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Clinical effectiveness of amino acid formula
in infants with severe atopic dermatitis and
cow’s-milk protein allergy
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a b s t r a c t

Introduction: The incidences of food allergies and related allergic diseases have been

increasing in the recent years. Objective: The aim of this study is to evaluate clinical

effectiveness of dietary intervention with amino acid-based formula (AAF) containing

100% free amino acids in the management of severe CMP allergy and atopic dermatitis

(AD). Material and methods: Thirty infants aged from 29 days to 11 months with severe

AD (Eczema Area and Severity Index [EASI] score >18) and confirmed CMP allergy were

enrolled into the study. Twenty two patients have completed the study. The evaluation

AAF’s clinical effectiveness was carried out on the 7th, 14th and 28th day after reaching

the full daily feeding volume. Results: In infants with severe AD (EASI score >18) the

involvement of several organs and systems into the pathological process was typical:

i.e. in 68% of the cases the skin symptoms were combined with the impaired function of

the gastrointestinal tract and changes in the frequency of bowel movement (constipa-

tion, diarrhea), appearance of pathological admixtures in feces (mucus, blood), vomiting,

etc. Feeding with AAF was associated with reliable reduction of severity not only of

isolated skin (98%) but of combined skin and gastrointestinal manifestations of food

allergy (82% of the cases). The formula was well tolerated by infants with severe AD and

may be used for exclusive feeding of babies with severe CMP allergy. Conclusions: The
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described positive treatment effects were obtained with the diet duration of 4 weeks, the

optimal period for the elemental diet administration needs further investigation.

© 2016 Polish Pediatric Society. Published by Elsevier Sp. z o.o. All rights reserved.
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Introduction

The incidences of food allergies and related allergic diseases
have been increasing in the recent years. This is especially
noticeable in developed countries in families with high
socioeconomic status [1]. Clinical symptoms of allergic
reactions which are mainly related to the peculiarities of
nutrition could already be observed in infancy [2].

Food allergy in infants and toddlers is mainly represen-
ted by immunological response to one or more cow’s milk
proteins (CMP) [3]. Its exact prevalence in infants is unk-
nown, approximately ranging from 2 to 6% [4–6]. Clinical
manifestations of CMP allergy decrease or disappear at the
end of the first year in almost half of the affected children,
and in nearly 80% of the cases within the first 3 years of life
[7, 8].

According to Emilia-Romagna working group on Allergo-
logy and the Working Group on Children’s Gastroenterology
(EWGPAG), CMP allergy occurs in 2–6% of children with the
greatest prevalence during the first year of life [6]. Austra-
lian scientists reported that CMP allergy is manifested in 2%
of young children [4]. According to recent studies in Japan,
the prevalence of allergy to CMP is 0.2% in newborns and
0.35% in preterm babies with birth weight less than 1000 g
[9]. Most of the authors estimate the prevalence of CMP
allergy in infants and toddlers at the level of 5–8%, in adults
– 1–2% [10–12]. According to American authors, among the
28% of young children with the likely clinical manifestations
of food allergy, controlled oral food challenge confirmed the
diagnosis of CMP allergy only in 8% of the cases [13].

Epidemiological data on the incidence of CMP allergy,
confirmed with controlled oral food challenge, are mainly
based on the following five studies:
1. In Denmark, 1749 children of the first year of life – 2.2%

[14].
2. In Finland, 6209 babies aged less than 15 months – 1.9%

[15].
3. In Norway, 193 preterm babies and 416 term infants

under the age of 6 months – 4.9% [16].
4. In the UK, 969 infants – 2.16% [17].
5. In the Netherlands, 1158 infants – 2.24% [18].

Epidemiological data on the incidence of CMP allergy in
Ukraine require clarifications and additional studies.

According to the pooled data, CMP allergy is clinically
manifested by skin symptoms in 5–90% of the cases, gastro-
intestinal symptoms – in 60%, respiratory symptoms – in
19–30% and anaphylaxis – in 0.8–9% of the cases [19].
Clinical symptoms of CMP allergy vary from mild to mode-
rate and severe.

Analysis of etiological spectrum of food allergies in
infants and toddlers indicates that CMP belongs to one of
three major allergens, but in all the countries where
researches were carried out, CMP was the second leading
cause of food allergy after egg allergens [19]. Peanut aller-
gens (the United States, Switzerland), wheat (Germany,
Japan), fish (Spain) or sesame (Israel) placed third among
the major allergens.

However, despite the fact that CMP allergy is not the most
common type of food allergy, it represents a significant
problem because we cannot simply eliminate milk from the
infant’s diet like we do it with any other cause-significant
allergen in the case of food allergy of another origin or in the
early treatment of any other allergic disease.

Infancy is characterized by the highest rates of physical
and psychomotor development. Such intensive plastic pro-
cesses require an appropriate supply of energy, food ingre-
dients, biologically active substances, the need for which is
the greatest (per kg of body weight) compared to all other
periods of child development. The said intensive develop-
ment occurs on the background of functional immaturity of
the main enzymatic systems of the gastrointestinal tract
and under the conditions of evolutionary formed exclusively
lactotrophic nutrition. Elimination of milk from infant’s diet
is not an issue, but another question is what should be fed
to the baby? Only milk or dairy products contain all the
necessary nutrients, and only milk is a proper physiological
product for baby’s first months of life.

On the other hand, if we do not eliminate a cause-
significant allergen, sensitization will increase with the likely
formation of severe forms of allergic diseases. CMP is the
first food allergen to which all bottle-fed infants and many
breastfed infants are exposed. So called ‘atopic march’ begins
from CMP allergy with gradual extension of the sensitization
range and change of the target organ: AD, bronchial asthma,
allergic rhinitis. Not only the infant’s physical growth and
anatomical–physiological properties of all organs and sys-
tems, but a whole scenario of atopic march development
throughout life depend on physician’s competency in the
management of a patient demonstrating the first clinical
signs of sensitization to CMP with the possibility of its
modification and improvement of the prognosis.

For several decades scientists have worked on the
problem of CMP allergy during infancy. The evidence for this
is not only hundreds of publications and creation of the
new feeding products – that is, milk formulas with extensi-
vely hydrolyzed protein, but first of all in the development
of International Guidelines devoted to CMP allergy. There
are no such separate guidelines for any other allergen. On
the other hand, CMP allergy guidelines cover the specific
allergy issue, not a particular disease, which indicates
exceptional global importance of the problem. The key
guidelines created on the basis of evidence-based medicine
and reflecting the achievements in solving the said problem
are as follows: ‘Diagnostic Approach and Management of
Cow’s-Milk Protein Allergy in Infants and Children: ESPG-
HAN GI Committee Practical Guidelines’ (2012) [20], ‘World
Allergy Organization (WAO) Diagnosis and Rationale for
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Action against Cow’s Milk Allergy (DRACMA) Guidelines’
(2010) [19], ‘Guidelines for the Diagnosis and Management of
Food Allergy in the United States: Report of the NIAID-
Sponsored Expert Panel’ (2010) [5], ‘Management of cow’s
milk protein allergy in infants and young children: an expert
panel perspective’ (2009) [4], ‘EWGPAG. Cow’s milk protein
allergy in children: a practical guide’ (2010) [6]. It should be
emphasized that this problem has also been studied and
discussed in Ukraine. The results of these studies were laid
down in ‘Clinical recommendations on management food
allergy to cow’s milk protein’ approved at an open interna-
tional Congress of Pediatric Gastroenterologists and Nutri-
ciologists of Ukraine (Lviv, 2012) [21].

The recommendations of the current guidelines are
clearly the same: if CMP allergy is diagnosed, the elimina-
tion of the causal allergen is mandatory. But we cannot
simply remove CMP from the infant’s diet – we have to
change it as a whole. The best replacement of regular infant
formula containing CMP is only a formula with extensively
hydrolyzed CMP (EHF) or an amino acid-based formula
(AAF). In most cases EHF is effective in the treatment of the
diseases with CMP allergy in their pathogenesis [19, 20].
Nevertheless, in some patients this type of formula is
ineffective. Such patients usually have the most severe
forms of the disease with continuous recurrent course and
development of immunopathological reactions even in spite
of feeding with special EHF. The only way to help such
babies is to use AAF. This type of special care formulas only
recently has become available for Ukrainian children.

Despite the relatively long history of AAF’s use in the
developed world, there are still many unresolved scientific
and practical issues. From the scientific point of view the
effectiveness of the AAF in the management of severe AD
requires further investigation because only a few collective
studies devoted to this issue have been carried out so far.
From the practical standpoint, it is vital to provide Ukrai-
nian pediatricians and pediatric allergologists with an expe-
rience of the formula use in our circumstances.

Aim of the study

The aim of the study is to evaluate the clinical effectiveness
of the amino acid-based formula (AAF) in infants with severe
atopic dermatitis (AD) and cow’s-milk protein (CMP) allergy.

Material and methods

Thirty formula-fed infants aged from 29 days to 11 months
with severe AD and confirmed CMP allergy (an open
controlled food challenge) were enrolled into a prospective
multicenter study. The diagnosis AD was done according
Ukrainian recommendations, based on Hanifin, Rajka crite-
ria [22, 23]. An open controlled food challenge was perfor-
med under the standard procedure [19, 24]. In 5 of the
children (17%) the lack of effect from the previous diet with
EHF had been reported.

The study inclusion criteria were as follows: AD severity
based on Eczema Area and Severity Index (EASI) score >18,
medical history data suggesting the development of CMP
allergy, positive result of an open controlled food challenge
and an informed consent of both parents [25]. The exclusion
criteria were the following: the presence of AD complica-
tions (bacterial, fungal infections of the skin, lymphadeno-
pathy, etc.), congenital anomalies, any chronic disease
(including primary immunodeficiency syndrome, disorders
of metabolism) or acute illness; use of any other food
products apart from the AAF or the need for treatment with
systemic corticosteroids. Twenty two infants completed the
study, having been fed with AAF for 4 weeks. Eight babies
were excluded from the study because of the failure to
comply with the study protocol requirements. The study
involved four centers of Ukraine (Kyiv, Lviv, Kharkiv and
Zaporizhzhya).

In the course of the study all the infants were fed with
the special AAF ‘Nutrilon Amino’ (Nutricia, Holland) which
contains 100% free amino acids and is designed for ade-
quate infant nutrition from birth. The formula was adminis-
tered gradually, reaching 100% of the daily volume for
3 days. After that the AAF was administered during 4 weeks
in an amount that corresponded to the infants’ needs. The
evaluation of clinical effectiveness of the diet was carried
out on the 7th, 14th, and 28th day after reaching the full
daily volume of the formula according to the predefined
evaluation criteria. An open controlled food challenge with
the EHF ‘Nutrilon Pepti’ (Nutricia, Holland), containing
extensively hydrolyzed whey protein, was performed on the
28th day after reaching the full daily volume of the AAF
with the evaluation of immediate type (for 2 h after the
completion of the challenge under medical observation) and
delayed type (after 72 h – on the 31st study day) of immune
reactions. An open controlled oral food challenge with EHF
was performed under the procedure, used for challenge with
cow’s milk.

Six medical investigations which, along with
a comprehensive physical assessment, involved an evalua-
tion of the growth parameters, severity of AD, the effective-
ness of dietary interventions and the results of the food
challenge were carried out during the study period.

The severity of AD was evaluated with the EASI and
SCORAD scores. The degree of skin symptoms severity was
estimated in the area of maximum impact. The overall
effectiveness of dietary interventions was estimated with
a special 10-point subjective analog scale (0 – lack of the
effect, 10 – maximum effect) separately, according to
doctor’s and parents’ opinions. Parents assessed the effecti-
veness of the dietary interventions (disappearance of gas-
trointestinal symptoms, alleviation of skin symptoms, etc.)
once a week. A doctor recorded the result of parental
evaluation into an observation diary, which was filled
during the visit. Doctors also simultaneously assessed the
effectiveness of the treatment of all infants every time they
visited with the same 10-point scale.

Infants’ growth was evaluated with the WHO growth
curves [26].

The local therapy of severe dermatitis included topical
corticosteroids class I–III of activity administered in accor-
dance with clinical indications and age restrictions, as well
as appropriate moisturizing agents. The areas of secondary



Table I – The characteristics of the infants involved into
the study

Parameter Value

Number of boys/girls 13/9
Birth weight, g 3458.64 (464.064)a

Birth length, cm 52.14 (2.38)a

Duration of breastfeeding, days 6 [2, 12]b

Age at the disease onset, weeks 4.5 [4.0; 9.0]
Age at the beginning of the study, months 5 [3; 9]
Increased specific serum IgE 9 (41)c

a Mean (SD).
b Median value (interquartile range).
c The number of cases (%).
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Fig. 1 – Changes of weight and length in infants during the
study
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infection were cured. In the presence of severe exacerba-
tions and the localization of the lesion on the skin of trunk
and limbs initial treatment was carried out with third class
topical corticosteroids. Sensitive skin areas (neck, folds etc.)
were cured with class I corticosteroids. In the case of
localization of the lesion on the skin of trunk and limbs
topical corticosteroids class I–II were used. Infants involved
into the study did not receive prolonged systemic therapy
with corticosteroids. Antihistamine medications were used
as indicated.

Statistical analysis

The standard methods of descriptive, one group nonpara-
metric comparison statistics and correlation analysis were
used as appropriate. The data with normal distribution are
presented as a mean value (SD), in the case of nonparame-
tric distribution the data are presented as a median value
[interquartile range]. The changes of the 10-point scale score
were evaluated with nonparametric Wilcoxon matched pairs
test. The differences were considered statistically significant
if the alpha-error was less than 5% (p < 0.05).

Results

According to the criteria of study enrollment all the 22
infants (13 boys and 9 girls) were born on term with normal
birth weight and length (average birth weight was 3458.64
(464.064) g and birth length – 52.14 (2.38) cm). Apgar scores
in the all patients were above 7. Most of the infants (19–
86%) were attached to maternal breast within the first hour
of life.

Most of the infants’ mothers involved into the study had
higher (13–59%) or incomplete higher (3–14%) education. As
for fathers, the percentage was 55% and 5% respectively.
Seven fathers (32%) had secondary vocational education.
Most of the mothers (15–8%) at the time of the study were
on maternity leave, two (9%) continue their education and
two (9%) worked. Most of the fathers (19–86%) worked.

Four children (18%) were born after complicated pregnan-
cies. The course of labor and delivery was complicated in
three cases (14%), five infants (23%) were born with cesarean
section. Eight (36%) mothers and seven (32%) fathers had
complicated allergic history. In one case both parents
had allergic symptoms in the past. Four (18%) mothers
followed the elimination diet during pregnancy. Infants had
been breastfed, on average, for 6 [2, 12] days (Table I).

The first skin signs of AD appeared in an average age of
4.5 weeks. The onset of AD was often associated with the
beginning of formula feeding (11 cases – 50%) or consump-
tion by mothers who breastfed their babies, of potentially
allergic food (9 cases – 41%). In nine children (41%) the
presence of allergic disease has been initially suggested by
the increased concentrations of specific and total serum IgE
(Table I).

In most of the cases the disease has been characterized
by continuous recurrent course and insufficient efficiency
of the diet and the other treatment measures. Before
enrollment into the study five infants (22%) received EHF,
ten (45%) were fed with hypoallergenic formula containing
only partially hydrolyzed protein and seven (33%) were fed
with standard infant formula. Four infants (18%) were
treated with class II topical corticosteroids and seven
patients (32%) with class III corticosteroids. Anti-inflamma-
tory therapy with other medications was carried out in
seven infants (32%). Moisturizing agents were used in the all
patients. Most children also received antihistamine and
probiotic preparations (16 cases – 73%), 17 patients (77%) –

enterosorbents, 10 patients (45%) – enzymes, and 6 patients
(27%) – hepatoprotectors.

Treatment with the AAF was initiated at the infants’ age
of 5.5 (2.3) months. Severity of AD based on average EASI
score at this point was 34.49 (13.59).

Administration of the AAF was satisfactory tolerated by
the majority of patients, however, it caused vomiting in one
child (5%), was accompanied by symptoms of diarrhea in
5 (23%) infants, constipation – in 8 (36%), and appearance of
mucous admixtures in feces of 4 children (18%).

At the same time, with an introduction of the new diet
positive changes in growth parameters were seen almost in
all patients (Fig. 1). Average monthly increments of body
weight and length in infants included into the study were
500 (300; 700) g and 1.0 (1.0; 3.0) cm respectively. Only in
3 patients with very severe AD weight increased only by 50–
150 g, and in other two infants, during the study period
length increased by 0.4 cm and 0.5 cm.

At the end of the study no child had weight or length
deficit for their age taking into account the appropriate Z-
indexes. At the same time, unlike the weight Z-indexes
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which unchanged or increased in all but one infant (Fig. 2),
the Z-indexes for length in 9 infants (41%) decreased (Fig. 3)
but nonetheless did not exceed the normal limits. There
was no reliable correlation between AD severity based on
Fig. 4 – Changing in severity of AD during the study perio
the EASI/SCORAD scores at any point of the study with
weight or length changes in the course of the study period.

Already in one week after the administration of the AAF
in its full daily volume the reliable decline of the EASI and
SCORAD scores was detected (from 32.16 (12.6) to 14.98
(9.92), p < 0.001, and from 71.23 (11.43) to 47.086 (16.76),
p < 0.001, respectively). By the end of 28-day treatment
course the scores fell to 1.46 (1.31) and 14.18 (6.17) respecti-
vely (Fig. 4).

At the onset of the study, in addition to skin lesions
6 (27%) infants had symptoms of diarrhea without increase
in body temperature, 5 (23%) – vomiting, 7 (32%) – constipa-
tion and 8 (36%) – intestinal colic. Nine infants (41%) had at
least one of the problems, three (14%) – 2 problems, three
(14%) – 3 problems, and 7 patients (32%) had no gastrointes-
tinal disorders.

After 28 days of feeding with AAF in its full daily volume
only one child (5%) still had intermittent vomiting (not more
than 2 times during the last week) and three infants (14%)
had signs of constipation. Eighteen patients (82%) had no
gastrointestinal disorders.

According to the results of correlation analysis, the initial
severity of AD determined with the EASI and SCORAD scores
on the day of reaching a full daily AAF volume, was not
reliably associated with manifestations and severity of
gastrointestinal symptoms. However, the severity of AD
defined with the EASI scores after 7 special diet days was
significantly associated with presence and severity of diarr-
hea (R = 0.36; p < 0.05) and vomiting (R = 0.48; p < 0.05),
as well as with parental (R = �0.77; p < 0.05) and medical
(R = �0.61; p < 0.05) estimates of overall effectiveness of the
diet at that point.

The severity of AD defined with the SCORAD scores at
the same visit (after 7 special diet days) reliably correlated
with the presence and severity of constipation (R = 0.43;
p < 0.05), vomiting (R = 0.48; p < 0.05) as well as with the
parents’ evaluation of the diet effectiveness (R = �0.46;
p < 0.05). Infants with more severe AD following the 7-day
diet were more likely to continue vomiting (R = 0.36;
d based on the EASI and SCORAD scores (p < 0.0001)



Fig. 5 – Evaluation of clinical effectiveness of the dietary
interventions by parents (p < 0.001) and doctors (p < 0.01)
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p < 0.05), less likely to have constipation (R = �0.41; p < 0.05)
and more often were considered by doctors as having
positive changes after 28 days of the treatment (R = 0.45;
p < 0.05). Obvious reduction of the cutaneous lesions and
relief of gastrointestinal symptoms was similarly noted by
both groups of respondents: parents and doctors (Fig. 5).

After the completion of the treatment course with the
special diet, positive immediate or delayed type of immune
reactions to the open oral food challenge with the EHF
formula were observed in three infants (14%), making it
mandatory to resume feeding with the AAF.

Discussion

As a result of the study we have determined that the
administration of amino acid-based formula “Nutrilon
Amino” which contains 100% free amino acids to infants with
severe AD was associated with reliable reduction of severity
not only of isolated cutaneous (98%), but of combined
cutaneous and gastrointestinal manifestations of food allergy
as well (82% of the cases).

The obtained data are consistent with the results of
other clinical studies. In one of those studies, sixteen
infants aged 1–16 months who had adverse reactions to
CMP and AD symptoms, were prescribed AAF for approxi-
mately 1.5 months. In thirteen infants, feeding with AAF
induced the disappearance of non-cutaneous symptoms
within 3 days and improved eczema (SCORAD: 16 (2) vs 35
(3); p < 0.05). All these infants gained weight and an increase
in the body weight index at the end of the treatment period
was statistically significant [27].

In another study [28] 73 infants with AD (aged 5.7
months on average) were randomly assigned to receive AAF
(n = 31) or EHF (n = 42). A significant improvement was
observed in SCORAD in the both groups from a mean value
of 24.6 at entry to mean value of 10.7 (p < 0.0001) after
6 months. In the AAF group there was a significant increase
in the length SD score (p < 0.04) despite similar energy
intakes, whilst there was no difference in the EHF group.

Over the past 25 years useful experience of AAF use in
infants with allergic diseases, including gastrointestinal
manifestations of multiple food protein allergy/intolerance
and ineffectiveness of EHFs, has been accumulated in many
European countries. The positive effect of AAFs was descri-
bed in studies of Vanderhoof et al. [29], Hill et al. [30, 31]
Estep and Kulczycki [32] and others.

Our data as well as the findings of other clinical studies
allow us to recommend the inclusion of AAFs into the diet
of infants with severe food allergies, including but not
limited to AD and allergic gastrointestinal disorders.

Conclusions

This study was the first in Ukraine to investigate the
effectiveness of AAF in infants with severe AD and CMP
allergy. The obtained results allow to optimize the approa-
ches to complex treatment of this severe disease in infants
amid the growing ineffectiveness of traditionally available
diets with formulas containing extensively hydrolyzed pro-
tein.

For infants with severe AD (EASI score >18) the involve-
ment of several organs and systems into the pathological
process is typical: in 68% of our cases the cutaneous
symptoms were combined with disorders of the gastrointes-
tinal tract such as changes in the frequency of bowel
movement (constipation, diarrhea), appearance of pathologi-
cal admixtures in excrements (mucus, blood), vomiting, etc.

The administration of amino acid-based formula ‘Nutri-
lon Amino’ which contains 100% free amino acids is
associated with reliable reduction of severity not only of
isolated cutaneous (98%), but of combined cutaneous and
gastrointestinal manifestations of food allergy as well (82%
of the cases). The formula was well tolerated by infants with
severe AD and may be used for exclusive feeding of babies
with severe CM allergy. The described positive treatment
effects were obtained through a 4-week diet, but the optimal
period for the elemental diet needs further investigation.

Authors’ contributions/Wkład autorów

SN – study design, data interpretation, acceptance of final
manuscript version. ON – data collection. DD – statistical
analysis, literature search. Others – according to order.

Conflict of interest/Konflikt interesu

None declared.

Financial support/Finansowanie

None declared.

Ethics/Etyka

The work described in this article has been carried out in
accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments invol-



p e d i a t r i a p o l s k a 9 1 ( 2 0 1 6 ) 5 2 1 – 5 2 7 527
ving humans; EU Directive 2010/63/EU for animal experi-
ments; Uniform Requirements for manuscripts submitted to
Biomedical journals.

r e f e r e n c e s / p i �s m i e n n i c t w o

[1] Nedelska SM, Pakholchuk OP, Bessikalo TH. Ratsionalne
kharchuvannia v profilaktytsi ta likuvanni alerhii na yizhu
u ditei Nutrition in the prevention and treatment of
allergies to food in children Sovremennaya Pediatriya
2012;6:113–114.

[2] Nyankovskyy SL, Klimenko WA, Iwanienko OC. Kharchova
alerhia na bilok karoviachovo moloka u ditei rannovo
viku z pozicii likaria-pediattra. Zdorovie Riebienka 2012;41
(6):159–166.

[3] Hill DJ, Firer MA, Shelton MJ, Hosking CS. Manifestations of
milk allergy in infancy: clinical and immunologic findings.
J Pediatr 1986;109:270–276.

[4] Allen K, Davidson G, Day A, Hill D, Kemp A, Peake J, et al.
Management of cow’s milk protein allergy in infants and
young children: an expert panel perspective. J Paediatr
Child Health 2009;45:481–486.

[5] Boyce J, Assa’ad A, Burks A, Jones S, Sampson H, Wood R,
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–S58.

[6] Caffarelli C, Baldi F, Bendandi B, Calzone L, Marani M,
Pasquinelli P. EWGPAG. Cow’s milk protein allergy in
children: a practical guide. Ital J Pediatr 2010;15:36–45.

[7] Wood RA. The natural history of food allergy. Pediatrics
2003;111:1631–1637.

[8] Host A, Halken S, Jacobsen HP, Christensen AE, Herskind
AM, Plesner K. Clinical course of cow’s milk protein allergy/
intolerance and atopic diseases in childhood. Pediatr
Allergy Immunol 2002;13:23–28.

[9] Miyazawa T, Itahashi K, Imai T. Management of neonatal
cow’s milk allergy in high-risk neonates. Pediatr Int
2009;51:544–547.

[10] Brugman E, Meulmeester JF, Spee-van der WA, Beuker RJ,
Radder JJ, Verloove-Vanhorick SP. Prevalence of self-
reported food hypersensitivity among school children in
The Netherlands. Eur J Clin Nutr 1998;52:577–581.

[11] Eggesbo M, Botten G, Halvorsen R, Magnus P. The
prevalence of allergy to egg: a population-based study in
young children. Allergy 2001;56:403–411.

[12] Halmerbauer G, Gartner C, Schierl M, Arshad H, Dean T.
Study on the prevention of allergy in children in Europe
(SPACE): allergic sensitization in children at 1 year of age in
a controlled trial of allergen avoidance from birth. Pediatr
Allergy Immunol 2002;13:47–54.

[13] Bock SA. Prospective appraisal of complaints of adverse
reactions to foods in children during the first three years of
life. Pediatrics 1987;79:683–688.

[14] Høst A, Halken S, Jacobsen HP, Christensen AE, Herskind
AM, Plesner K. Clinical course of cow’s milk protein allergy/
intolerance and atopic diseases in childhood. Pediatr
Allergy Immunol 2002;13(S15):23–28.

[15] Saarinen K, Juntunen-Backman K, Järvenpää A, Kuitunen P,
Lope L, Renlund M, et al. Supplementary feeding in
maternity hospitals and the risk of cow’s milk allergy: a
prospective study of 6209 infants. J Allergy Clin Immunol
1999;104:457–461.
[16] Kvenshagen B, Halvorsen R, Jacobsen M. Adverse reactions
to milk in infants. Acta Paediatr 2008;97:196–200.

[17] Venter C, Pereira B, Grundy J, Clayton CB, Roberts G, Higgins
B, Dean T. Incidence of parentally reported and clinically
diagnosed food hypersensitivity in the first year of life.
J Allergy Clin Immunol 2006;117:1118–1124.

[18] Schrander J, Van Den Bogart J. Cow’s milk protein
intolerance in infants under 1 year of age: a prospective
epidemiological study. Eur J Pediatr 1993;152:640–644.

[19] Fiocchi A, Brozek J, Schünemann H, Bahna SL, von Berg A,
Beyer K, et al., World Allergy Organization (WAO) Special
Committee on Food Allergy. World allergy organization
(WAO) diagnosis and rationale for action against cow’s milk
allergy (DRACMA) guidelines. Pediatr Allergy Immunol
2010;21:1–125.

[20] Koletzko S, Niggemann B, Arato A, Dias JA, Heuschkel R,
Husby S, et al. Diagnostic approach and management of
cow’s-milk protein allergy in infants and children:
ESPGHAN GI Committee Practical Guidelines. JPGN
2012;55:221–229.

[21] Chadrin OG, Nyankovskyy SL, Umanec TR, Klimenko WA,
Dobranskyy DO, Ivahnienko OC, et al. Rekomendacii
shchodo vadiennia ditey iz kharchovoyu aliehiryu do bilka
karoviachovo moloka. Ditayiy Likar 2012;27–42.

[22] Lasica OL, Lasica TC, Nedelska CM. Alerhologia ditachovo
viku. – Kiev: «Kniha plus»; 2004;368c.

[23] Hanifin JM, Rajka G. Diagnostic features of atopic
dermatitis. Ann Dermatol Venereol 1980;92:44–47.

[24] Sporik R, Hill DJ, Hosking CS. Specificity of allergen skin
testing in predicting positive open food challenges to
milk, egg and peanut in children. Clin Exp Allergy
2000;30:1540–1546.

[25] Hanifin JM, Thurston M, Omoto M, Cherill R, Tofte SJ,
Graeber M. The eczema area and severity index (EASI):
assessment of reliability in atopic dermatitis. EASI
Evaluator Group. Exp Dermatol 2001;10:11–18.

[26] WHO child growth standards: growth velocity based on
weight, length and head circumference: methods and
development. World Health Organization; 2009: 262.

[27] de Boissieu D, Matarazzo P, Dupont C. Allergy to extensively
hydrolyzed cow milk proteins in infants: identification and
treatment with an amino acid-based formula. J Pediatr
1997;131:744–747.

[28] Niggemann B, Binder C, Dupont C, Hadji S, Arvola T, Isolauri
E. 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. Pediatr Allergy
Immunol 2001;12:78–82.

[29] Vanderhoof JA, Murray ND, Kaufman SS, Mack DR,
Antonson DL, Corkins MR, et al. Intolerance to protein
hydrolysate infant formulas: an under recognized cause of
gastrointestinal symptoms in infants. J Pediatr
1997;131:741–744.

[30] Hill DJ, Heine RG, Cameron DJ, Francis DE, Bines JE. The
natural history of intolerance to soy and extensively
hydrolyzed formula in infants with multiple food protein
intolerance. J Pediatr 1999;135:118–121.

[31] Estep D, Kulczycki A. Treatment of infant colic with amino
acid-based infant formula: a preliminary study. Acta
Paediatr 2000;89:22–27.

[32] Hill DJ, Heine RG, Cameron DJ, Catto-Smith AG, Chow CW,
Francis DE, et al. Role of food protein intolerance in infants
with persistent distress attributed to reflux esophagitis. J
Pediatr 2000;136:641–647.

http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0165
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0165
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0165
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0165
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0165
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0170
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0170
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0170
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0170
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0175
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0175
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0175
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0180
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0180
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0180
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0180
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0185
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0185
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0185
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0185
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0185
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0190
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0190
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0190
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0195
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0195
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0200
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0200
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0200
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0200
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0205
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0205
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0205
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0210
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0210
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0210
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0210
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0215
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0215
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0215
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0220
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0220
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0220
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0220
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0220
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0225
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0225
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0225
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0230
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0230
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0230
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0230
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0235
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0235
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0235
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0235
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0235
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0240
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0240
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0245
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0245
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0245
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0245
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0250
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0250
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0250
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0255
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0255
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0255
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0255
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0255
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0255
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0260
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0260
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0260
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0260
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0260
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0265
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0265
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0265
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0265
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0270
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0270
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0275
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0275
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0280
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0280
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0280
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0280
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0285
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0285
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0285
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0285
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0290
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0290
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0290
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0290
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0295
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0295
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0295
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0295
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0300
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0300
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0300
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0300
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0300
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0305
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0305
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0305
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0305
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0305
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0310
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0310
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0310
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0310
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0315
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0315
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0315
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0320
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0320
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0320
http://refhub.elsevier.com/S0031-3939(16)30090-7/sbref0320

	Clinical effectiveness of amino acid formula in infants with severe atopic dermatitis and cow's-milk protein allergy
	Introduction
	Aim of the study
	Material and methods
	Statistical analysis
	Results
	Discussion
	Conclusions
	Authors’ contributions/Wkład autorów
	Conflict of interest/Konflikt interesu
	Financial support/Finansowanie
	Ethics/Etyka
	References/Piśmiennictwo


