result showed a median
increase of 1850 cells/mm3, with an average of 3228 cells/mm3

(IQR, 825-4200 cells/mm3). The absolute lymphocyte and
basophil counts were not changed significantly after the OFC,
whereas the eosinophil peripheral count was significantly
decreased, with an average of 260 cell/mm3 (range, 250 to
300 cells/mm3; P < .05). There was a mild increase in the

platelet count (median, 19,000/mm3; range, 2121,000 to
110,000/mm3).

Resolution of FPIES
We followed the 160 subjects for a median of 23 months (IQR,

3-56 months). Among the 60 subjects with 3 years or more of
follow-up, 34 (57%) recovered at least 1 food during the study
period. Twenty-three (68%) patients had a negative OFC result
that confirmed tolerance, whereas the other 11 patients reported
introducing the food at home. The cumulative probability of
recovery was calculated for each food and presented in Fig 2. The
median age when tolerance was documented either by an OFC or
by a parental report of food reintroduction at home was 4.7 years
for rice, 4 years for oat, and 6.7 years for soy. The overall median
age for milk tolerance was 13.8 years; the median age of milk
FPIES resolution for subjects with undetectable milk-specific
IgE was 5.1 years, whereas none of the subjects with detectable
milk-specific IgE became tolerant to milk in the study (P 5
.003, Fig 2). Five subjects remained intolerant after 16 years of
age (milk, n 5 3; soy, n 5 2); all had serial OFCs performed
approximately every 2 years, documenting their FPIES reactions
at these ages. Subjects with persistent milk FPIES after age 3
years had a higher (46%) proportion of positive specific IgE mea-
surements to milk compared with none (0%) of the children with
milk FPIES resolved by age 3 years (P < .05, Table VI).
Among the 17 subjects with milk FPIES and detectable milk-
specific IgE, 7 (41%) subjects had symptoms of IgE-mediated
food allergy at follow-up (see Table E1). Two subjects had
multisystem reactions suggestive of anaphylaxis. Of note, 5
subjects underwent a supervised OFC to milk confirming an
IgE-mediated allergy. The remaining children were not offered
the challenge because of the recent history of unintentional inges-
tion with reactions or because of the cow’s milk–specific IgE anti-
body levels exceeding the 95% decision point for clinical
reactivity.

FIG 1. FPIES food triggers.

TABLE II. Comparison of subjects with milk FPIES sensitized to

milk with those not sensitized to milk

Subjects with milk
FPIES, negative

specific IgE to milk

Subjects with milk
FPIES, positive

specific IgE to milk *

No. of patients, no. (%) 53 (76) 17 (24)
Age of onset

Median 3.5 5
IQR! 0.5-9 3-7.5

Age of tolerance
Median 61 NA"
IQR! 49-173

Atopic dermatitis, no. (%) 24 (45) 10 (59)
Asthma, no. (%) 13 (25) 5 (29)
FPIES to >2 foods, no. (%) 27 (51) 9 (53)
Duration of breast-feeding

Median 0.3 0.5
IQR! 0-2.8 0-2.8

*The detailed clinical and laboratory characteristics of the subjects with IgE
sensitization to cow’s milk are presented in Table E1. The median cow’s milk–specific
serum IgE antibody level was 5.14 kUA/L (range, 0.39 to >100 kUA/L; IQR,
0.702-37.125 kUA/L).
!25% to 75% interquartile range.
"None of the children with positive milk-specific IgE outgrew milk FPIES during the
study (P 5 .003).
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Table 1. Reported cases of milk-food protein-induced enterocolitis syndrome

Year
Ref.
no.

No. of
cases

Symptoms

Age
onset (m)

Outcome (a¼accidental,
c¼ challenge)

No. of other
food FPIES

No.
of PD RemarksRep V L/P D

Recovery
age (m)

Persistent
(last known
age, m)

1982 [13] 1 1 1 1 1.25 14 NA Ch(1) 0 Chronic CM?

1993 [14] 1 þ # þ 1 NA NA S(1) 0 Methemoglobinemia, fever

1998 [4] 13 13 4 9 0.25–5 6(6–25) 7(12–84) S(5) NA 5 methemoglobinemia.
1 reacted to EHCF,
2 atypical

2000 [15] 1 þ þ þ 0.5 NA 72 NA Tolerated soy

2003 [16] 4 4 2 3 0.1–6 28 (a,c), 25, 16? 19m O (3) S(3)
Ba(2), R(3)

1 Most with FPIES to multiple foods;
3 had chronic FPIES

2005 [17] 1 þ þ $ 3 NA 30 3 Tolerated soy; sepsis treatment

2006 [18] 8 7 (>1in 6) NA 6 0.5–4 NA NA RþS(1) NA

2007 [19] 1 þ þ þ 8 24 9 None 1 Sepsis work up

2009 [11] 23 þ þ 33% 0.5–2 100% 20 m NA R(1), Be, E (1),
Fþ shellfish (1)

NA Hypotension (11%), diarrhea
later 3/23 methemoglobinemia

2009 [9] 7 7 4 2 4.1$1.8 Most by 24 m None 2

2010 [20] 1 # þ þ 48 NA NA NA NA Gastrostomy, hypotension

2010 [21] 1 þ þ # 1 day NA NA NA NA Very delayed diagnosis

2011 [10
&&

] 44 44 40 11 0.1–6 90% by 36 1 at 44 NA NA Study restricted to CMP

2012 [22] 1 þ þ # 2 NA 5 None 3 Breast fed, chronic FPIES

2012 [12
&
] 44 98% 80% 54% 3.5$2.4 24$8 B(2), F(3), P(3),

R(2), W(2)
2.7 10/44 with multiple food FPIES

2011 [23] 2 þ þ þ 1.1, 8 Converted to IgE

2013 [24] 1 þ þ þ 4 NA NA R NA

2013 [25] 1 þ þ þ 3 NA 3(c) NA 0 Started with IgE, lost SPT

2013 [26
&&

] 1 þ þ # NA NA 12y(c) NA NA Ondansetron

2013 [8
&&

] 310 All% All% & 50% 6.3$0.7 32$24.1 80% by 5 >50% to 2
or more

NA 2 teenagers with persistent FPIES.
%Diagnostic criteria

B, banana; Ba, barley; Be, beef; Ch, chicken; D, diarrhea; E, egg; EHCF, extensively hydrolyzed cow’s milk formula; F, fish; FPIES; food protein-induced enterocolitis syndrome; L/P, lethargy or pallor; NA, not available; O, oat; P,
poultry; PD, prediagnosis episodes; R, rice; Rep V, repetitive vomiting; S, soy; T, turkey; To, tomato; W, wheat.
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In addition to cow’smilk, we found that 16 subjects with FPIES
to soy, 3 subjects with FPIES to rice, 2 subjects with FPIES to oat,
and 1 patient with FPIES to egg had specific IgE to the offending
food.

DISCUSSION
We report data from a large cohort of subjects with FPIES and

the largest number of OFCs performed for FPIES to date. In this
cohort 24% had detectable specific IgE antibodies to the food that
triggered the FPIES, and 39% had concomitant IgE sensitization
to other foods; to our knowledge, this latter observation has not
been reported previously. Among children with specific IgE to
cow’s milk, 41% changed from the milk FPIES phenotype to an
IgE-mediated phenotype over time. We confirmed that the
presence of specific IgE to cow’s milk is a risk factor for
persistence of milk FPIES beyond 3 years of age. Although IgE
antibodies to the causal food are typically not detected in subjects
with FPIES, there are reports in which children had detectable IgE
to the causal protein either at presentation or during follow-up,

which is referred to as ‘‘atypical’’ FPIES.13 In our study 24% of
subjects had positive specific IgE measurements to the FPIES-
induced food(s). It has been suggested that acute FPIES reactions
are associated with TH2 skewing of the T-cell cytokine profile.22

One can speculate that a TH2-skewed lymphocyte response
might predispose to developing specific IgE to food, which can
eventually lead to a classic IgE-mediated reaction, as we have
documented during the study in 41% of subjects with positive
milk-specific IgE levels. Of note, Onesimo et al23 described 2
cases of atypical FPIES that turned into IgE-mediated gastrointes-
tinal anaphylaxis.

The inflammation in the intestinal tract caused by FPIES might
enhance the penetrability of food proteins and their presentation
to the immune system. Sicherer et al2 suggested that the presence
of specific IgE to the involved antigen in subjects with FPIES,
which is usually negative, predicted a prolonged sensitivity to
the antigen. We found that none of the children with positive
milk-specific IgE outgrewmilk FPIES during the study. Although
this observation is likely confounded by the delayed attempts at
introduction because of the awareness of the role of specific
IgE in prolonged FPIES, it is nevertheless intriguing and worth
further investigation. Because subjects initially presenting with
or later having food-specific IgE antibodies might be at risk for
more persistent FPIES and/or progression to an IgE-mediated
food allergy phenotype (observed in approximately 33% in this
study), SPTs, measurement of serum food-specific IgE levels,
or both in the initial and follow-up evaluations is useful. In chil-
dren with positive specific IgE levels, it is particularly important
to adapt the OFC protocol and carry out the OFC under conditions

FIG 2. Kaplan-Meier survival curves for cow milk, soy, rice, and oat FPIES. Median age at tolerance for milk
was 13.82 years (95% CI, 4.67 years; not established), that for soy was 6.67 years (95% CI, 5.00-15.42), that for
rice was 4.67 years (95% CI, 3.5-5.92), and that for oat was 4.00 years (95% CI, 2.25-7.92).

TABLE III. Rates of concomitant FPIES to multiple foods

If FPIES to: Milk Soy Solid
Milk NA 38% 20%
Soy 37% NA 14%
Solid* 20% 13% 44%*

NA, Not applicable.
*More than 50% of the subjects with solid FPIES reacted to 2 or more foods. Forty-
four percent of subjects with FPIES to rice reacted to oat.
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level in the household, and living in urban settings and 
regions with low exposure to ultraviolet radiation and low 
humidity.52 A systematic review of 113 population-based 
studies53 identifi ed no clear evidence for a role of specifi c 
infections or vaccinations, but that atopic dermatitis 
has a signifi cant positive association with exposure to 
broad-spectrum antibiotics during pregnancy and infancy, 
particularly frequent courses; some less consistent 
evidence was reported for protective eff ects of early day 
care, endotoxin exposure, consumption of unpasteurised 
farm milk, and exposure to dogs—ie, increased exposures 
to non-pathogenic microorganisms.

Main mechanisms of disease
The two major and converging pathophysiological 
peculiarities are abnormalities of epidermal structure 
and function, and cutaneous infl ammation due to in-
appropriate immune responses to antigens encountered 
in the skin. The primary events and key drivers of the 
disease are topics of continuing debate;3 however, clearly, 
skin barrier biology and immune mechanisms closely 
interact.

The skin is an effi  cient physicochemical, microbial, and 
immunological barrier that exerts several protective 
functions, many of which are in the epidermis. 

Figure 4: Key pathophysiological changes in atopic dermatitis
(A) The protective functions of the skin are mainly mediated by the stratum corneum, which consists of corneocytes fi lled with keratin fi brils and surrounded by a cornifi ed cell envelope of a densely 
cross-linked layer of proteins. A monolayer of non-polar lipids is esterifi ed to the cornifi ed envelope and forms the matrix for the intercellular lipid bilayers. Corneodesmosomes form bridges between 
corneocytes and must be degraded for desquamation. (B) Clinically unaff ected skin of patients with atopic dermatitis shows epidermal barrier dysfunction with reduced expression of several epidermal 
diff erentiation gene products such as fi laggrin, altered lipid composition and organisation, release of innate immune cytokines from keratinocytes, and increased exposure to and uptake of antigens with 
subsequent B-cell and T-cell priming in the lymph nodes. Further, there are signs of low-level infl ammation with some infi ltration by Th2 and Th22 cells, and increased expression of Th2-promoting cytokines 
and chemokines. The microbial diversity is reduced in favour of S aureus. Text boxes show the most plausible candidate genes in susceptibility loci identifi ed through genome-wide association studies. (C) The 
transition from non-lesional to acute lesional skin is associated with upregulation of a subset of terminal diff erentiation genes, in particular S100A7, S100A8, and S100A9, whereas the expression of other 
epidermal diff erentiation genes such as fi laggrin remains low. Despite induction of AMPs, the abundance of S aureus further increases; S aureus-derived proteases and enterotoxins contribute to barrier 
disruption and infl ammation. LCs and IDECs bearing specifi c IgE bound to the high-affi  nity receptor for IgE (FcεRI) and dermal DCs take up allergens and antigens encountered in the defi cient epidermis. 
TEM cells are activated from local skin pools and in regional lymph nodes. Th2 and Th22 responses are amplifi ed, and initial Th1 and Th17 responses are induced. Their pro-infl ammatory mediators further 
impair epidermal diff erentiation and integrity, and activate keratinocytes to release pro-infl ammatory and pruritogenic mediators. (D) Chronic lesions are characterised by further progression of epidermal 
hyperplasia, altered corneocyte composition and adhesion, and reduced amounts of intercellular lipids. Continued activation of Th2 and Th22 subsets and activation of Th1 and Th17 pathways further impair 
epidermal barrier function, accelerate local infl ammation, and promote cutaneous remodelling and neuroinfl ammation. AMP=antimicrobial peptides. DC=dendritic cell. EO=eosinophil. IDEC=infl ammatory 
dendritic epidermal cell. ILC=innate lymphoid cell. LC=Langerhans cell. MC=mast cell. S aureus=Staphylococcus aureus. TEM=eff ector memory T cell. Th=T-helper. TSLP=thymic stromal lymphopoietin.
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• Ατοπική δερματίτιδα: πολυπαραγοντικό παθοφυσιολογικό μοντέλο


• IgE & non IgE μηχανισμός


• 30-40%  βρεφών με μέτριο-σοβαρό έκζεμα: υποκείμενη ευαισθητοποίηση σε 
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• Διαχείριση βρεφών υπό formula 
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ly if the infant has not ingested 
peanut early. Prior recommenda-
tions to avoid food allergens dur-
ing pregnancy, breastfeeding and 
for children during weaning have 
been substantially rescinded, al-
though counter-examples remain 
(Figure 3) and more studies are 
needed. Ultimately, the environ-
mental and genetic determinants 
of food allergy are complex, pre-

senting a challenge for identifying 
prevention strategies (Figure 4).  
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Figure 1 Earlier consumption of 
peanut was associated with a lower 

rate of peanut allergy. A - Prevalence 
of peanut allergy in children 

4-18 years; B - Peanut protein 
consumption 8-14 month; United 
Kingdom n=5171; Israel n= 5615. 

(Data from Du Toit G, Katz Y, Sasieni P, 
Mesher D, Maleki SJ, Fisher HR et al. 

Early consumption of peanuts in infancy 
is associated with a low prevalence of 
peanut allergy. J Allergy Clin Immunol 
2008; 122(5):984-91. Reprinted from 
J Allergy Clin Immunol, 129/5, Lack G. 
Update on risk factors for food allergy, 

1187-1197, Copyright 2012, with 
permission from Elsevier.)

Figure 2 Cutaneous exposure to a 
food allergen, especially to inflamed 

skin, may be a sensitizing route. With 
a concomitant lack of oral exposure 
to induce tolerance, the effect could 
be promoting food allergy. (Reprinted 

from J Allergy Clin Immunol, 129/5, 
Lack G. Update on risk factors for food 
allergy, 1187-1197, Copyright 2012, 

with permission from Elsevier.) 

Environmental risk factors for allergy: food

A

B



breast-fed and of those, 12 reacted to an EHF. The level of re-
sidual b-lactoglobulin (0.84-14.5 mg/L) in breast milk varies
greatly, but studies indicate that the range is similar to that in
EHF and it is therefore assumed that children with this level of
sensitivity will continue to react to an EHF.6,7,81 An observa-
tional study by Latcham et al,52 not focusing on EHF or AAF,
found that 55 of 121 mothers (47%) had exclusively breast-fed
until weaning, and 41 of the children (14 of 44 immediate hy-
persensitivity responders and 27 of 77 delayed responders)
developed gastrointestinal or skin symptoms while solely breast-
fed. From the group with IgE-mediated food allergies, 11%
settled on maternal elimination diet, while 34% did well on an
EHF and 16% required an AAF. Conversely from the delayed
noneIgE-mediated group, 16% settled on a maternal

elimination diets, 17% settled on an EHF, and 38% required an
AAF. From both cohorts, therefore only 17% fully settled on a
maternal elimination diet of cow’s milk, possibly indicating
multiple food allergies; however, additional food allergies were
not reported in that study. In the study by Vanderhoof et al,17

29% of children who failed an EHF and improved on an AAF
exhibited symptoms while breast-feeding. A further study has
described a cohort of children (n ¼ 14) who continued to have
symptoms of proctocolitis in spite of maternal elimination.82 All
were switched to an AAF formula and improved. In that study,
none were trialed on an EHF and therefore it is difficult to
establish whether they would have tolerated this feed. This study
also mentioned that in addition to the use of AAF formula all
patients were on multiple food elimination diets.

TABLE V. Studies comparing EHF to an AAF in AD

Author Type of study Number recruited Patient characteristic Outcome on eczema

Niggeman
et al44

Randomized controlled study.
CMPA was confirmed
through double-blind
challenge

31 EHF
42 AAF

Median age, 5.7 mo
(range, 1.6-9 mo)

Eczema defined by criteria of
Sampson99 and Seymour
et al100 and severity assessed
through SCORAD. 40 infants
with IgE-mediated allergy, 14
noneIgE-mediated allergy, 19
with mixed IgE- and noneIgE-
mediated allergy

No statistical difference in
SCORAD before and after
using EHF or AAF at 3 mo or 6
mo’ time point after formula
initiation

Isolauri et al6 Randomized controlled
prospective follow-up
study. CMPA confirmed
through double-blind
challenge

22 EHF
23 AAF

Median age of 6 mo. All had
eczema diagnosed by Hanifen
criteria.

Challenge-proven CMPA.
Mixed IgE- and noneIgE-
mediated allergy

Median SCORAD of 17 for
EHF and 21 for AAF at the
beginning of the study and at
8 mo this reduced to 5 and 4,
respectively, in the EHF and
AAF groups. There was no
statistical difference between
the groups before and at the
end of the study

Palmer et al78 Prospective observational
study. CMPA confirmed
by oral challenge
(took 2 wk)

67 children Mean age of 11.34 " 8.52 mo. All
had eczema diagnosed by Hanifen
and Rajka criteria.

Open challenge-proven CMPA.
Did not specify IgE-/noneIgE-
mediated allergy status, but
patients had a mix of
gastrointestinal symptoms
(colic, diarrhea, and reflux)
and AD

Mean SCORAD 55.41 " 17.4;
95% CI, 51.17-59.66

22 of 67 had intolerance reaction
to an EHF: 17 of 22 to an EHF
casein and 4 of 22 to an EHF
whey and all but 1 child
improved on an AAF.

There were no differences in
SCORAD

(57.18 " 16.59 vs 54.56 " 17.90)
between the groups failing/not
failing the EHFs, but the group
that failed had a higher blood
eosinophil count

Franke et al79 Randomized single-blind
placebo- controlled study.
Confirmation of CMPA
through challenge did
not occur

15 children Median age, 1.4 y (IQR, 0.6-
2.6 y). Children were consuming

either cow’s milk or soya formula.
SPT/specific IgE to food allergens
including cow’s milk performed; 5
of 15 positive to cow’s milk; rest
positive to egg and/or soya. IgE-
mediated allergy based on SPT/
specific IgE only

The median changes for SCORAD
and its area, intensity, and pruritus
were not statistically significant
during the active phase or the
placebo phase

IQR, Interquartile range; SPT, skin prick test.
Bold indicates confirmation of the allergy and type of allergy.
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Επιμονή συμπτωμάτων υπό EHF και αυστηρή δίαιτα ελεύθερη γαλακτοκομικών (EHF) 

• δυσκολότερος φαινότυπος

• συχνά συμμετοχή δερματικών και γαστρεντερικών συμπτωμάτων

• 10% παιδιών με IgE μηχανισμό ΑΓΑ

• >>10% ; παιδιών με non IgE μηχανισμό ΑΓΑ

• EHF με ή χωρίς ΜΘ & εισαγωγή στερεών; (απαραίτητη εξατομικευμένη προσέγγιση)



Elimination diet in cow’s milk allergy: Risk for impaired growth in young children 

Isolauri E et all                                                                                                                                   J Pediatrics 1998

100 παιδιά (mean age 7 months)
ατοπική δερματίτιδα
IgE & non IgE μηχανισμός
αξιολόγηση αύξησης πριν και μετά 

THE JOURNAL OF PEDIATRICS ISOLAURI ET AL.
VOLUME 132, NUMBER 6

older patients with calcium supplemen-
tation (n = 11). Of those originally re-
ceiving soy formula, 25 (56%) of 45 re-
acted clinically to the formula and were
transferred to an extensively hydrolyzed
formula. Of those assigned or trans-
ferred to one of the extensively hy-
drolyzed formulas, 10 (14%) of 69 re-
quired a change to an amino acid formula
because of clinical reactions. On the
basis of clinical history, skin tests, ra-
dioallergosorbent assay, and clinical
challenges, additional dietary restrictions
included egg in all and cereals (wheat,
barley, rye, oats), citrus fruits, and veg-
etables in 70% of the patients. The re-
strictions of cereals, fruits, and vegeta-
bles were replaced by foods of the same
group. After 1 month of the challenge,
when the patients were receiving their
assigned elimination diet, the symptoms
had remitted.

The patients were then monitored from
the diagnostic cow’s milk challenge to the
first rechallenge (mean follow-up 13
months), which was scheduled according
to usual clinical practice to evaluate the
need for continued elimination. Regular
visits were scheduled at the outpatient
department at 2- to 6-month intervals ac-
cording to the patients’s age for clinical
examination and evaluation of growth.
The clinical examination was made by the
pediatrician or dermatologist in charge,
not by the investigators. The diet of the
patients was expanded with age-appro-
priate foods, and at each control visit a
list of foods was given to the parents for
this purpose. At the time of the rechal-
lenge the growth and the nutritional bal-
ance of the patients were estimated.

Because an unselected patient popula-
tion was enrolled in the study, we stud-
ied the growth and nutrition separately
in a homogenous subgroup of 38 patients
in whom cow’s milk elimination diet was
commenced at 6 months of age. Dietary
intake was evaluated in these patients
during the elimination diet at the age of
12 months in connection with a visit to a
clinical nutritionist.

The control group comprised 60
healthy age-matched children chosen
from one well-baby clinic in the city of
Tampere; every fifth healthy child from
the relevant age group was enrolled.

Informed consent was obtained from
the children’s parents. The study was ap-
proved by the Committee on Ethical
Practice of Tampere University Hospital
and the Health Care Centre of the City
of Tampere.

Skin Tests
Skin prick testing was done during the

elimination period on the volar aspect of
the forearm with a long list of dietary
antigens of ALK (Allergologisk Labora-
torium A/S, Horsholm, Denmark).4 A 1
mm, one-peak lancet with shoulder to
prevent deeper penetration was used.
Histamine dihydrochloride 10 mg/ml
(ALK) was the positive and pricking by
the vehicle (physiologic saline) the nega-
tive control. Reactions were read at 15
minutes, and a wheal size of at least 3
mm was recorded as positive, when neg-
ative control was 0.

Cow’s Milk Challenge Protocols
For 2 to 4 weeks before the challenge

the patients received no cow’s milk but
instead a tolerated formula or calcium
supplementation. On the first day of the
challenge, increasing amounts (1, 5, 10,
50, and 100 ml) of the allocated chal-
lenge formula were given at 15- to 30-
minute intervals until intake appropriate
for age was reached. The placebo formu-
la was the amino acid-derived Neocate
(SHS Int., Liverpool, U.K.), and the test
formula consisted of Neocate and 100
gm cow’s milk powder/L. As previously
described,4,6 a computerized randomiza-
tion schedule was used to fix the se-
quence of the challenges. The nursing
staff, pediatricians, parents, and investi-
gators were unaware of the administered
formula’s nature. For open challenge an
adapted infant formula was used.4 The
challenge period was 1 week for both

1005

Fig. 1. Growth during first 24 months of infancy in patients with cow’s milk allergy, during symptomatic
period before diagnosis, and during therapeutic elimination diet, and in control group. Length-for-age in
SDS is shown at 1, 3, 6, 10, 12, 18, and 24 months of age. Open circles represent mean of measurements in
early onset group with mean (95% CI) age at onset of symptoms 2.7 months (2.3 to 3.1 months) and at
start of elimination diet, 4.6 months (4.2 to 5.1 months). Open squares represent mean of measurements in
older onset group with mean (95% CI) age at onset of symptoms 6.5 months (4.7 to 8.3 months) and at
start of elimination diet, 12.5 months (11.5 to 13.5 months). Solid circles represent measurements in healthy
control group. Intersecting vertical lines show 95% CI. Inset: SDS in subgroup of patients with early onset of
symptoms in whom dietary intake was evaluated. Barred circles represent mean of measurements. Intersect-
ing vertical lines show 95% CI.

γιατί;



Etiology of epithelial barrier dysfunction in patients with type 2 inflammatory diseases 
Robert P. Schleimer & Sergejs Berdnikovs 

J Allergy Clin Immunol 2017;139:1752-61. 

propria and connective tissue. Penetration of microbes triggers
strong innate immune responses by pathogen recognition
receptors on epithelial cells and immune cells, such as
macrophages, innate lymphoid cells, and mast cells, residing
among epithelial cells or on the basolateral side of the lamina
reticularis. Subsequent sensitization and activation of adaptive
immune responses can result, including type 2 immune responses
of relevance to the allergic diathesis. Epithelial function can
become compromised by alterations in numerous key functional
or structural elements, such as epithelial junctional or filamentous
proteins. Loss of protective anti-proteases, antimicrobial peptides
or compounds, or disturbances in transport of ions, protons or
water can also disrupt barrier function. Profound activation of
sensory nerves important in manifestation of disease experienced
by the patient is also associated with loss of barrier and

sensitization. In this section we briefly discuss some of the salient
mechanisms and features of barrier loss commonly shared by all
patients with allergic diseases (summarized in Fig 1).

Atopic dermatitis
Atopic dermatitis (AD) is characterized by loss of barrier

function of the skin, culminating in a clinical phenotype
characterized by formation of skin lesions. Skin barrier
dysfunction is induced by disruption of the stratum corneum, a
dense protein-lipid matrix that functions as a barrier to water loss,
environmental insults and allergens. Filaggrin (FLG), a
filament-associated epidermal differentiation complex (EDC)
protein essential for regulation of epidermal homeostasis, is
highly deficient in the skin of many patients with AD.1 Similarly,
the FLG-like proteins hornerin and FLG2 are detected at

FIG 1. Key features of epithelial dysfunction common to all allergic disease. Epithelial barriers predisposed
to type 2 allergic disease are characterized by increased permeability and aberrant behavior of
morphogenetic programs that maintain epithelial homeostasis. Both exogenous (inhaled allergens,
respiratory viruses, chemical sensitizers, and air pollutants) and endogenous (hormones, dietary factors,
and altered circadian clock) disruptors of epithelial homeostasis can drive predisposition to allergic
sensitization by altering homeostatic activity of developmental pathways (WNT, Notch, and Hedgehog) that
maintain proper epithelial-to-mesenchymal communication, epithelial differentiation, and barrier integrity.
Transition to a remodeling state in disease typically follows allergic sensitization and inflammatory
responses. This transition features further loss of differentiation signals, downregulation of innate defense
molecules, profibrotic processes, deposition of extracellular matrix, and potentiated activity of the
mesenchymal unit. ILC2, Group 2 innate lymphoid cell; TSLP, thymic stromal lymphopoietin.

J ALLERGY CLIN IMMUNOL

VOLUME 139, NUMBER 6

SCHLEIMER AND BERDNIKOVS 1753

Και …υποκλινική φλεγμονή 
IL-6 & TNF-α



Weaning to Hypoallergenic Formula Improves Gut Barrier Function 
in Breast-Fed Infants With Atopic Eczema 
Taina Arvola et al 

Journal of Pediatric Gastroenterology and Nutrition 38:92–96 

ferred to an Eppendorf tube. !-1 antitrypsin was extracted by
vigorous mixing with 1 mL of 0.15 M NaCl solution. The
resulting suspension was centrifuged at 25,000 g for 10 minutes
to remove debris. The supernatant concentration of !-1 anti-
trypsin was measured using a Behring BN II nephelometer. The
results are given as milligrams per gram dry weight of lyoph-
ilized feces.

Statistics

Data are given as means with 95% confidence interval (CI)
or medians with interquartile range (IQR). Wilcoxon signed-
rank test was used in pairwise comparisons and Spearman rank
correlation coefficient to determine the degree and significance
of association between urinary EPX concentration and
lactulose/mannitol recovery ratio and the SCORAD score.

RESULTS

Relation between weaning and the severity of
atopic eczema

During breast-feeding, the mean (95% CI) SCORAD
score was 22 (18–27), and the median (IQR) serum total
IgE was 9.0 kU/L (range, 0.0–35.5 kU/L). After wean-
ing, the extent, intensity, and subjective symptoms of
atopic eczema diminished significantly (Table 1). Table
2 shows the results of specific IgE and skin prick test
examinations. Double-blind placebo-controlled cow’s
milk challenge confirmed cow’s milk allergy in 30 of 53
(57%) patients.

Relation between weaning and the concentrations of
urinary eosinophil protein X and methylhistamine

During the symptomatic period when the infants were
breast fed, the median (IQR) urinary EPX concentration
was 101.6 "g/mmol (range, 67.1–171.7 "g/mmol) cre-
atinine. This decreased significantly after weaning
(Table 1). The decrease in urinary EPX concentration did
not correlate with increasing age. There was a direct
correlation between the urinary EPX concentration and
the SCORAD score during breast-feeding (rho ! 0.32,
P ! 0.02) and after weaning (rho ! 0.30, P ! 0.02).

In contrast, the urinary methylhistamine concentration
was comparable during breast-feeding and after weaning
(Table 1).

Relation between weaning and gut barrier functions

During breast-feeding, the median (IQR) urinary re-
covery ratio of lactulose and mannitol was 0.029 (range,
0.021–0.042). There was a direct correlation between
lactulose/mannitol recovery ratio and the SCORAD
score during breast-feeding (rho ! 0.37, P ! 0.006).
This was attributable to a lower urinary recovery of man-
nitol in patients with higher SCORAD score (rho !
−0.40, P ! 0.003). After weaning, a significant decrease
in the lactulose/mannitol ratio was observed (Table 1).
The decrease in the lactulose/mannitol ratio after wean-
ing was associated with a rising trend in urinary excre-
tion of mannitol (P ! 0.06), whereas the urinary excre-
tion of lactulose remained unaltered.

In addition, the concentration of fecal !-1 antitrypsin
decreased significantly after weaning (Table 1).

DISCUSSION

We studied a highly selected population of young in-
fants (i.e., those who experienced atopic eczema even
before exposure to any food other than breast milk). The
predisposition to atopic disease among these infants was
high because in almost 90% of cases there was a positive
history of atopic disease among first-degree relatives,
thus explaining the high proportion of infants with posi-
tive skin prick test or specific IgE concentration to food

TABLE 1. Study parameters of infants with atopic eczema (n = 56) during breast-feeding and 2 and 7 months after weaning

During
breastfeeding

2 Months
after weaning

7 Months
after weaning P value

SCORAD* 22 (18–27) 10 (6–13) 5 (3–7) <0.00001‡
Urinary eosinophil protein X concentration ("g/mmol creatinine)† 101.6 (67.1–171.7) 58.8 (33.6–114.0) 0.003
Urinary methylhistamine concentration ("g/mmol creatinine)† 52.0 (41.2–67.9) 53.0 (45.4–66.6) 0.38
Urinary recovery ratio of lactulose and mannitol† 0.029 (0.021–0.042) 0.023 (0.016–0.031) 0.0006
Fecal !-1 antitrypsin concentration (mg/g)† 2.3 (1.2–3.3) 0 (0.0–1.9) 0.8 (0.0–1.2) <0.0001(3)

* Mean (95% confidence interval)
† Median (interquartile range)
‡ Values at 2 months after weaning versus values during breast-feeding and values at 7 months after weaning versus values during breast feeding.

TABLE 2. The percentages of infants with atopic eczema (n
= 56) with positive specific immunoglobulin E (IgE) and skin

prick test examinations for dietary antigens

Specific IgE positive (#0.4 kU/L)
Cow’s milk 29%
Egg 38%
Grains 19%

Skin prick test positive
Cow’s milk 35%
Egg 33%
Grains 25%

ARVOLA ET AL.94
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Prospective, controlled, multi-center study on the effect of an amino-acid-based 
formula in infants with cow’s milk allergy/intolerance and atopic dermatitis 
Niggemann B                                                                                             Pediatr Allergy Immunol 2001: 12: 78–82. 

Clinical symptoms of eczema (SCORAD)

There was a significant improvement in the
SCORAD in all children, from baseline at entry
(mean 24.6, 95% CI 20.1–29.0), through the
3-month mean (12.2, 95% CI 9.1–15.3) to the
6-month mean (10.7, 95% CI 7.1–14.2)
(p,0.0001). Figure 1 shows the results for the
AA group and the eHF group.

Growth data

While a small, but statistically significant, increase
of length standard deviation score in children of
the AA group was found (Friedman test, p,0.04),
there was no similar significant difference in the
eHF group (Fig. 2). Weight-for-length showed a
stable, similar, development in both groups
(Fig. 3). The energy intake during the study was
similar in both groups (not significant). There was
no center effect.

Discussion

Impaired growth is a common problem found in
many children with AD (15). Defining growth
impairment as a height below the third percentile,

prevalences of 10% (16) and 22% (17) have been
reported. The growth impairment in AD may be
explained by various factors: the chronic disease
itself (17,18); malnutrition by unnecessary and
unsupervised dietary restriction (8,19); protein
loss (20); sustained allergic inflammation and
poor compliance (21); loss of sleep (22); vitamin
D deficiency and steroid therapy (16); and
impairment of growth hormone release during
stage 4 sleep (22). However, few of these factors
have been proven to be responsible for growth
impairment in AD.
As food allergy/intolerance may exacerbate the

problem of growth impairment in AD, adequate
therapy is mandatory. The mainstay of treatment
of food allergy/intolerance is avoidance of the
proteins responsible, and to achieve this, three
possibilities may be considered: feeding an eHF;
feeding a different protein source (such as soy); or
feeding an AA. Whilst eHF may be regarded as
the treatment of choice in infants, soy formulae
cannot be recommended as a first-line treatment
of allergy/intolerance to cow’s milk because of
subsequent sensitization and allergy in a con-
siderable number (14%) of children (23). AA may
have some additional benefit for special groups of
children owing to more complete antigen elim-

Table 1. Relevant background data of the patients at entry

AA (n542) eHF (n531) p-value

Gender (F/M) 13/29 11/20 NS
Age (months)* 5.5 5.7 NS
Total IgE (kU/l)* 16.0 30.0 NS
Specific IgE to CM positive 22 (52%) 15 (48%) NS
SCORAD* 18.5 14.7 NS
Family history of atopy 36 (86%) 26 (84%) NS

*Median values.
AA, amino acid formula; CM, cow’s milk; eHF, extensively hydrolyzed formula; F, female; IgE, immunoglobulin E; M, male; NS, not significant.
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Fig. 1. Severity of eczema (as evaluated by using the
SCORAD index) during treatment. Data are presented as
mean (95% CI) significant improvement over time. p
,0.0001. AA, amino-acid-based formula group; eHF,
extensively hydrolyzed formula group.
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Fig. 2. Length during treatment expressed as standard
deviation scores (median, range). Using the Friedman test,
the results were statistically significant for the amino-acid-
based formula (AA) group (p ,0.04), with no differences in
the extensively hydrolyzed formula (eHF) group.

Niggemann et al.

80

μικτός πληθυσμός παιδιών με ΑΔ
IgE &non IgE μηχανισμός
καλή ανατποκριση σε EHF & AAF
μήκος: AAF>EHF (p <0.04)



breast-fed and of those, 12 reacted to an EHF. The level of re-
sidual b-lactoglobulin (0.84-14.5 mg/L) in breast milk varies
greatly, but studies indicate that the range is similar to that in
EHF and it is therefore assumed that children with this level of
sensitivity will continue to react to an EHF.6,7,81 An observa-
tional study by Latcham et al,52 not focusing on EHF or AAF,
found that 55 of 121 mothers (47%) had exclusively breast-fed
until weaning, and 41 of the children (14 of 44 immediate hy-
persensitivity responders and 27 of 77 delayed responders)
developed gastrointestinal or skin symptoms while solely breast-
fed. From the group with IgE-mediated food allergies, 11%
settled on maternal elimination diet, while 34% did well on an
EHF and 16% required an AAF. Conversely from the delayed
noneIgE-mediated group, 16% settled on a maternal

elimination diets, 17% settled on an EHF, and 38% required an
AAF. From both cohorts, therefore only 17% fully settled on a
maternal elimination diet of cow’s milk, possibly indicating
multiple food allergies; however, additional food allergies were
not reported in that study. In the study by Vanderhoof et al,17

29% of children who failed an EHF and improved on an AAF
exhibited symptoms while breast-feeding. A further study has
described a cohort of children (n ¼ 14) who continued to have
symptoms of proctocolitis in spite of maternal elimination.82 All
were switched to an AAF formula and improved. In that study,
none were trialed on an EHF and therefore it is difficult to
establish whether they would have tolerated this feed. This study
also mentioned that in addition to the use of AAF formula all
patients were on multiple food elimination diets.

TABLE V. Studies comparing EHF to an AAF in AD

Author Type of study Number recruited Patient characteristic Outcome on eczema

Niggeman
et al44

Randomized controlled study.
CMPA was confirmed
through double-blind
challenge

31 EHF
42 AAF

Median age, 5.7 mo
(range, 1.6-9 mo)

Eczema defined by criteria of
Sampson99 and Seymour
et al100 and severity assessed
through SCORAD. 40 infants
with IgE-mediated allergy, 14
noneIgE-mediated allergy, 19
with mixed IgE- and noneIgE-
mediated allergy

No statistical difference in
SCORAD before and after
using EHF or AAF at 3 mo or 6
mo’ time point after formula
initiation

Isolauri et al6 Randomized controlled
prospective follow-up
study. CMPA confirmed
through double-blind
challenge

22 EHF
23 AAF

Median age of 6 mo. All had
eczema diagnosed by Hanifen
criteria.

Challenge-proven CMPA.
Mixed IgE- and noneIgE-
mediated allergy

Median SCORAD of 17 for
EHF and 21 for AAF at the
beginning of the study and at
8 mo this reduced to 5 and 4,
respectively, in the EHF and
AAF groups. There was no
statistical difference between
the groups before and at the
end of the study

Palmer et al78 Prospective observational
study. CMPA confirmed
by oral challenge
(took 2 wk)

67 children Mean age of 11.34 " 8.52 mo. All
had eczema diagnosed by Hanifen
and Rajka criteria.

Open challenge-proven CMPA.
Did not specify IgE-/noneIgE-
mediated allergy status, but
patients had a mix of
gastrointestinal symptoms
(colic, diarrhea, and reflux)
and AD

Mean SCORAD 55.41 " 17.4;
95% CI, 51.17-59.66

22 of 67 had intolerance reaction
to an EHF: 17 of 22 to an EHF
casein and 4 of 22 to an EHF
whey and all but 1 child
improved on an AAF.

There were no differences in
SCORAD

(57.18 " 16.59 vs 54.56 " 17.90)
between the groups failing/not
failing the EHFs, but the group
that failed had a higher blood
eosinophil count

Franke et al79 Randomized single-blind
placebo- controlled study.
Confirmation of CMPA
through challenge did
not occur

15 children Median age, 1.4 y (IQR, 0.6-
2.6 y). Children were consuming

either cow’s milk or soya formula.
SPT/specific IgE to food allergens
including cow’s milk performed; 5
of 15 positive to cow’s milk; rest
positive to egg and/or soya. IgE-
mediated allergy based on SPT/
specific IgE only

The median changes for SCORAD
and its area, intensity, and pruritus
were not statistically significant
during the active phase or the
placebo phase

IQR, Interquartile range; SPT, skin prick test.
Bold indicates confirmation of the allergy and type of allergy.
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AAF αντί EHF

θηλάζοντα με δίαιτα αποκλεισμού της μητέρας και πρώιμης έναρξης σοβαρού εκζέματος

καθυστέρηση αύξησης

μικτή εικόνα με έκζεμα και γαστρεντερικά συμπτώματα που προβληματίζουν 

απουσία ανταπόκρισης σε EHF



Κλινικά σύνδρομα αλλεργίας στο γάλα αγελάδας 

• IgE μεσολαβούμενη  

• κνίδωση —> αναφυλαξία


• non IgE μεσολαβούμενη 

• αλλεργική πρωκτοκολίτιδα 


• εντεροκολίτιδα επαγόμενη από πρωτεΐνη τροφής (FPIES)


• εντεροπάθεια με απώλεια πρωτεΐνης


• Σ. Heiner


• δυσλειτουργία(;) ανώτερου /κατώτερου πεπτικού


• IgE & non IgE 

• ατοπική δερματίτιδα


• ηωσινοφιλική οισοφαγίτιδα



data, and inconsistencies were resolved by means of discussion
until a consensus was achieved. The recommendations of each
committee included a review and update of the 2007 Consensus
Report, clinical recommendations, and proposals for future
research. The manuscript was reviewed and approved by all 33
participants.

REVIEW OF 2007 CR AND GUIDELINES
The original 2007 consensus definition of EoE, based on both

a threshold number of eosinophils and clinical parameters of
upper intestinal symptoms for which gastroesophageal reflux
disease (GERD) was not the underlying cause, might have been
problematic. First, the histologic finding of 15 or more eosino-
phils per high-power field (hpf) in an esophageal biopsy spec-
imen carries no proved biological significance or power to
discriminate among various esophageal diseases. Second, the
exhortation to eliminate GERD as a potential cause of esopha-
geal eosinophilia (as determined by best clinical practice, which
can include either failure of proton pump inhibitors [PPIs] to
resolve symptoms and ongoing eosinophilia or a normal pH
impedance monitoring study) has not been rigorously applied or
validated.

The reasons for this are multiple and relate, in part, to the
identification of at least 2 groups of patients with eosinophil-
predominant esophageal inflammation. One group, best described
as having GERD with more eosinophils than usual, has abnormal
pHmonitoring results and a clinicopathologic response to PPIs.4,5

Another group, best described as having PPI-responsive esopha-
geal eosinophilia, has normal pH study results but nevertheless
shows a clinicopathologic response to proton pump inhibition.6

Whether this latter group represents GERD that was not identified
by means of pH impedance–monitoring studies* or a clinical re-
sponse to the potential anti-inflammatory properties of PPIs is
not yet certain. In neither of these groups has an association
with an antigenic or immunologic cause of esophageal eosino-
philia been thoroughly studied.

Another inherent problem was the use of the abbreviation
‘‘EE.’’ Although easily understood by allergists and pathologists,
among gastroenterologists EE classically defines ‘‘erosive esoph-
agitis.’’ The use of the abbreviation EoE rather than EE for EoE
should eliminate the potential for this confusion.

No studies have been published since the CR that would clearly
permit diagnosis or phenotype discrimination based on pathogno-
monic clinical/histologic features or biomarkers. Thus although
many studies performed since 2007 have used the 2007 CR as
proposed, the majority do not, leaving diagnostic uncertainty both
for patients and within the published literature.7 Because of the in-
creasing recognition of patients with esophageal eosinophilia and
the clinical demand for a more relevant diagnostic guideline, an ur-
gent need has developed to revise the previously published CR.8-10

CONCEPTUAL DEFINITION AND DIAGNOSTIC
GUIDELINES FOR EoE
Proposed conceptual definition of EoE

Recognition of the differences between esophageal eosino-
philia as a histologic descriptor and EoE as a disease, in itself, is
critical (Table I). As clinical experience has developed and as
more patients are being identified, varying phenotypes based on
symptoms or anatomic abnormalities (eg, stricturing) might de-
fine a ‘‘spectrum’’ of EoE. As supported by a number of past
and recent basic/translational studies and clinical experience
demonstrating that the underlying cause of EoE is likely an aber-
rant ‘‘immune’’ or ‘‘antigenic’’ response associated with consis-
tent endoscopic, histologic, and genetic abnormalities, a
conceptual definition for EoE is proposed.11-45 Use of this con-
ceptual definition not only will provide a framework to refine
our perceptions and hypotheses but alsowill guide future diagnos-
tic tests, therapeutic modalities, and pathogenetic studies on EoE.

Conceptual definition
Eosinophilic esophagitis represents a chronic, immune/

antigen-mediated esophageal disease characterized clinically by
symptoms related to esophageal dysfunction and histologically
by eosinophil-predominant inflammation.

Proposed diagnostic guideline for EoE
In conjunction with this conceptual definition of EoE, recent

clinical experience and research supports revisions in the original
diagnostic guidelines for EoE. Rationales for statements in the
current guidelines comparedwith the 2007CRare listed inTable II.

Diagnostic guideline
EoE is a clinicopathologic disease. Clinically, EoE is

characterized by symptoms related to esophageal dysfunction.
Pathologically, 1 or more biopsy specimens must show
eosinophil-predominant inflammation. With few exceptions, 15
eosinophils/hpf (peak value) is considered a minimum threshold
for a diagnosis of EoE. The disease is isolated to the esophagus,
and other causes of esophageal eosinophilia should be excluded,
specifically PPI-responsive esophageal eosinophilia. The disease
should remit with treatments of dietary exclusion, topical corti-
costeroids, or both. EoE should be diagnosed by clinicians, taking
into consideration all clinical and pathologic information; neither
of these parameters should be interpreted in isolation.

TABLE I. Diseases associated with esophageal eosinophilia

GERD
EoE
Eosinophilic gastrointestinal diseases
Celiac disease
Crohn disease
Infection
Hypereosinophilic syndrome
Achalasia
Drug hypersensitivity
Vasculitis
Pemphigoid vegetans
Connective tissue disease
Graft-versus-host disease

*pH testing can be done with a transnasal tube with a pH sensor at its tip, where the tip is
placed 5 cm above the manometrically determined proximal border of the lower
esophageal sphincter, or can be done with a wireless pH capsule that is pinned 6 cm
above the squamocolumnar junction at endoscopy. Both systems capture pH record-
ings to measure the percentage of total time that an acidic pH (<4.0) is present in the
distal esophagus, along with other measurements. Recorders have patient-activated
buttons to indicate symptoms, meals, and posture (upright or supine). Thus these
devices can be used to measure the temporal relation between the patients’ recorded
symptoms and acid reflux. Complimenting pH technology is the advent of impedance.
Impedance monitors act like motion detectors and show the direction of flow not only
of acidic liquids, but also of gas, and liquid of any pH (weakly acidic, neutral, or basic).
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Management Guidelines of Eosinophilic Esophagitis
in Childhood

!A. Papadopoulou, yS. Koletzko, zR. Heuschkel, §J.A. Dias, jjK.J. Allen, !S.H. Murch,
#S. Chong, !!F. Gottrand, yyS. Husby, zzP. Lionetti, §§M.L. Mearin, jjjjF.M. Ruemmele,

!!M.G. Schäppi, ##A. Staiano, !!!M. Wilschanski, and yyyY. Vandenplas, for the ESPGHAN
Eosinophilic Esophagitis Working Group and the Gastroenterology Committee

ABSTRACT

Objectives: Eosinophilic esophagitis (EoE) represents a chronic, immune/
antigen-mediated esophageal disease characterized clinically by symptoms
related to esophageal dysfunction and histologically by eosinophil-predo-
minant inflammation. With few exceptions, 15 eosinophils per high-power
field (peak value) in "1 biopsy specimens are considered a minimum
threshold for a diagnosis of EoE. The disease is restricted to the esophagus,
and other causes of esophageal eosinophilia should be excluded, specifically
proton pump inhibitor–responsive esophageal eosinophilia. This position
paper aims at providing practical guidelines for the management of children
and adolescents with EoE.
Methods: Relevant literature from searches of PubMed, CINAHL, and
recent guidelines was reviewed. In the absence of an evidence base,
recommendations reflect the expert opinion of the authors. Final
consensus was obtained during 3 face-to-face meetings of the
Gastroenterology Committee and 1 teleconference.
Results: The cornerstone of treatment is an elimination diet (targeted or
empiric elimination diet, amino acid–based formula) and/or swallowed,
topical corticosteroids. Systemic corticosteroids are reserved for severe
symptoms requiring rapid relief or where other treatments have failed.
Esophageal dilatation is an option in children with EoE who have

esophageal stenosis unresponsive to drug therapy. Maintenance treatment
may be required in case of frequent relapse, although an optimal regimen
still needs to be determined.
Conclusions: EoE is a chronic, relapsing inflammatory disease with largely
unquantified long-term consequences. Investigations and treatment are
tailored to the individual and must not create more morbidity for the
patient and family than the disease itself. Better maintenance treatment
as well as biomarkers for assessing treatment response and predicting long-
term complications is urgently needed.

Key Words: amino acid–based formula, empiric elimination diet,
eosinophilic esophagitis, local steroids, systemic steroids, targeted

elimination diet

(JPGN 2014;58: 107–118)

E osinophilic esophagitis (EoE) is a chronic immune/antigen-
mediated esophageal inflammatory disease associated with

esophageal dysfunction resulting from severe eosinophil-predomi-
nant inflammation (1,2). In 2007, a multidisciplinary group of
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other major foods fell into 2 general classes: grains and meats. In-
dividual patients can be allergic to any or all meats, but most pa-
tients were allergic to a single type (beef or chicken). We have
found that patients react to all or some of the grains. However,
wheat was found most commonly (similar to recent results of
Gonsalves et al17) and oat less so. For those avoiding wheat,
many removed all gluten.

Milk was the most common food in isolation or with combi-
nation with other foods, which is similar to the findings of
Kagalwalla et al7 and Gonsalves et al17 (Table II). Milk and soy
were another common combination also observed in infants
with food protein–induced enterocolitis.18 This suggested, partic-
ularly in the younger EoE population, that foods that are com-
monly ingested are triggers for EoE. Conversely, in this study
we found that tree nuts, peanuts, and seafood were uncommon
EoE triggers, despite the prevalence of these foods in the Ameri-
can diet.

However, peanut IgE–mediated allergy was very common in
our cohort (9% compared with 1.4% in the general population).19

IgE-mediated food allergies affected almost 15% of our EoE
cohort compared with 2% to 6% observed in the general popula-
tion.18 In addition, the majority of our patients (75%) were atopic.

Nearly two thirds of the patients had allergic rhinitis, and 50%had
asthma. The fact that the EoE population was highly atopic
suggested a general upregulation of genes controlling atopy.
Recent work from our institution identified polymorphism in thy-
mic stromal lymphopoietin (TSLP)20 and upregulation of
TSLP-dependent basophils in patients with EoE.21 Therefore it
is possible to speculate that variation in TSLP leads to upregula-
tion of TH2 cytokines and atopy, causing not only EoE in these
patients but also a general increase in their atopic status.

We next examined the predictive nature of allergy testing for
foods in patients with EoE. We examined the standard SPTs
performed with a bifurcated needle and APTs that we have been
using for the last 8 years. NPVs and PPVs were determined based
on foods that caused definite changes in esophageal biopsy
specimens. The definitive foods were single items that led to an
increase in eosinophil numbers from normal baseline to greater
than 15 eosinophils/hpf or normalization of esophageal biopsy
specimens (0 eosinophils/hpf) with removal of a single food. Skin
testing in general had a good NPV for the uncommon foods but
was found to be less useful for the more common foods, such as
milk, egg, soy, and wheat. There was a particularly high false-
negative rate (34%) with milk (see Table E1). The PPVs in gen-
eral were low (20% to 40%), except for milk (86%) and egg
(62%), which were substantially higher. In general, SPT predic-
tive values were worse in patients with EoE than in those with
IgE-mediated food allergies.22 APTs were used in conjunction
with SPTs in a sequential manner, and therefore if a patient had
a positive result to a food on a SPT, patch tests to those foods
were not performed. APTs were similar to SPTs, with a high
NPV (>95%) for all foods except for milk, egg, wheat, and soy.
The PPVs were low only for peanut, potato, and pork at 0% to
30%, with higher values for corn, beef, chicken, soy, wheat,
egg, and milk, ranging from 30% to 90% (see Table E2). This
finding indicated that additional testing with APTs had some
value. We also calculated likelihood ratios. In general, a ratio of
greater than 1 was associated with disease, and a ratio of less
than 1 was not associated with disease. The ideal test has a PLR
of greater than 5 and an NLR of less 0.2. In patients with EoE,
the combination of these APTs and SPTs reached that value for
individual foods, and overall, the PLR was 4.78 and the NLR
was 0.25. These predictive values were based solely on the EoE
population because they would differ in the general population,
with the values needing to be corrected for the prevalence of
EoE in the general population at 1:1500 (see Table E4 in this ar-
ticle’s Online Repository at www.jacionline.org).

TABLE III. Predictive values of APTs and SPTs in patients with EoE

Food Combination of SPTs and APTs

No. NPV PPV Sensitivity Specificity NLR PLR

Milk 211 44.4% 81.5% 50.2% 77.8% 0.64 2.26
Egg 78 93.0% 60.6% 80.8% 83.0% 0.23 4.75
Wheat 72 87.9% 42.0% 65.3% 73.7% 0.47 2.48
Soy 52 92.8% 33.3% 71.2% 72.3% 0.40 2.57
Peanut 16 99.6% 22.4% 93.8% 82.8% 0.08 5.46
Beef 33 96.3% 31.2% 72.7% 81.5% 0.33 3.92
Corn 39 99.1% 42.0% 94.9% 81.8% 0.06 5.21
Chicken 32 98.3% 32.9% 87.5% 80.1% 0.16 4.41
Potato 21 98.5% 36.2% 81.0% 89.9% 0.21 8.04
Pork 19 96.9% 17.2% 57.9% 82.3% 0.51 3.28

Predictive values of allergy testing when used in combination of SPTs and APTs are shown.

FIG 3. Success rate of various diet therapies in patients with EoE. Retro-
spective examination of various diets in the EoE definitive food cohort
patients (319 patients). Diet successes were defined as identification of all
of the causative foods in patients with EoE that led to normalization of
esophageal biopsy specimens.
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Abbreviations used
APT: Atopy patch test
EoE: Eosinophilic esophagitis
hpf: High-power field

NLR: Negative likelihood ratio
NPV: Negative predictive value
PLR: Positive likelihood ratio
PPV: Positive predictive value

SFED: Six-food elimination diet
SPT: Skin prick test

TSLP: Thymic stromal lymphopoietin

also compare the effectiveness of targeted food antigen restriction
based on SPTs/APTs to several other dietary approaches used at
our institution, including the SFED.

METHODS
Center for Pediatric Eosinophilic Disorders database

The study was approved by the Children’s Hospital of Philadelphia’s
Institutional Review Board. All patients seen in the Center for Pediatric
Eosinophilic Disorders and any patient seen with eosinophilic esophagitis,
eosinophilic gastroenteritis, and eosinophilic colitis were entered into the
database. Datawere entered in a prospectivemanner, and the data analysis was
performed retrospectively.

Definition of EoE
Patients were given a diagnosis of EoE per the most recent 2011 consensus

document.1 The maximal eosinophil count in the most severely affected
esophageal biopsy specimen was used to determine response to therapy. Pa-
tients were receiving a stable dose of inhaled steroids for their asthma and in-
tranasal steroids for their allergic rhinitis as needed (see theMethods section in
this article’s Online Repository at www.jacionline.org for additional details).

Definition of IgE-mediated food allergies
The diagnosis of food allergy was confirmed based on the criteria of

Thompson and Hanifin.12 IgE-definitive foods (>20 points; see the Methods
section in this article’s Online Repository) were also confirmed based on pos-
itive skin test results or specific IgE levels meeting 95% PPVs, as previously
published by Sampson and Ho.13

Allergy testing
SPTs and atopy patch tests (APTs) were performed as previously described

(see the Methods section in this article’s Online Repository for more detail).11

Briefly, all patients underwent SPTs to foods based on their clinical history in
addition to a standard panel of meats (beef, chicken, turkey, and pork), grains
(rice, wheat, barley, corn, and oat), vegetables (string beans, peas, carrots, and
potato), fruits (apples and peaches),milk, soy, peanut, and egg. If patients were
not ingesting the foods in the diet, they were not tested to those foods. APTs
were then conducted for the same foods unless the patient had a positive
wheal-and-flare reaction (>3-mm wheal) on an SPT.

Identification of foods causing EoE
Definitive foods causing EoE were determined based on the addition of

1 food causing an esophageal biopsy specimen to change from normal
(0 eosinophils/hpf) to greater than 15 eosinophils/hpf or removal of 1 food
leading to normalization of the esophageal biopsy specimen. Symptomatic
foods were defined based on parental identification of foods causing signif-
icant symptoms that did not allow the subject to continue to ingest the food as
part of his or her diet. Examples include the following.

First, if a patient removedmilk, egg, andwheat from their diet and results of
a repeat endoscopy and biopsy were normal, food reintroduction was started.
After milk was reintroduced, if symptoms returned and biopsy specimens
were abnormal (>15 eosinophils/hpf), then milk was identified as a causative
food. Second, if egg was added without symptoms and a normal endoscopy
and biopsy occurred, then egg was considered a tolerated food. Third, if wheat
was added and significant symptoms developed (vomiting), leading to removal
of that food before an endoscopy/biopsy could be performed, then wheat was
considered a symptomatic food. IgE-mediated symptoms (urticaria and
anaphylaxis) were classified as IgE-mediated foods as above.

Diet analysis
All patients were started on a restricted diet based on allergy testing

directing the diet. After esophageal biopsy specimens normalized, attempts to
add back foods were analyzed. Definitive foods were identified based on the
results of the esophageal biopsies. After completion of food reintroduction,
except for foods causing EoE or IgE-mediated food allergies, we designated
this population as the ‘‘EoE definitive food population.’’ These definitive foods
were compared with various diet options in a retrospective fashion. The
options (based on analysis of the most common foods causing EoE) were as
follows: (1) no milk; (2) no milk, egg, and wheat; (3) SFED8; (4) removal of
foods based on positive APT/SPT results; (5) removal of foods eliciting pos-
itive SPT/APT results andmilk removal; (6) nomilk, egg, soy, wheat, or meats
(chicken, turkey, beef, or pork); or (7) a vegan diet (no milk, egg, chicken,
beef, turkey, or pork). The patients were not started on these diets directly,
but their final diet was compared with these 7 options.

Predictive values
NPVs and PPVs alongwith specificity, sensitivity, positive likelihood ratios

(PLRs), and negative likelihood ratios (NLRs) were calculated in the EoE
definitive food population.

RESULTS
Demographics

One thousand one hundred eighty-seven patients were included
in the Center for Pediatric Eosinophilic Disorders database at the
Children’s Hospital of Philadelphia. All patients with eosino-
philic gastrointestinal disease were included, as were patients
referred for second opinions with esophageal eosinophilia. Forty-
eight patients with eosinophilic gastroenteritis, 7 patients with
eosinophilic colitis, and 191 patients with proton pump inhibitor–
responsive EoE were excluded (Fig 1). Among the 941 patients
with confirmed EoE, the male/female ratio was 2.8:1 (n 5 695/
247), which is similar to that seen in previous studies.2,4,9 The
population was also 80% self-reported white, which is similar
to our previous results.14 The average age was 6.4 years at the
time of testing, with a range of 1 to 18 years. The patients with
EoE had high rates of concurrent atopic diatheses: 64% had aller-
gic rhinitis, 50% had asthma, and 24% had atopic dermatitis.
Eighteen percent of the patients had no atopic disorders. The dis-
tribution of the endoscopies showed results of 48% were positive
and results of 52% were negative based on an eosinophil count of
greater than 15 eosinophils/hpf.

Regarding the identification of foods, we excluded patients
who were being treated with either swallowed corticosteroids
(130 subjects) or anti–IL-5 (18 patients). Of the 793 remaining
patients, we were able to identify causative foods in 319 patients
based on changes in the biopsy findings and classified them as the
‘‘definitive EoE food population.’’ The remaining 60% had
histologic resolution of eosinophilia when multiple or all foods
were eliminated. Individual foods were not added back into the
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elimination diets was compared with targeted food antigen
elimination.
Results: Definitive foods causing EoE were identified, with milk,
egg, wheat, and soy as the most common foods in 319 patients.
IgE-mediated reactions (urticaria and anaphylaxis) were seen in
15%. The negative predictive value for the combination of SPTs
and APTs averaged 92%, with the exception of milk at 44%,
and the positive predictive value averaged 44%. An empiric
6-food elimination diet or removal of positive foods on allergy

testing (SPTs/APTs) both had a histologic success rate of 53%.
Removal of foods identified on SPTs/APTs plus empiric
elimination of milk leads to resolution in 77% of patients.
Conclusion: An elimination diet based on SPT/APT results
leads to resolution of esophageal eosinophilia in a similar
proportion of patients as empiric removal of foods but required
that fewer foods be removed. These observations suggest that
both methods are acceptable options. (J Allergy Clin Immunol
2012;130:461-7.)
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Eosinophilic esophagitis (EoE) is characterized by an isolated
infiltration of the esophagus with eosinophils without infiltration
in other parts of the gastrointestinal tract. The symptoms of EoE
are similar to those of gastrointestinal reflux disease and include
vomiting, abdominal pain, regurgitation, and dysphagia. The
number of esophageal eosinophils per high-power field (hpf) is
required as part of the clinicopathologic diagnosis, which is
defined as 15 or more eosinophils per hpf in a patient receiving a
proton pump inhibitor.1

Patients with EoE often have a history of atopy, such as
increased serum IgE levels, peripheral eosinophilia, allergic
diseases (including asthma, atopic dermatitis, or allergic rhinitis),
and sensitization to foods and aeroallergens, as demonstrated by a
positive skin test result.2-4 In addition, a high rate of IgE-mediated
food allergies was reported in patients with EoE.5 We and others
have reported improvement in symptoms and biopsy results after
a trial of food avoidance, indicating that food allergy plays a key
role in the pathogenesis of EoE.6-9 Although it is now accepted
that foods are major antigenic triggers for EoE in children, the op-
timal method for identifying foods is unclear. Unfortunately, die-
tary restriction based on skin prick tests (SPTs) alone might only
benefit a very select group of patients. Recently, Erwin et al10 de-
scribed the rates of serum specific IgE to identify foods in children
with EoE.We previously explored the use of SPTs combined with
APTs to identify causative foods, with an approximately 70%
success rate.11 Similar success rates have been reported by using
an empiric elimination diet (6-food elimination diet [SFED]) that
excludes milk, egg, wheat, soy, peanut/tree nuts, and seafood
(fish/shellfish).8 An inherent difficulty to dietary management
of EoE is that despite the effectiveness of both methods, there
is currently no standard approach to food antigen restriction in
this disease. To date, there have been no studies that have directly
compared the effectiveness of various diets in improving esopha-
geal eosinophilia in patients with EoE.

In the current study we performed a retrospective review of
foods triggering EoE and present negative predictive values
(NPVs) and positive predictive values (PPVs) of SPTs and
APTs, identifying definitive foods in our cohort of patients. We
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Eosinophilic esophagitis (EoE) is characterized by an isolated
infiltration of the esophagus with eosinophils without infiltration
in other parts of the gastrointestinal tract. The symptoms of EoE
are similar to those of gastrointestinal reflux disease and include
vomiting, abdominal pain, regurgitation, and dysphagia. The
number of esophageal eosinophils per high-power field (hpf) is
required as part of the clinicopathologic diagnosis, which is
defined as 15 or more eosinophils per hpf in a patient receiving a
proton pump inhibitor.1

Patients with EoE often have a history of atopy, such as
increased serum IgE levels, peripheral eosinophilia, allergic
diseases (including asthma, atopic dermatitis, or allergic rhinitis),
and sensitization to foods and aeroallergens, as demonstrated by a
positive skin test result.2-4 In addition, a high rate of IgE-mediated
food allergies was reported in patients with EoE.5 We and others
have reported improvement in symptoms and biopsy results after
a trial of food avoidance, indicating that food allergy plays a key
role in the pathogenesis of EoE.6-9 Although it is now accepted
that foods are major antigenic triggers for EoE in children, the op-
timal method for identifying foods is unclear. Unfortunately, die-
tary restriction based on skin prick tests (SPTs) alone might only
benefit a very select group of patients. Recently, Erwin et al10 de-
scribed the rates of serum specific IgE to identify foods in children
with EoE.We previously explored the use of SPTs combined with
APTs to identify causative foods, with an approximately 70%
success rate.11 Similar success rates have been reported by using
an empiric elimination diet (6-food elimination diet [SFED]) that
excludes milk, egg, wheat, soy, peanut/tree nuts, and seafood
(fish/shellfish).8 An inherent difficulty to dietary management
of EoE is that despite the effectiveness of both methods, there
is currently no standard approach to food antigen restriction in
this disease. To date, there have been no studies that have directly
compared the effectiveness of various diets in improving esopha-
geal eosinophilia in patients with EoE.
In the current study we performed a retrospective review of

foods triggering EoE and present negative predictive values
(NPVs) and positive predictive values (PPVs) of SPTs and
APTs, identifying definitive foods in our cohort of patients. We

From the Divisions of aAllergy and Immunology and bGastroenterology and Nutrition,
Children’s Hospital of Philadelphia, and cthe Perelman School of Medicine at the Uni-
versity of Pennsylvania.

Institutional support was from the Department of Pediatrics, the Children’s Hospital of
Philadelphia, and the Joint Center for Gastroenterology and Nutrition of the Children’s
Hospital of Philadelphia at the Hospital of the University of Pennsylvania and the Chil-
dren’s Hospital of Philadelphia Food Allergy Family Research Fund.

Disclosure of potential conflict of interest: J. M. Spergel is on the American Academy of
Allergy, Asthma & Immunology Board; is on the American Partnership for Eosino-
philic Disorders (APFED) Medical Advisory Board; is a consultant for DBV and
Danone; has provided expert testimony in malpractice cases; has received research
support from the Department of Defense, the National Institutes of Health (NIH),
APFED, TIGERS, Ception, and Nutricia; has received lecture fees from the California
Pediatrics Society, the UMDNJ Medical School, the Florida Allergy Society, the NJ
Allergy Society, MEI, and Abbott; has received payment for the development of
educational presentations from MEI; and has stock options in DBV. T. F. Brown-
Whitehorn has received research support from DBV Technologies and has received
payment for manuscript preparation for Current Problems in pediatric and adolescent
health care. A. Cianferoni has received research support from the NIH. M. Shuker has
received lecture fees and payment for the development of educational presentations
from Abbott Nutrition and has received payment for manuscript preparation and
compensation for a Food Allergy and Anaphylaxis Network newsletter from Nutricia
North America. C. A. Liacouras has stock options in Ception. The rest of the authors
declare that they have no relevant conflicts of interest.

Received for publication January 17, 2012; revised May 21, 2012; accepted for publica-
tion May 22, 2012.

Available online June 27, 2012.
Corresponding author: Jonathan M. Spergel, MD, PhD, Children’s Hospital of Philadel-
phia, Perelman School of Medicine at University of Pennsylvania, 3550 Market St,
Philadelphia, PA 19104-4399. E-mail: spergel@email.chop.edu.

0091-6749/$36.00
! 2012 American Academy of Allergy, Asthma & Immunology
doi:10.1016/j.jaci.2012.05.021

461

Abbreviations used
APT: Atopy patch test
EoE: Eosinophilic esophagitis
hpf: High-power field

NLR: Negative likelihood ratio
NPV: Negative predictive value
PLR: Positive likelihood ratio
PPV: Positive predictive value

SFED: Six-food elimination diet
SPT: Skin prick test

TSLP: Thymic stromal lymphopoietin

also compare the effectiveness of targeted food antigen restriction
based on SPTs/APTs to several other dietary approaches used at
our institution, including the SFED.

METHODS
Center for Pediatric Eosinophilic Disorders database

The study was approved by the Children’s Hospital of Philadelphia’s
Institutional Review Board. All patients seen in the Center for Pediatric
Eosinophilic Disorders and any patient seen with eosinophilic esophagitis,
eosinophilic gastroenteritis, and eosinophilic colitis were entered into the
database. Datawere entered in a prospectivemanner, and the data analysis was
performed retrospectively.

Definition of EoE
Patients were given a diagnosis of EoE per the most recent 2011 consensus

document.1 The maximal eosinophil count in the most severely affected
esophageal biopsy specimen was used to determine response to therapy. Pa-
tients were receiving a stable dose of inhaled steroids for their asthma and in-
tranasal steroids for their allergic rhinitis as needed (see theMethods section in
this article’s Online Repository at www.jacionline.org for additional details).

Definition of IgE-mediated food allergies
The diagnosis of food allergy was confirmed based on the criteria of

Thompson and Hanifin.12 IgE-definitive foods (>20 points; see the Methods
section in this article’s Online Repository) were also confirmed based on pos-
itive skin test results or specific IgE levels meeting 95% PPVs, as previously
published by Sampson and Ho.13

Allergy testing
SPTs and atopy patch tests (APTs) were performed as previously described

(see the Methods section in this article’s Online Repository for more detail).11

Briefly, all patients underwent SPTs to foods based on their clinical history in
addition to a standard panel of meats (beef, chicken, turkey, and pork), grains
(rice, wheat, barley, corn, and oat), vegetables (string beans, peas, carrots, and
potato), fruits (apples and peaches),milk, soy, peanut, and egg. If patients were
not ingesting the foods in the diet, they were not tested to those foods. APTs
were then conducted for the same foods unless the patient had a positive
wheal-and-flare reaction (>3-mm wheal) on an SPT.

Identification of foods causing EoE
Definitive foods causing EoE were determined based on the addition of

1 food causing an esophageal biopsy specimen to change from normal
(0 eosinophils/hpf) to greater than 15 eosinophils/hpf or removal of 1 food
leading to normalization of the esophageal biopsy specimen. Symptomatic
foods were defined based on parental identification of foods causing signif-
icant symptoms that did not allow the subject to continue to ingest the food as
part of his or her diet. Examples include the following.

First, if a patient removedmilk, egg, andwheat from their diet and results of
a repeat endoscopy and biopsy were normal, food reintroduction was started.
After milk was reintroduced, if symptoms returned and biopsy specimens
were abnormal (>15 eosinophils/hpf), then milk was identified as a causative
food. Second, if egg was added without symptoms and a normal endoscopy
and biopsy occurred, then egg was considered a tolerated food. Third, if wheat
was added and significant symptoms developed (vomiting), leading to removal
of that food before an endoscopy/biopsy could be performed, then wheat was
considered a symptomatic food. IgE-mediated symptoms (urticaria and
anaphylaxis) were classified as IgE-mediated foods as above.

Diet analysis
All patients were started on a restricted diet based on allergy testing

directing the diet. After esophageal biopsy specimens normalized, attempts to
add back foods were analyzed. Definitive foods were identified based on the
results of the esophageal biopsies. After completion of food reintroduction,
except for foods causing EoE or IgE-mediated food allergies, we designated
this population as the ‘‘EoE definitive food population.’’ These definitive foods
were compared with various diet options in a retrospective fashion. The
options (based on analysis of the most common foods causing EoE) were as
follows: (1) no milk; (2) no milk, egg, and wheat; (3) SFED8; (4) removal of
foods based on positive APT/SPT results; (5) removal of foods eliciting pos-
itive SPT/APT results andmilk removal; (6) nomilk, egg, soy, wheat, or meats
(chicken, turkey, beef, or pork); or (7) a vegan diet (no milk, egg, chicken,
beef, turkey, or pork). The patients were not started on these diets directly,
but their final diet was compared with these 7 options.

Predictive values
NPVs and PPVs alongwith specificity, sensitivity, positive likelihood ratios

(PLRs), and negative likelihood ratios (NLRs) were calculated in the EoE
definitive food population.

RESULTS
Demographics

One thousand one hundred eighty-seven patients were included
in the Center for Pediatric Eosinophilic Disorders database at the
Children’s Hospital of Philadelphia. All patients with eosino-
philic gastrointestinal disease were included, as were patients
referred for second opinions with esophageal eosinophilia. Forty-
eight patients with eosinophilic gastroenteritis, 7 patients with
eosinophilic colitis, and 191 patients with proton pump inhibitor–
responsive EoE were excluded (Fig 1). Among the 941 patients
with confirmed EoE, the male/female ratio was 2.8:1 (n 5 695/
247), which is similar to that seen in previous studies.2,4,9 The
population was also 80% self-reported white, which is similar
to our previous results.14 The average age was 6.4 years at the
time of testing, with a range of 1 to 18 years. The patients with
EoE had high rates of concurrent atopic diatheses: 64% had aller-
gic rhinitis, 50% had asthma, and 24% had atopic dermatitis.
Eighteen percent of the patients had no atopic disorders. The dis-
tribution of the endoscopies showed results of 48% were positive
and results of 52% were negative based on an eosinophil count of
greater than 15 eosinophils/hpf.

Regarding the identification of foods, we excluded patients
who were being treated with either swallowed corticosteroids
(130 subjects) or anti–IL-5 (18 patients). Of the 793 remaining
patients, we were able to identify causative foods in 319 patients
based on changes in the biopsy findings and classified them as the
‘‘definitive EoE food population.’’ The remaining 60% had
histologic resolution of eosinophilia when multiple or all foods
were eliminated. Individual foods were not added back into the
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other major foods fell into 2 general classes: grains and meats. In-
dividual patients can be allergic to any or all meats, but most pa-
tients were allergic to a single type (beef or chicken). We have
found that patients react to all or some of the grains. However,
wheat was found most commonly (similar to recent results of
Gonsalves et al17) and oat less so. For those avoiding wheat,
many removed all gluten.
Milk was the most common food in isolation or with combi-

nation with other foods, which is similar to the findings of
Kagalwalla et al7 and Gonsalves et al17 (Table II). Milk and soy
were another common combination also observed in infants
with food protein–induced enterocolitis.18 This suggested, partic-
ularly in the younger EoE population, that foods that are com-
monly ingested are triggers for EoE. Conversely, in this study
we found that tree nuts, peanuts, and seafood were uncommon
EoE triggers, despite the prevalence of these foods in the Ameri-
can diet.
However, peanut IgE–mediated allergy was very common in

our cohort (9% compared with 1.4% in the general population).19

IgE-mediated food allergies affected almost 15% of our EoE
cohort compared with 2% to 6% observed in the general popula-
tion.18 In addition, the majority of our patients (75%) were atopic.

Nearly two thirds of the patients had allergic rhinitis, and 50%had
asthma. The fact that the EoE population was highly atopic
suggested a general upregulation of genes controlling atopy.
Recent work from our institution identified polymorphism in thy-
mic stromal lymphopoietin (TSLP)20 and upregulation of
TSLP-dependent basophils in patients with EoE.21 Therefore it
is possible to speculate that variation in TSLP leads to upregula-
tion of TH2 cytokines and atopy, causing not only EoE in these
patients but also a general increase in their atopic status.
We next examined the predictive nature of allergy testing for

foods in patients with EoE. We examined the standard SPTs
performed with a bifurcated needle and APTs that we have been
using for the last 8 years. NPVs and PPVs were determined based
on foods that caused definite changes in esophageal biopsy
specimens. The definitive foods were single items that led to an
increase in eosinophil numbers from normal baseline to greater
than 15 eosinophils/hpf or normalization of esophageal biopsy
specimens (0 eosinophils/hpf) with removal of a single food. Skin
testing in general had a good NPV for the uncommon foods but
was found to be less useful for the more common foods, such as
milk, egg, soy, and wheat. There was a particularly high false-
negative rate (34%) with milk (see Table E1). The PPVs in gen-
eral were low (20% to 40%), except for milk (86%) and egg
(62%), which were substantially higher. In general, SPT predic-
tive values were worse in patients with EoE than in those with
IgE-mediated food allergies.22 APTs were used in conjunction
with SPTs in a sequential manner, and therefore if a patient had
a positive result to a food on a SPT, patch tests to those foods
were not performed. APTs were similar to SPTs, with a high
NPV (>95%) for all foods except for milk, egg, wheat, and soy.
The PPVs were low only for peanut, potato, and pork at 0% to
30%, with higher values for corn, beef, chicken, soy, wheat,
egg, and milk, ranging from 30% to 90% (see Table E2). This
finding indicated that additional testing with APTs had some
value. We also calculated likelihood ratios. In general, a ratio of
greater than 1 was associated with disease, and a ratio of less
than 1 was not associated with disease. The ideal test has a PLR
of greater than 5 and an NLR of less 0.2. In patients with EoE,
the combination of these APTs and SPTs reached that value for
individual foods, and overall, the PLR was 4.78 and the NLR
was 0.25. These predictive values were based solely on the EoE
population because they would differ in the general population,
with the values needing to be corrected for the prevalence of
EoE in the general population at 1:1500 (see Table E4 in this ar-
ticle’s Online Repository at www.jacionline.org).

TABLE III. Predictive values of APTs and SPTs in patients with EoE

Food Combination of SPTs and APTs

No. NPV PPV Sensitivity Specificity NLR PLR

Milk 211 44.4% 81.5% 50.2% 77.8% 0.64 2.26
Egg 78 93.0% 60.6% 80.8% 83.0% 0.23 4.75
Wheat 72 87.9% 42.0% 65.3% 73.7% 0.47 2.48
Soy 52 92.8% 33.3% 71.2% 72.3% 0.40 2.57
Peanut 16 99.6% 22.4% 93.8% 82.8% 0.08 5.46
Beef 33 96.3% 31.2% 72.7% 81.5% 0.33 3.92
Corn 39 99.1% 42.0% 94.9% 81.8% 0.06 5.21
Chicken 32 98.3% 32.9% 87.5% 80.1% 0.16 4.41
Potato 21 98.5% 36.2% 81.0% 89.9% 0.21 8.04
Pork 19 96.9% 17.2% 57.9% 82.3% 0.51 3.28

Predictive values of allergy testing when used in combination of SPTs and APTs are shown.

FIG 3. Success rate of various diet therapies in patients with EoE. Retro-
spective examination of various diets in the EoE definitive food cohort
patients (319 patients). Diet successes were defined as identification of all
of the causative foods in patients with EoE that led to normalization of
esophageal biopsy specimens.
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EoE and AAF. Symptom and histological remission on an
AAF has been shown to be more than 90% in children with EoE
and thus all current national and international guidelines as well

as the latest work group report from the American Academy for
Allergy, Asthma & Immunology suggest the use of an AAF for
this noneIgE-mediated allergic condition as first-line feed.55

TABLE III. (Continued)

Author Type of study Number recruited Patient characteristic Number of foods eliminated

de Boissieu
and Dupont15

Prospective nonrandomized.
Confirmation of CMPA
through challenges not
mentioned

52 from 2 cohorts
previously
published7,16

Infants (mean age,
5.3 ! 3.8 mo).

See Table I on patient
characteristics from
both de Boissieu
studies7,16

All children in the study
failed an EHF (as
described in Table I)

SPTs to all non-CM allergies
were performed followed by
single-blind oral challenge.

18 of 52 had isolated allergy
to EHF (CMPA)

21 of 52 had allergy to <6
foods

13 of 52 had allergy to >6
foods

Children with isolated EHF
allergy tolerated an EHF on
average at 10.5 mo, vs <6
and >6 foods at 13.4 and 20
mo, respectively

CM, Cow’s milk; SPT, skin prick test.
Bold indicates confirmation of the allergy and type of allergy.

TABLE IV. Studies using elemental diet of AAF alone for EoE and remission rates

Study Number of children Remission Further information

Kelly et al57 10 with GERD
Age: median, 34.3 mo;

range, 6-78 mo

Total resolution of
symptoms (n ¼ 8)

Partial resolution of
symptoms (n ¼ 2)

Esophageal eosinophil counts
decreased significantly from
(median, 41; range, 15-100) to
(median, 0.5; range, 0-22)
(P ¼ .005) after the AAF trial

Liacouras
et al58

164
Age: median,

8.1 ! 4.3 y

Resolution in 160 of
164 (97.6%)

Based on n ¼ 160 who improved:
Eosinophils/hpf prediet: 38 ! 10.3;

postdiet: 1.1 ! 0.5. White
grapes/pure juice or apples/pure juice
permitted alongside the AAF

Kagalwalla
et al59

25
Age: mean, 6.4 y

22 of 25 (88%) in the AAF
group achieved significant
improvement in esophageal
inflammation
(#10 eosinophils/hpf)

The pretreatment and posttreatment
peak eosinophil count was
58.8 ! 31.9 and 3.7 ! 6.5
(P < .001), respectively

Spergel et al60 151 AAF led to resolution in >95%
of the patients

Resolution was defined as <15
eosinophils/hpf. The maximal
eosinophil count in the most
severely affected esophageal biopsy
specimen was used to determine
response to therapy

Rizo Pascual
et al61

17
9 y (range, 2 y and 8 mo

to 14 y and 5 mo)
but only 3 treated

with AAF only

Remission in 3 of 3 patients Remission was defined as <10
eosinophils/hpf

Henderson
et al62

49
Age: median, 5.6 y

(range, 0.9-19.7 y)

47 of 49 (96%) in remission
(<15 eosinophils/hpf)

Median prediet: 51 (28- 90) and postdiet: 1
(0- 3.5)

Markowitz
et al63

51
Age: median,

8.3 ! 3.1 y
(range, 3-16 y)

All but 2 patients experienced
improvement on the elemental diet

Median number of esophageal eosinophils/
hpf decreased from 33.7 pretreatment to
1.0 after treatment (P <.01)

GERD, Gastroesophageal reflux disease.
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compliant with the dietary regimen including 5 of the
35 (14%) who attempted to orally ingest the formula and
3 of 137 (2%) patients who received the formula by an
NG tube. Of the remaining 164 patients, 160 (97%)
demonstrated a significant improvement in clinical
symptoms and esophageal eosinophilia (Figures 9, 10,
and 11). In the dysphagia subgroup, barium studies
demonstrated normalization of the esophagus in 21 of 22
patients who initially had evidence of esophageal nar-
rowing and who complied with the diet. Four of 164
patients (2.4%) had no significant change in esophageal
eosinophils or clinical symptoms despite adhering to the
diet.

Although both dietary treatments showed significant
improvement, Table 2 depicts the residual number of
esophageal eosinophils after treatment was lower in the
amino acid–based diet group compared with the selec-

tive food elimination group (1.1 ! 0.6 vs 5.3 ! 2.7; P
" .05). Following the normalization of the esophageal
biopsies of patients who were on a complete dietary
elimination, individual foods were reintroduced. A new
food was reintroduced approximately every 5 days. Pa-
tients were subsequently followed for clinical symptoms
and the recurrence of esophageal eosinophilia. EGD with
biopsy was performed in all cases approximately 4–8
weeks after the reintroduction of the last food. These
patients were followed for an average of 14 ! 3.6
months. Table 3 reveals the foods most commonly found
as allergens in patients with EoE. An average of 5.6 !
2.9 allergic foods per patient were directly linked to the
development of esophageal eosinophilia. However, all
foods have yet to be tested in this group. At present, only
3 patients have been able to reintroduce previously
known allergenic foods (31, 38, and 46 months after
initial food removal) without recurrence of esophagitis.

There was no significant weight loss, electrolyte ab-
normality, or alteration of growth parameters (height,
weight, head circumference) in patients who underwent
dietary therapy. Only 5 patients were considered to have
failure to thrive (weight " 5th percentile based on the
appropriate growth curve), and all 5 patients had a
significant increase in weight after initiating the com-
plete elimination diet.

To date, of the 247 patients who underwent dietary
therapy, there have been no significant nutritional, proce-
dural, or mechanical complications. Of the 160 patients
requiring a complete elimination diet, 26 (16%) continue
to require the amino acid formula as the mainstay of their
diet because of the severity of their food allergy. In contrast,

Figure 9. Graph representing the effect of using a strict amino acid–
based formula on the number of esophageal eosinophils, GER symp-
toms, and dysphagia.

Figure 10. Esophageal histology of a patient with severe EoE before
the initiation of dietary therapy with an amino acid–based formula.
Note the large number of eosinophils and the hypertrophied basal cell
layer. H&E stain, original magnification 400#.

Figure 11. Esophageal histology of the same patient 1 month after
treatment with an amino acid–based formula, water, white grapes,
and a natural white grape juice. Note complete resolution of esoph-
ageal eosinophils and a normal basal cell layer. H&E stain, original
magnification 200#.
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134 were able to discontinue the amino acid–based formula
from 3 to 18 months (average time 5.24 ! 2.73 months)
after its initiation. For these patients, only 3 have been
reported to ingest a food previously known to cause EoE,
25, 46, and 63 months after the time of their initial
esophageal histologic resolution.

Discussion
Over the past 5 years, EoE has become a world-

wide phenomenon with reports originating from the
United States, Canada, Europe, Australia, and South
America.5–8 Pediatric gastroenterologists now recognize
that children who present either with chronic symptoms
of GERD or dysphagia (frequent or intermittent) unre-
sponsive to aggressive acid blockade may have EoE. Noel
et al reported on a specific population of children diag-
nosed with EoE between the years 2000 and 2003, and
calculated a disease incidence of 1 in 10,000 per year and
a prevalence of 4 in 10,000.9

As our data indicate, the number of new cases seen at
our institution has doubled in the last 4 years. Several
factors may contribute to this finding. First, because of
increased awareness, EoE is now more easily recognized
by both gastroenterologists and pathologists. Presently,
it is strongly suggested that mucosal biopsies should be
collected in all patients even when the mucosal tissue
appears normal.10 In addition, when biopsies were ob-
tained in the past, pathologists may have assumed that
the presence of esophageal eosinophils represented gas-
troesophageal reflux and simply reported “reflux esoph-
agitis.” On further investigation, a significant number of
patients with unresponsive GERD, who were previously
thought to have reflux esophagitis, had large numbers of

esophageal eosinophils. Thus, pathologists are now be-
ginning to describe the esophageal inflammation by re-
porting the number of eosinophils observed in the bi-
opsy. This enables the clinician to consider EoE in the
differential diagnosis of patients who present with reflux
symptoms or dysphagia.

Clinically, EoE presents in a variety of ways. As our
studies indicate, young children and school-aged children
commonly present with symptoms indistinguishable from
children who have gastroesophageal reflux.11,12 In contrast,
older children typically present with either heartburn or
symptoms of dysphagia.8,13,14 More specifically, many ad-
olescents often come to the attention after they experience
an esophageal food impaction.15 Although there have been
no reports in children regarding the long-term effects of
untreated EoE, we believe the apparent change in symp-
tomatology from toddlers to adolescents to adults represents
full thickness tissue involvement of eosinophils as previ-
ously suggested by Fox.16 Thus, left untreated, the long-
term effects of patients with EoE may lead to esophageal
stricture formation.

While the diagnosis of EoE rests upon the use of upper
endoscopy, obtaining biopsies of the esophagus is crucial.
As our study indicates, one third of children have visually
normal esophageal tissue despite having a severe histologic
evidence of EoE. In addition, while the visual findings of
multiple, small, white, raised specks on the esophageal
mucosa, trachealization or ring-like formation of the esoph-
agus, or the presence of esophageal linear furrows or “rail-
road tracks” are very suggestive of EoE, without a biopsy,
these findings could represent esophageal candidiasis, con-
nective tissue disease, or gastroesophageal reflux, respective-
ly.11,17–24 It has been hypothesized that the lack of reports
of EoE in adults reflects the tendency for adult gastroenter-

Table 2. Effect of Dietary Therapy on Esophageal
Eosinophils and Clinical Symptoms in Patients
With EoE

Pre-diet Post-diet P value

Amino Acid formula (160)
Eosinophils per 40" HPF 38.7 ! 10.3 1.1 ! 0.6 #.001
GER symptoms (134) 134 3 #.01
Dysphagia symptoms (30) 30 1 #.01

Food elimination diet (75)
Eosinophils per 40" HPF 47.5 ! 12.1 5.3 ! 2.7 #.001
GER symptoms (54) 54 2 #.01
Dysphagia symptoms (21) 21 1 #.01

NOTE. Table depicts the average number of esophageal eosinophils
and the number of patients complaining of clinical symptoms before
and 1 month after the initiation of dietary therapy. Two groups of
patients are represented: patients who were treated with a strict
amino acid–based formula; and patients in whom foods were elimi-
nated based on the use of a combination of skin prick and skin patch
testing.

Table 3. Proportion of Patients With EoE Who Are Allergic to
Foods

Milk 0.45
Egg 0.45
Soy 0.38
Corn 0.38
Wheat 0.30
Beef 0.30
Chicken 0.20
Potato 0.15
Oats 0.15
Peanuts 0.15
Turkey 0.11
Barley 0.11
Pork 0.08
Rice 0.05
Green beans 0.03
Apples 0.01
Pineapple 0.01
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Σοβαρή αλλεργία στο γάλα αγελάδας


• καθυστέρηση στην εγκατάσταση ανοχής 


• βαρύτητα συμπτωμάτων (οξέως ή χρονίως)


• δυσκολία διαχείρισης με επιμονή συμπτωμάτων παρά τη δίαιτα



Επιμονή συμπτωμάτων υπό EHF και αυστηρή δίαιτα ελεύθερη γαλακτοκομικών (EHF) 

10% παιδιών με IgE αλλεργία στο γάλα
>10% ; παιδιών με non IgE μηχανισμό
  

regarding the appropriate use of AAF. Published data indicate
that not all children will require an AAF, but also that multiple
feed changes, poor symptom resolution, and input from multiple
health professionals all contribute to a fiscal burden.23 It is
therefore desirable to have a better definition in regard to the
type of patient who may require an AAF (see section
“Interpreting results and guidance for health care professionals”).

Faltering growth in food allergy
Several studies have highlighted concerns in regard to growth

in children with food allergies with low weight-for-age,24 but
more concerning low height-for-age.25-27 Current data indicate
that between 7% and 24% of children with food allergies have
stunting (defined by a height-for-age <!2 SD).28-30 In devel-
oped countries, the prevalence of stunting in the food-allergic
community ranges between 9% and 14% but this can increase
to almost 25% of noneIgE-mediated CMPA in developing
countries as demonstrated by Vieira et al.30 Stunting in early life
does not only impact on long-term height growth but has also
been shown to be linked to poor cognitive outcome in later age
(ie, in reading, mathematics).31,32 As early as 1998, Isolauri
et al33 reported on growth patterns in a cohort of children with
both IgE- and noneIgE-mediated CMPA, highlighting a lack of
linear catch-up growth in particular in children who had early
onset of symptoms to cow’s milk. Most patients in that study
were on an EHF as milk replacement and volume consumption
and nutrient intake was deemed sufficient for normal growth and
development; therefore, inadequate nutritional intake was dis-
counted as a cause for poor catch-up growth. The authors hy-
pothesized that ongoing growth faltering might be related to
persistent unnoticed inflammation of the gastrointestinal tract
and/or the skin increasing nutrient requirements. Beck et al28

have also found in the HealthNuts cohort that children with
food allergy and AD were shorter and lighter throughout early
childhood. The association between atopic comorbidities, low-
grade inflammation, and growth requires more research to
clearly identify the causal factors. Arvola et al34 showed that in

children with AD, gut barrier function improved with
concomitant diminishing SCORing Atopic Dermatitis
(SCORAD) score after cessation of breast-feeding and starting of
hypoallergenic formula (either EHF or AAF). It is therefore
plausible that if symptoms affecting the skin or the gastrointes-
tinal are ongoing, children continue to have poor growth relating
to low-grade inflammation affecting gastrointestinal barrier
function, with the latter leading to suboptimal nutrient absorp-
tion. The impact of low-grade inflammation itself on growth,
related to residual cow’s milk peptides in the formula, has not
been explored in food allergy. Cytokines, also involved in
ongoing allergic reactions, namely, IL-6 produced by macro-
phages and TNF-a, have been shown to have an impact on
growth in other diseases.35-39 Borschel et al40 studied children
and infants with chronic diarrhea and recruited 2 groups, one 12
months or younger (n ¼ 27) and another 12 months or older
(n ¼ 19). From the older cohort, 10 of 19 (53%) had food-
allergic conditions and from the infants younger than 12
months, all (n ¼ 27) were diagnosed with a food allergy or
eosinophilic gastroenteritis (2 children with food allergies also
had short gut syndrome). Children were changed to a specific test
AAF from another AAF or EHF casein and partially hydrolyzed
whey formula. Following this change, all significantly improved
both weight and height, but in particular length increased in the
infant cohort in which all had a food allergy. Of note is that this
effect on height growth is not seen if an EHF and AAF are
compared in a healthy infant population,41 implying that the
pathophysiology is related to gut barrier function and/or ongoing
inflammation.

Data from other pediatric populations highlight the impor-
tance of catch-up growth and the long-term benefit of opti-
mizing growth earlier rather than later.42,43 Although most
studies have found similar weight gain between EHF and AAF,
many have indicated better linear catch-up growth in children
with CMPA on an AAF.6,44,45 This has also been found in the
systematic review on AAF by Hill et al22 in 2007. A more
recent study by Vanderhoof et al,21 of infants who failed an

TABLE I. (Continued)

Author Type of study Number recruited Patient characteristic Outcome

Vanderhoof
et al17

Prospective nonrandomized.
Confirmation of CMPA

through challenges not
mentioned

28 recruited and
25 crossed over

Age range, 22 to 173 d. Infants
with suspected noneIgE-
mediated CMPA who
did not have symptom
resolution on EHF casein

After 2 wk on AAF
all children had symptom
improvement; 25 of 28
were challenged with
EHF casein again: 8
of 25 tolerated EHF
casein but 17 of 25
redeveloped symptoms

Vanderhoof
et al21

Prospective multicenter
observational study.
Confirmation of CMPA
through challenges not
mentioned

30 Infants at mean age of 6.6
mo, who failed EHF with
persistent allergic
manifestation and weight
loss; 76% IgE negative
and most symptoms were
gastrointestinal (vomiting)
and 41.7% had AD. Mainly
noneIgE- mediated
allergy

Statistically significant
improvement in all
residual allergic
manifestations (skin and
gastrointestinal) in terms
of both number of
symptoms and
symptom severity

SPT, Skin prick test.
Bold indicates confirmation of the allergy and type of allergy.
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TABLE I. Summary of studies comparing tolerance of EHF and AAF

Author Type of study Number recruited Patient characteristic Outcome

Sampson et al19 Prospective randomized
double-blind, placebo-
controlled food challenges
to cow’s milk, AAF, and
EHF

28 recruited
26 included (2 developed

tolerance), 16 underwent
SPT to the formulas

Age 11 mo-12 y IgE-
mediated CMPA.
Confirmed through
double-blind, placebo-
controlled challenge—6
of 26 were not
challenged because
they had severe
anaphylactic
reactions

AAF:
3 of 16 positive SPT

result to AAF
0 of 26 reacted to

AAF on challenge
EHF:
5 of 16 positive SPT result

to first brand of
EHF casein

8 of 16 positive SPT result
to second brand
of EHF casein

1 of 26 reacted to EHF
casein (skin rash,
respiratory symptom,
and vomiting)

de Boissieu et al7 Prospective nonrandomized
study

Confirmation of CMPA
through challenges not
mentioned

16 Infants (age not specified)
had ongoing gastrointestinal
and/or skin symptoms on
EHF. All were treated for
gastroesophageal reflux.
Suspected noneIgE-
mediated allergy

13 of 16 showed symptom
improvement when an
AAF was introduced
and when challenged to
an EHF, symptoms
recurred

de Boissieu and
Dupont16

Prospective nonrandomized
study.

Confirmation of CMPA
through challenges not
mentioned

22 Infants (mean age at referral
to the unit, 4.7 ! 3.7 mo).

Predominant gastrointestinal
symptoms and 6 of 22 had
AD. Suspected noneIgE-
mediated allergies

After 1 mo on AAF, all
children were challenged to
EHF and reacted to this
feed; 9 of 22 reacted with
only gastrointestinal
symptoms to the EHF but in
13 of 22 children in addition
to gastrointestinal
symptoms, failure to thrive,
angioedema, and AD
occurred. The latter also
reacted to multiple other
foods

Hill et al20 Prospective study: all patients
on AAF but challenged with
parental choice of either
EHF casein/whey or soya
formula. The challenge
sequence was randomized
and blinded. Confirmation
of CMPA through
challenges not mentioned

18 enrolled but only 10
had EHF as challenge
formula (7 soya
formula and 1
cow’s milk)

Median age, 7.5 mo
(range, 3-14 mo)

Children with suspected
noneIgE-mediated
CMPA

0 of 18 reacted to AAF
10 were challenged to EHF

(6 of 10 reacted
to EHF):

2 of 6 vomiting and diarrhea
2 of 6 diarrhea
1 of 6 vomiting
1 of 6 diarrhea, vomiting,

and eczema
7 were challenged to soya

formula: 6 of 7 reacted
1 was challenged to cow’s milk:

tolerated
Caffarelli et al5 Randomized controlled cross-

over: AAF to EHF casein
and EHF whey. CMPA
confirmed through
challenge

20 but not all crossed
over to other
formulas

Median age, 2.6 y
(range, 11 mo-9 y)

Children had challenge-
confirmed mixed IgE
and noneIgE-
mediated CMPA

2 of 10 had AD on AAF
16 were challenged

EHF whey (3 of 16 reacted):
1 of 16 vomiting
1 of 16 AD
1 of 16 rash/skin symptoms
EHF casein (1 of 16 reacted):
1 of 16 diarrhea

(continued)
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2 wk μετά από αλλαγη σε  AAF 
βελτίωση (100% παιδιών)
25 of 28 πρόκληση με EHF casein : 
8/25 ανοχή σε EHF casein        
17/25 υποτροπή 

Meyer el, Jaci in Practice 2017

13 of 16 βελτίωση με AAF
υποτροπή μετά πρόκληση με EHF



Φαινότυπος ΑΓΑ με πολυευαισθητοποίηση και αντίδραση σε > 1 τροφή
 
• IgE, non IgE ή μικτός μηχανισμός
• σοβαρή αλλεργία

• επιμονή συμπτωμάτων με τη δίαιτα αποκλεισμού της θηλάζουσας

• επιμονή συμπτωμάτων υπό EHF (συχνότερα ανάγκη για AAF)

• συχνότερα καθυστέρηση αύξησης

• ανοχή στο γάλα σε μεγαλύτερη ηλικία 

Hill DJ, Murch SH, Rafferty K, Wallis P, Green CJ. The efficacy of amino acid-based formulas in relieving the 
symptoms of cow’s milk allergy: a systematic review. Clin Exp Allergy 2007;37:808-22.  



Φαινότυπος με πολυευαισθητοποίηση και αντίδραση σε > 1 τροφή

TABLE III. Use of AAF in patients requiring multiple food eliminations

Author Type of study Number recruited Patient characteristic Number of foods eliminated

Hill et al20 Prospective study: all patients
on AAF but challenged
with parental choice of
either EHF casein/whey
or soya formula. The
challenge sequence was
randomized and blinded.
Confirmation of CMPA
through challenges not
mentioned

18 were randomly
challenged to EHF
or soya

Median age, 7.5 mo
(range, 3-14 mo)

Children with suspected
noneIgE-mediated
CMPA that stabilized
on AAF

All children were referred with
delayed reactions but 7 of
18 had positive SPT result/
specific IgE to a
combination of milk, egg,
and nuts (although many
had not been exposed).

Adverse delayed reactions
were reported to other foods
including rice, wheat, and
chicken in most children

Isolauri et al6 Randomized controlled
prospective follow-up
study.

CMPA confirmed through
double-blind challenge

22 EHF
23 AAF

Mean age of 6 mo. All had
eczema diagnosed by
Hanifen criteria.

49% had positive SPT result
to CM and 58% had
positive patch test results
to CM. Mixed IgE- and
noneIgE-mediated
allergy

On the basis of clinical
symptoms, none of the
children from either group
were consuming egg.

No intake of wheat, barley,
rye, and oats for 68% in the
EHF group and 65% in the
AAF group, as well as
restrictions on various fruits
and vegetables in 31% of
the children in the EHF
group and 26% in the AAF
group

Sicherer et al45 Prospective nonrandomized
study. Diagnosis
confirmed in 4 ways:

(1) positive double-blind,
placebo-controlled food
challenge with CM, (2)
a convincing history of
acute, severe reaction
after accidental ingestion
with a positive test result
for IgE antibody, (3)
convincing history of a
reaction with CM-specific
IgE concentration of >31
kU/L, and (4)
documentation of
eosinophilic infiltration

31, of which 23 were
already on AAF and
13 of 23 did not tolerate
an EHF.

18 of 31 agreed to switch
to new AAF

Median age, 23.3 mo
(range, 6 mo-17.5 y)

Blinded oral food challenge
to AAF. IgE-mediated
allergy

29 of 31 children in this study
had >1 food allergy. 14 of
31 had !3 food allergies
(all tolerated an AAF).

Allergy to other foods
included the following:
Soy, 19 of 31
Egg, 16 of 31
Peanut, 10 of 31
Potato, 4 of 31
Gluten, 3 of 31
Meats, 2 of 31
Rice, 2 of 31
Banana, 1 of 31
Pea, 1 of 31

Sampson et al19 Prospective randomized
double-blind, placebo-
controlled food challenges
to CM, AAF, and EHF

28 recruited
26 included following

challenge (2 developed
tolerance)

Age 11 mo-12 y. IgE-
mediated CMPA
confirmed through
double-blind challenge.
All had SPT performed
to other foods

SPT positive to the following:
Egg ¼ 23 of 28 children
Peanut ¼ 19 of 28
Other nuts ¼ 9 of 28
Soya ¼ 5 of 28
Beef ¼ 2 of 28
Shellfish ¼ 2 of 28From this

cohort 2 reacted to
an EHF

de Boissieu
and Dupont16

Prospective nonrandomized
study. Confirmation of
CMPA through challenges
not mentioned

22 Infants (mean age at
referral to the unit,
4.7 # 3.7 mo).

Predominant gastrointestinal
symptoms and 6 of 22
had AD. Suspected non
eIgE-mediated allergies

9 of 22 were diagnosed as
having only CM, soya,
and EHF allergy and 13
of 22 children had in
addition to the above at
least 4 other food allergies
(outside of CM, soya, and
EHF allergy)

(continued)
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TABLE III. Use of AAF in patients requiring multiple food eliminations

Author Type of study Number recruited Patient characteristic Number of foods eliminated

Hill et al20 Prospective study: all patients
on AAF but challenged
with parental choice of
either EHF casein/whey
or soya formula. The
challenge sequence was
randomized and blinded.
Confirmation of CMPA
through challenges not
mentioned

18 were randomly
challenged to EHF
or soya

Median age, 7.5 mo
(range, 3-14 mo)

Children with suspected
noneIgE-mediated
CMPA that stabilized
on AAF

All children were referred with
delayed reactions but 7 of
18 had positive SPT result/
specific IgE to a
combination of milk, egg,
and nuts (although many
had not been exposed).

Adverse delayed reactions
were reported to other foods
including rice, wheat, and
chicken in most children

Isolauri et al6 Randomized controlled
prospective follow-up
study.

CMPA confirmed through
double-blind challenge

22 EHF
23 AAF

Mean age of 6 mo. All had
eczema diagnosed by
Hanifen criteria.

49% had positive SPT result
to CM and 58% had
positive patch test results
to CM. Mixed IgE- and
noneIgE-mediated
allergy

On the basis of clinical
symptoms, none of the
children from either group
were consuming egg.

No intake of wheat, barley,
rye, and oats for 68% in the
EHF group and 65% in the
AAF group, as well as
restrictions on various fruits
and vegetables in 31% of
the children in the EHF
group and 26% in the AAF
group

Sicherer et al45 Prospective nonrandomized
study. Diagnosis
confirmed in 4 ways:

(1) positive double-blind,
placebo-controlled food
challenge with CM, (2)
a convincing history of
acute, severe reaction
after accidental ingestion
with a positive test result
for IgE antibody, (3)
convincing history of a
reaction with CM-specific
IgE concentration of >31
kU/L, and (4)
documentation of
eosinophilic infiltration

31, of which 23 were
already on AAF and
13 of 23 did not tolerate
an EHF.

18 of 31 agreed to switch
to new AAF

Median age, 23.3 mo
(range, 6 mo-17.5 y)

Blinded oral food challenge
to AAF. IgE-mediated
allergy

29 of 31 children in this study
had >1 food allergy. 14 of
31 had !3 food allergies
(all tolerated an AAF).

Allergy to other foods
included the following:
Soy, 19 of 31
Egg, 16 of 31
Peanut, 10 of 31
Potato, 4 of 31
Gluten, 3 of 31
Meats, 2 of 31
Rice, 2 of 31
Banana, 1 of 31
Pea, 1 of 31

Sampson et al19 Prospective randomized
double-blind, placebo-
controlled food challenges
to CM, AAF, and EHF

28 recruited
26 included following

challenge (2 developed
tolerance)

Age 11 mo-12 y. IgE-
mediated CMPA
confirmed through
double-blind challenge.
All had SPT performed
to other foods

SPT positive to the following:
Egg ¼ 23 of 28 children
Peanut ¼ 19 of 28
Other nuts ¼ 9 of 28
Soya ¼ 5 of 28
Beef ¼ 2 of 28
Shellfish ¼ 2 of 28From this

cohort 2 reacted to
an EHF

de Boissieu
and Dupont16

Prospective nonrandomized
study. Confirmation of
CMPA through challenges
not mentioned

22 Infants (mean age at
referral to the unit,
4.7 # 3.7 mo).

Predominant gastrointestinal
symptoms and 6 of 22
had AD. Suspected non
eIgE-mediated allergies

9 of 22 were diagnosed as
having only CM, soya,
and EHF allergy and 13
of 22 children had in
addition to the above at
least 4 other food allergies
(outside of CM, soya, and
EHF allergy)

(continued)

J ALLERGY CLIN IMMUNOL PRACT
MONTH 2017

8 MEYER ETAL Πολυτροφική ευαισθητοποίηση:           
με αποχή σε > 3 τροφές —>                          

μεγαλύτερη καθυστέρηση αύξησης



Clinical Commentary Review

When Should Infants with Cow’s Milk Protein
Allergy Use an Amino Acid Formula? A Practical
Guide

Rosan Meyer, PhDa, Marion Groetch, MScb, and Carina Venter, PhDc London, United Kingdom; New York, NY; and

Denver, Colo

Cow’s milk protein allergy (CMPA) is the most common food
allergy in childhood and its prevalence ranges between 1.9% and
4.9%. Most children present with CMPA at age less than 1 year
and therefore may require a hypoallergenic formula in the
absence of breast milk. Hypoallergenic formulas include both
extensively hydrolyzed formula (EHF) and amino acid formula
(AAF). For most children with a CMPA, an EHF will be
sufficient for symptom resolution, as reflected in current
guidelines, but there is a subset of children with CMPA where an
AAF may be indicated. The appropriate use of an AAF is a highly
debated topic, because there is a significant fiscal burden to
either the health care system or the parents. From the literature,
the following themes were identified as possible reasons for
choosing an AAF: (1) symptoms not fully resolved on EHF, (2)
faltering growth/failure to thrive, (3) multiple food eliminations,
(4) severe complex gastrointestinal food allergies, (5)
eosinophilic esophagitis, (6) food proteineinduced enterocolitis
syndrome, (7) severe eczema, and (8) symptoms while breast-
feeding. Each of these themes was critically reviewed using all
available published data and found that using an AAF in height
growth faltering may be indicated. In addition, patients who end
up on an AAF often present with multisystem involvement,
requiring multiple food eliminations and fall within the more
severe spectrum of gastrointestinal allergies. In eosinophilic
esophagitis, all current recommendations support the use of an
AAF as first-line approach, and in children with anaphylaxis,
despite limited evidence an AAF is recommended because of the
potential risk for a severe reaction. The use of an AAF in children
who are breast-fed remains a highly controversial topic and at all
times breast-feeding should be supported in children with
CMPA. This article provides a practical guide that is evidence

based for health care professionals to the use of AAF. ! 2017
Published by Elsevier Inc. on behalf of the American Academy of
Allergy, Asthma & Immunology (J Allergy Clin Immunol Pract
2017;-:---)

Key words: Amino acid formula; Cow’s milk protein allergy;
Indications; Review

INTRODUCTION
Published data indicate that there appears to be an increase in

the prevalence of food allergies, with recent figures from some
developed countries pointing toward a prevalence of 10%.1 The
most common food allergens in childhood include cow’s milk,
hen’s egg, nuts, soya, wheat, and fish,2 but cow’s milk protein
allergy (CMPA) remains the most common worldwide presen-
tation of food allergy, with a prevalence ranging between 1.9%
and 4.9%.3 Most children present with CMPA at age less than 1
year, which is the time when nutritional reliance on breast milk
or cow’s milk formula is the highest. If breast milk is not
available, a hypoallergenic formula is required, which is highly
controlled for nutritional content and tolerance in infants allergic
to cow’s milk. By definition, hypoallergenic formulas are toler-
ated by 90% of children with CMPA with a 95% CI and are
divided according to the degree of protein hydrolysis: extensively
hydrolyzed formula (EHF), which contains short peptides (most
below 1500 Da), and amino acid formula (AAF), which provides
protein in the form of amino acids.4 Studies have shown that
between 2% and 18% (average 10%) of children with the
immediate-type, IgE-mediated CMPA continue to react to an
EHF.5-7 Therefore, for most children with CMPA, an EHF will
be sufficient for symptom resolution, as reflected in current
guidelines, but there is a subset of children with CMPA where an
AAF may be indicated.8,9

The appropriate use of an AAF is a highly debated topic,
because there is a significant fiscal burden to either the health
care system or the parents, with AAF costing on average 40%
more than EHF in both the United Kingdom and the United
States. Understandably this cost will vary between countries,
different brands, and local contracts.10 Many insurance com-
panies or health care authorities will not cover the cost of
hypoallergenic formulas, especially after the child reaches the age
of 12 months. In addition to the cost associated with AAF, other
considerations in the debate around the appropriate use of AAF
include tolerance induction, optimal growth, and patient safety.
There is paucity of data on the impact of hypoallergenic formulas
on quality of life, but a survey by Lozinsky et al11 found
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reaction receive a hospital- based challenge to an EHF. Because
this is not a feasible recommendation for many allergy centers,88

most consensus guidelines have erred on the side of caution and
have recommended AAF as first-line formula in children with
confirmed cow’s milkeinduced anaphylaxis.3,8,9,14

Limitations of current studies investigation of the
use of AAF

There are significant limitations associated with the studies
presented in this review; the most notable is that to date there are

only a few studies that have performed a direct comparison of
AAFs and EHFs and none of them included children with severe
gastrointestinal food allergies, including EoE and FPIES, as well
as set out to compare children on different formulas with mul-
tiple food allergies. In addition, this publication has included
only those studies in which cow’s milk was identified as the main
culprit; many studies however included children with multiple
other food allergies outside of cow’s milk. Although these pub-
lications do give the impression that the change of formula (EHF
to AAF) was the main reason for symptoms improvement, with

TABLE VII. Formulas suggested as first choice by guidelines

Clinical presentation DRACMA3 BSACI Guidelines9 NIAID US Guidelines14 ESPGHAN13,95

Anaphylaxis AAF AAF No specific recommendation AAF
Acute urticaria or

angioedema
EHF EHF No specific recommendation EHF

Atopic eczema/AD EHF EHF No specific recommendation EHF
EoE AAF AAF The NIAID guidelines

acknowledge that trials in
EoE have shown symptom
relief and endoscopic
improvement in almost all
children on AAF/elemental
diet, though no specific
recommendation on
formula choice is made

AAF (as specified by
current ESPGHAN
guidelines on EoE)

Gastroesophageal reflux
disease

EHF EHF No specific recommendation EHF

Cow’s milk proteine
induced enteropathy

EHF EHF unless
severe in which
case AAF

No specific recommendation EHF but AAF if complicated
by faltering growth

FPIES EHF AAF Hypoallergenic formulas are
recommended

EHF

Proctocolitis EHF EHF No specific recommendation EHF
Breast-feeding with ongoing

symptoms (already on
maternal elimination diet)
or requiring a top-up*
formula

No specific
recommendation

AAF No specific recommendation With severe symptoms that
are complicated by growth
faltering, a hypoallergenic
formula up to 2 wk may be
warranted. In many
countries, AAF is used for
diagnostic elimination in
extremely sick exclusively
breast-fed infants.
Although this is not
evidence based, it is aimed
at stabilizing symptoms

DRACMA, Diagnosis and Rational for Action against Cow’s Milk Protein Allergy; NIAID, National Institute of Allergic and Infectious Diseases.
*Top-up formula is where a hypoallergenic formula is required because of insufficient breast milk or the inability to exclusively breast-feed.

TABLE VIII. The overlap in symptoms reported in studies of children who benefited from an AAF over an EHF

Publications Symptoms while breast-fed Severe GI symptoms Growth faltering Multiple allergies AD

Hill et al20 þ þ þ
Sicherer et al45 þ þ
Kaczmarski et al76 þ þ
Isolauri et al6 þ þ þ
de Boissieu and Dupont15 þ þ þ
de Boissieu et al7 þ þ þ
Vanderhoof et al17 þ þ
Lucarelli et al82 þ þ þ

GI, Gastrointestinal.
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Συμπεράσματα (Ι) 

• >15 ομοφωνίες για τη διάγνωση και διαχείριση παιδιών με ΑΓΑ


• Μητρικός θηλασμός με ή χωρίς δίαιτα αποκλεισμού για την θηλάζουσα και 
δίαιτα ελεύθερη γαλακτοκομικών για το βρέφος


• Μη θηλάζοντα βρέφη: 1η επιλογή υποαλλεργιογονική formula (EHF)


• Formula με αμινοξέα (AAF): απαιτείται για ένα υποπληθυσμό με ΑΓΑ



Συμπεράσματα (ΙΙ) 

• Formula με αμινοξέα (AAF): απαιτείται για ένα υποπληθυσμό με ΑΓΑ 

• με επιβεβαιωμένη ΑΓΑ και μερική ή μη ανταπόκριση στη σίτιση με EHF


• ηωσινοφιλική οισοφαγίτιδα


• αναφυλαξία


• ΑΓΑ + EHF + καθυστέρηση αύξησης (με συχνά σύμπλοκη κλινική συνδρομή) 

• σχετικές ενδείξεις: 

• επίμονα συμπτώματα σε θηλάζον με μητέρα σε δίαιτα αποκλεισμού


• σοβαρή ατοπική δερματίτιδα


• FPIES



Συμπεράσματα (ΙΙΙ) 

• Η ΑΓΑ είναι μία σύμπλοκη νοσολογική οντότητα με επιμέρους φαινότυπους


• Η επίμονη / δύσκολη ΑΓΑ επηρεάζει σημαντικά το επίπεδο ζωής παιδιού και οικογένειας


• Η καθυστέρηση στη διάγνωση / αντιμετώπιση και η υπερδιάγνωση της ΑΓΑ έχει σημαντικές 
αρνητικές επιπτώσεις για το παιδί (βραχυπρόθεσμα και μακροπρόθεσμα) 

• Απαραίτητη η αλλαγή στόχευσης για τα υποαλλεργιογονικά γάλατα                    
(αντιμετώπιση —> ανοσοθεραπεία)



Συμπεράσματα (ΙΙΙ) 

• Απαραίτητη η αλλαγή στόχευσης για τα υποαλλεργιογονικά γάλατα                    
(αποφυγή αλλεργικών αντιδράσεων —> ανοσοθεραπεία και επιτάχυνση ανοχής)

FUTURE DIRECTIONS
Our current understanding of the immune mechanisms of food

allergy persistence and resolution is shown in Fig 1. Central to the
forward progress of our field is a better understanding of the
heterogeneity of food allergy, including how immune and clinical
parameters relate to one another. If we understand the immune
basis of the natural resolution of food allergy, we are much
more likely to understand how to interfere with persistent food
allergy. It is not clear whether persistent food allergy is a
phenotype that can encompass different foods. For example, is
persistent milk allergy more similar to peanut allergy than it is
to milk allergy that is outgrown in early childhood? Are there
common features that unite these persistent food allergies, such
as characteristics of the IgE epitopes or antigenic mimicry, that
maintain the IgE response despite careful food avoidance? Does
persistent food allergy, whether to peanut, milk, or egg, share a
common site of sensitization? Do microbial adjuvants
(eg, staphylococcal enterotoxin B) play a role in sensitization in
persistent food allergy?

Local factors in the gastrointestinal tract have remained mostly
inaccessible in our study of human food allergy. There might be
local factors that maintain persistent food allergy. For example,
we know that highly differentiated (pathogenic-effector) TH2
cells acquire responsiveness to innate cytokines, such as thymic
stromal lymphopoietin, IL-33, and IL-25,35 similar to group 2
innate lymphoid cells. Persistence of food-specific IgE can be
maintained by lymphocytes with innate responsiveness that
respond to local increased cytokine production. Can interventions
that target the gastrointestinal tract, such as modern probiotics30

or dietary fiber,26 alter the intestinal immune milieu and interrupt
the maintenance of long-lived IgE? Questions about the

contribution of the gastrointestinal mucosa in patients with food
allergy require a method to noninvasively monitor the status of
the gut.

There might be other clinical parameters that are predictive of
resolution or persistence. For example, we do not know whether
another phenotype of food allergy, threshold of reactivity, is
associated with resolution or persistence. Are subjects with a high
threshold of reactivity more likely to naturally outgrow their food
allergy or caught in a state between allergy and tolerance? Are the
types of allergy manifestations (site or severity) predictive of
persistence or resolution? Lastly, how do we define tolerance,
both clinically and immunologically? Underwhat conditions is an
absence of symptoms synonymous with tolerance? For example,
someone with food-dependent exercise-induced anaphylaxis
would not be considered tolerant, despite the fact that they can
eat the foodwithout symptoms in the absence of cofactors, such as
exercise or alcohol. Is there an immune signature of a healthy
response to foods in someone who was never allergic, and how
does that compare to someone with resolved food allergy?

The barrier to answering all of these open questions is the
establishment of large cohorts in which food allergy and tolerance
are carefully defined and assessed and from which longitudinal
biospecimens are available for application of rigorous immune
monitoring and biomarker discovery. HealthNuts and CoFAR
represent 2 cohorts that havemade significant contributions to our
understanding of food allergy resolution, but fundamental
questions remain to be addressed.
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FIG 1. Immune mechanisms of persistence and resolution of food allergy.
Low allergen-specific IgE levels are associated with and predictive of food
allergy resolution. IgE memory has been shown to be derived not from IgE
plasma cells but from IgG1

1 memory cells bearing the markers CD73 and
CD80. Allergen-specific T-cell responses associated with food allergy are
TH2 biased, with IL-10–producing Treg cells associated with natural
resolution of food allergy. It is not known how or whether follicular helper
T cells contribute to maintenance of IgE memory. Persistent food allergy is
associated with increased inflammatory responsiveness to Toll-like
receptor stimuli by the myeloid compartment, pointing to a role for innate
immunity in persistence. The innate immune system responds to cues from
the microbiota, which also differs in composition between patients with
persistent and resolved food allergy.
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Οι επιλογές στην Ελλάδα 
 
 

-

Allernova



	
	

Alfamino Neocate LCP Aminova 

Ενέργεια (kcal) 70 71 72 

Πρωτείνη  (gr/100ml) 1,9 1,9 1,9 

Λακτόζη % 

Οσµωτικότητα mosm/l 300 310 331 

Νουκλεοτίδια 0 3,4 0 

LC PUFAs 

MCTs 25 8 

Δοµηµένα Λιπίδια 4,5% 

Υδατάνθρακες 
 

Πολυµερή 
Γλυκόζης 

Πολυµερή 
Γλυκόζης 

 

Άµυλο 
Καλαµποκιού 

 

1:11:1?





Γάλατα με ελεύθερα αμινοξέα (στοιχειακή formula) στη χώρα μας 

• Alfamino (Nestle)


• Aminova (Novalac)


• Neocate (Nutricia)

Που είναι κλινικά αποδεδειγμένο 
ότι βοηθά στην αποκατάσταση 
του εντερικού μικροβιώματος
των αλλεργικών βρεφών πλησίον 
σε αυτό των υγιών βρεφών που 
θηλάζουν! 

Κατάλληλη για βρέφη 0-12 μηνών

Η πρώτη και μόνη στοιχειακή φόρμουλα 
με συνβιοτικά!

Διαχείριση σοβαρής αλλεργίας στο γάλα αγελάδας


