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ABSTRACT

Aim. Food allergy is an important public
health concern with an increasing prevalence.
The objectives were to determine the possible
association between cow’s milk protein allergy
(CMPA) and 25(0OH)D (vitamin-D) levels of
infants with aninitial diagnosis of CMPA and the
association between 25(OH)D levels and (a) SPT
(skin prick test) induration size, (b) specific IgE
to milk, (c) specific IgE to casein.

Methods. Prospective, observational, case control
study; the study group was composed of children
< 2 years of age with a diagnosis of CMPA
confirmed by an oral food challenge test. Healthy
infants were enrolled as controls. Serum 25(OH)
D levels were obtained at the initial workup in
both groups. The correlation of vitamin-D levels
was investigated in the development of CMPA.
Results. Among the study group of patients
(n:56) 41,1% (n:23) had IgE-mediated and 58,9%
(n:33)had non-IgE-mediated allergies There were
no statistically significant differences between
the CMPA and control groups (n: 55), in terms
of serum 25(0OH)D levels (33.85 + 16.18ng/ml,
30.70 + 14.90ng/ml; respectively, p:0.289). No
statistically significant difference was found
between study and controls according to 25(OH)
D levels (adequate, insufficiency, deficiency;
p=0.099). In the SPT of the CMPA group, a
negative weak correlation without statistical
significance was determined between the
induration diameter of milk antigen and serum
levels of 25(OH)D (p:0,794; r=-0,037).
Conclusions. Nosignificant difference was found
in serum 25 (OH)D levels between infants with
CMPA and healthy controls. Our results do not
support the routine request for 25(OH)D levels
in pediatric age CMPA patients at their initial
workup.
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INTRODUCTION

Food allergies constitute the
majority of allergic reactions in
early childhood. Its prevalence in
the pediatric age group (especially
in patients under the age of 3 years)
is 6 %, in comparison to 3.5-4 % in
the general population.’ The most
frequent causes of food allergies
vary between geographic regions,
population genetics, food cultures in
particular methods of cooking and the
introduction of new foods in infants.”
Cow’s milk protein (CMP), egg, soy,
peanut, and wheat flour are the major
causes (80 %) of food allergies. Cow’s
milk protein allergy (CMPA) is an
important health concern particularly
in the first two years of life and is one
of the most commonly encountered
food allergies.® A possible explanation
for food-related reactions may be
the rise in vitamin-D -25(OH)D-
deficiency at childhood, which is
suggested to be synchronous with
food allergy.*

The first etiological clues
supporting the association between
food allergies and vitamin-D
deficiency arose from the reported
differences in EpiPen (epinephrine
injection, USP) prescriptions between
the northern and southern regions
of United States, suggested to be
due to differences in ultraviolet B
exposure.® The same findings have
been replicated and extended to
anaphylaxis admissions to emergency
departments in different latitudes
of Australia.®* Osborne NJ et al.
reported that the prevalence of both
food allergy and eczema, but not
asthma, is strongly related to the
latitude of residence. Their study
supported the hypothesis that solar
irradiance and its associated effects
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on vitamin-D status might play a role in the
increasing prevalence of food allergy and eczema.
Latitude differences were also shown in food
allergy prevalence studies.” Furthermore, the
seasonal differences in exposure to UV rays were
suggested to contribute to the development of
food allergies in early childhood. Recent studies
have shown that patients with food allergy often
have low levels of ambient UV and consequently
have lower sources of vitamin-D who especially
those born in the autumn/winter period.®’

Vitamin-D deficiency may result in the
breakdown of such defenses as cathelicidins
or mucosal barrier function resulting in
abnormal microbial flora. This could lead to the
development of gastrointestinal tract infections,
as a result of which the immune system could
easily be exposed to food allergens. Therefore
with the breakdown of immune tolerance and
other possible accompanying effects of vitamin-D
deficiency on immune response, it could further
provoke food allergies.'

In this study, we hypothesized that vitamin-D
may have a role in the pathogenesis of CMPA.
Our main objective was to find out the possible
association between 25(OH)D levels and infants
who suffer from CMPA at their initial diagnosis.
The secondary objective was to determine the
association between 25(OH)D levels and (a) SPT
(Skin Prick Test) induration size, (b) specific IgE
to milk, (c) specific IgE to casein.

POPULATION AND METHODS

This case-control study was carried out at
Pediatric Inmunology and Allergy Department
of Dr. Sami Ulus Obstetrics, Children’s Health
and Diseases Training and Research Hospital,
Ankara, Turkey over a one-year period. The trial
was authorized (Approval Number: 223-2013,
http:/ / akeah.gov.tr) by the ethical committee of
clinical research centers’ of the Turkish Ministry
of Health. Written informed consent was obtained
from families of all infants before enrollment to
the study.

The inclusion criteria of the study group
were; infants less than 2 years of age, at their
first admission to the Pediatric Immunology
and Allergy department with suspected CMPA.
Among those 92 infants, 56 were enrolled in
the study group who received the definitive
CMPA diagnosis with the oral food challenge.
The control group (n= 55) were enrolled from
our healthy-child-outpatient unit, from infants
who were admitted for a routine check-up

without an allergic disease history. To ensure
the homogeneity of the groups the seasonal birth
times of the controls were matched to the study
patients. No patient required hospitalization in
the study.

All infants who were known to suffer from
chronic diseases (i.e.; chronic lung disease,
congenital heart disease, chronic kidney disease,
immune deficiency and malnutrition, etc.) and
children who are receiving elimination diet
with suspected CMPA (due to the possibility of
existing vitamin-D deficiency) or who had already
been diagnosed with CMPA were not enrolled to
the study. The study and control groups’ initial
data were collected mainly focusing on these
items: (1) demographic data; (2) serum 25(oh)d,
calcium, phosphorus, alkaline phosphatase,
serum total ige levels, and (3) spt (skin prick test)
results. At the time of the diagnosis all serum
samples were studied with chemiluminescence
immunoassay method for 25(OH)D levels with
the analyzer; SHIMADZU-API LC-MS-API 32000.
As described by Holick et al.,' vitamin-D levels
were considered deficient when 25(OH)D levels
were <20 ng/mL; insufficient 21 to 29 ng/mL; and
sufficient =30 ng/mL.

The SPT were applied directly into the skin
of the back or forearm at regular two centimeter
intervals by stallerpoint (Stallergenes®) with the
antigens of milk, egg yolk, egg white, wheat
flour, cat, potato, negative control and histamine
(ALK, Abello, Copenhagen, Denmark), and
prick to prick fresh milk. As an aeroallergen,
only cat epithelial antigen was used with its
high allergenic activity.”? The test was evaluated
20 minutes later and an induration size of >3 mm
was accepted as positive.

The definitive diagnosis of CMPA was
performed in steps of clinical history, physical
examination and finally oral food challenge test
(OFC) as described previously.’*** Thus in turn to
the whole study group; (1) SPT, (2) Cow’s milk-
specific IgE and casein-specific IgE (for both
parameters a value of > 0,35 kU /L was accepted
as positive; Dr Fooke-Achterrath Laboratorien
GmbH HAbicktweg 16, D41468 Neuss, Germany),
(3) diagnostic elimination diet and finally (4) OFC
was performed. The OFC was contraindicated in
the case of a history of anaphylaxis within one
year which was confirmed by a positive SPT
and/or positive specific IgE result, and also in
infants with malnutrition as a late manifestation
of CMPA. The diagnosis of multiple food
allergy was confirmed by the OFC test to all



308 / Arch Argent Pediatr 2019;117(5):306-313 / Original article

other suspicious foods, in patients with cow’s
milk allergy. Patients who were diagnosed
with CMPA were divided into two subgroups
as already described previously by Allen KJ
et al.;®® Ig E mediated (n=23; 41,1 %) (includes:
urticaria, angioedema, anaphylaxis, wheezing
and conjunctivitis) or non-Ig E mediated (n= 33;
58,9 %) (includes: atopic dermatitis, food
protein-induced enteropathy, enterocolitis and
proctocolitis).

Firstly, study and control groups’” 25(OH)D
levels at the time of diagnosis were compared
and its relationship with CMPA development
was statistically evaluated. Secondly, the
subgroup analysis was performed (IgE and non-
IgE-mediated CMPA subgroups). In this time-
limited study since the seasonal differences
might lead to a bias, the number of children
was equally distributed to the study and control
groups according to the seasons. We initially
calculated the least sample size of individuals
as 92 for the study with 80 % power and at the
p= .05 significance level. SPSS for Windows,
version 15.0 (SPSS, Inc., Chicago, IL) was used for

FIGURE 1. Flowchart of the study

statistical analysis. The one-sample Kolmogorov-
Smirnov test was used to analyze the normality
for continuous variables. The Mann-Whitney U
test was used for comparison of the continuous
variables. Data were described as median (min-
max) and mean + standard deviation, number,
and percentage according to the type of the
variable. For correlation analyses, Spearman’s
correlation analysis test was used.

RESULTS

The flow chart of the study is given in Figure 1
and the demographic and clinical parameters of
the study and control groups are given at Table 1.
There were no significant differences between the
study and control groups due to the independent
risk factors that could possibly have an effect
on vitamin-D levels of infants. Some of those
are; mothers’ clothing style (p: 0,390), the use
of sun protective creams (p: 0,345), duration of
vitamin D supplementation during pregnancy
(p: 0,406) or at infancy (p: 0,545), breastfeeding
time (p: 0,350). As it was expected, CMPA was
more frequently observed in the first child of the

History of patients, Physical Examinations +/- Laboratory Findings (n=92)

Anaphylaxis or Early type reaction (n=27)

| —

¥

Late type reaction >4 hr (n=65)

¥

Diagnostic elimination diet

For gastrointestinal signs (diarrhea, constipation etc.): 2-4 weeks
Milk and casein specific IgE and skin prick test (with milk and other

LR )

) 4 ¥

For early and late reactions (emesis, atopic dermatitis etc.): 1-2 weeks

suspected foods) were performed to all cases (n=23 with positive SPT*)

Start to the elimination diet for the diagnosis and
perform milk and casein spesific IgE and SPT (with milk
and other suspected foods) (n=23 with positive SPT*)

)

| No improvement in symptoms (n=32) H Symptoms have improved (n=33) ‘

Standardized diagnostic single blinded OFCT* was
performed (n=21 with positive OFCT**)

¥ ¥

(2 cases were excluded due to anaphylaxy history with
positive SPT and milk and/or casein specific IgE )

Do not continue elimination diet, Standardized diagnostic single

(suspicion of another food)

(n=33 with positive OFCT**)

blinded OFCT** was performed

8 )

‘ Continue to elimination diet for the treatment |

=

Continue to elimination diet for the treatment ‘

*SPT: skin prick test; **OFCT: oral food challenge test.
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families of the study group (p: 0.003) (Table 1).
There were no significant statistical differences
between the CMPA and control groups, in
terms of initial diagnostic serum 25(OH)D
levels (33.85 + 16.18 ng/ml, 30.70 + 14.90 ng/ml
respectively; p= 0.289). In addition, no statistically
significant difference was found among the groups
in regard to serum calcium, phosphorus, and
alkaline phosphatase levels (p= 0.403, p= 0.300,
and p= 0.369; respectively) (Table 2). Both groups’
25(0OH)D vitamin level classifications are given at

Table 3. No statistically significant difference was
found between the CMPA and control groups
in terms of the vitamin-D classification system
(p=0.099) (Table 3).

The diagnosis of patients, of the CMPA group,
was mostly constituted of infants with atopic
dermatitis (n: 27, 48 %). This was followed by
23 patients (41,1 %) who had IgE mediated
diseases (urticaria, angioedema, anaphylaxis,
wheezing and conjunctivitis). No statistically
significant differences were found between the

TaBLE 1. The demographic characteristics and clinical parameters of the study

CMPA group Control group P-value
(n=56) (n=55)
Age (months) [Mean + SD] 7,25 + 3,92 7,82 £4,20 0,463
Gender (n, %)

Girl 24 (42,9) 19 (34,5)

Boy 32(57,1) 36 (65,5) 0,369
Child birth order [Median] 1 2 0,003
Gestastional age (n, %)

Term birth 51 (91) 54 (98,2)

Premature birth 5(8,9) 1(1,8) 0,098
Mother’sage at birth (years)

Mean + SD 27,63 + 4,79 26,82 £ 5,12 0,393
Vitamin supplementation duration in pregnancy (months)

Mean + SD 5,42 +2,11 5,00 +1,82 0,406
The initiation of vitamin-D supplement at infancy
(month) (400 IU/day)

Median (min-max) 1(1-6) 1 (1-10) 0,645
Vitamin D support duration at infancy (months)

Mean + SD 5,58 +4,16 6,06 £ 3,80 0,545
Child’s first 6 months nutrition (n, %)

Breastfeeding 43 (76,8) 45 (81,8)

Breastmilk + formula 11 (19,6) 7(12,7)

Formula 2 (3,6) 3(54) 0,570
Breastfeeding time (month)

Mean + SD 6,62 +4,08 7,36 + 4,11 0,350
History of allergy in a first degree relative (n, %) 29 (51,8) 27 (52,7) 0,921
Allergic disease type in the family (n,%)

Asthma 8(14,3) 20 (36,4)

Allergic rhinitis 8 (14,3) 2 (3,6)

Atopic dermatitis 3(5,4) -

Food allergy 2(3,6) -

Drug allergy - 1(1,8)

Chronic urticaria 1(1,8) -

Multiple allergic diseases 7 (12,5) 4(7,3)

Smoking habit in family (n, %) 22 (39,3) 23 (41,8) 0,786
Mother’s habits (n,%) 12 (21,4) 8 (14,5)
Use of sun protective creams 0,345
Dressing style
Normal clothing 29 (51,8) 24 (43,6) 0,390
Tesettur clothing 27 (48,2) 31 (56,4)
Milk and products consumption 55 (98,2) 53 (96,4) 0,548

CMPA: cow’s milk protein allergy.
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diagnostic subgroups of CMPA (Ig E mediated
and non-Ig E mediated) in terms of 25(OH)
levels (p= 0.587). The infants who were allergic to
CMP (n: 20), infants presented with proctocolitis
without SPT positivity (n: 10) and infants who
were both allergic to CMP and had multiple
food allergy (n: 26) were compared according to
their 25(OH)D levels. No statistically significant
difference was found between groups (p= 0.766).

Other objectives of the study were to determine
the association between serum 25(OH)D
levels and (a) SPT (skin prick test) induration
size, (b) specific IgE to milk, (c) specific IgE to

TaBLE 2. The laboratory results of CMIPA and control groups

casein in infants who were allergic to CMP. In
the study group, a negative weak correlation
without statistical significance was found between
vitamin-D levels and the induration diameter of
SPT with milk antigens (p= 0.794) (r=-0,037).
Furthermore, no significant correlation was
found between serum 25(OH)D levels and the
induration diameter of fresh cow’s milk (p=0.902;
r=-0,017). No significant correlation was found
between milk-specific IgE and 25(OH)D levels
(p=0.47; r= +0,1). A-negative weak correlation
was detected between casein-specific IgE and
25(OH)D levels (p: 0,706; r=-0,052).

CMPA group Control group P-value
(n=56, %) (n=55, %)
Positive skin test
Milk antigen+ fresh milk 18 (32,1) 0/55
Fresh milk 2(3,5) 0/55
Fresh milk + egg + milk antigen 12 (21,4) 0/55 -
Fresh milk + egg 9 (16) 0/55
Eggs 1(1,7) 0/55
Other (milk antigen + fresh milk/egg/flour/potato/cat) 4(7,1) 0/55
Negative skin test
Milk, egg yolk, egg white, wheat flour, cat, potato,
negative control, histamine and prick to prick fresh milk. 10 (17,8) 55 (100) -
Skin test in milk antigen diameter (mean + SD; mm) 3,40 + 3,67
Fresh milk diameter (mean + SD; mm) 6,11 + 4,52 0,493
Histamine diameter (mean + SD; mm) 7,64 +2,26 7,80 +£1,58
Cow’s milk-specific IgE (mean + SD; kU/L) 1,06 + 4,67 - -
Casein-specific IgE (mean + SD; kU/L) 0,26 + 0,93 - -
Serum total IgE (mean + SD; IU/L) 62,44 + 75,47 28,79 + 47,54 0,006
Serum calcium levels (mean + SD; mg/dl) 10,17 £ 0,36 9,86 + 0,39 0,403
Serum phosphorus levels (mean + SD; mg/dl) 5,67 +0,71 5,53 £ 0,70 0,300
Levels of serum alkaline phosphatase (mean + SD; U/L) 219,93 + 105,93 201,82 + 105,72 0,369
Serum 25 [OH] D vitamin (mean + SD; ng/mL) 33,85+ 16,18 30,70 + 14,90 0,289
mm: milimitres, SD: standard deviation.
TaBLE 3. Vitamin D level classifications of CMIPA and control groups
Vitamin D levels CMPA group Control group P-value
ng/ml ng/ml
Total n: 56 (100 %) n: 55 (100 %)
33.85+16.18 30.70 +14.90 0,289
Vitamin D deficiency; n: 13 (23,2 %) n: 15 (27,3 %)
(<20 ng/mL) 15,9 + 14,59 14,01 £ 7,80
Vitamin D insufficiency n: 10 (17,9 %) n: 18 (32,7 %)
(21-29 ng/mL) 28,84 + 16,07 26,01 + 10,84 0,099
Adequate vitamin D level n: 33 (58,9 %) n: 22 (40 %)
(=30 ng/mL) 56,83 + 17,89 52,08 + 26,07
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DISCUSSION

There was no statistically significant difference
in terms of vitamin-D levels between the study
and control groups. When serum 25(OH)D levels
were classified into vitamin-D insufficiency,
deficiency or adequate, no significant
differences were found between CMPA and
control groups. Both our study and control
groups were investigated according to possible
independent risk factors that may have roles in
the development of CMPA. Except for the birth
order of infants, all the variables were similar
between the study and control groups.

There are few published studies in the
literature, investigating the relationship between
vitamin-D levels and food sensitization or food
allergy.’** According to National Health and
Nutrition Examination Survey (NHANES)
results, after multivariate adjustment, peanut
sensitization defined by specific IgE titration were
twice more likely in children/adolescents whose
25(0OH)D levels were <15 ng/mL in comparison
to 25(OH)D levels of >30 ng/mL.** However, in
the same study, no significant association was
reported between sensitization to cow’s milk
and vitamin-D levels. Moreover, no significant
correlation was reported between levels of
vitamin-D and allergic symptoms like eczema.
The investigators concluded that vitamin-D
deficiency is associated with higher levels of IgE
sensitization in children and adolescents, and
pointed out further trials on the same topic.?

Another evidence of a connection between
vitamin-D deficiency and food allergy was
recently published from a Melbourne/ Australian,
population-based cohort study with the
enrollment of babies under the age of 1. Infants
of Australian-born parents, but not of parents
born overseas, with vitamin-D insufficiency
(<50 nmol/L) were more likely to be peanut
(P=.006) and/or egg (P= .025) allergic than
were those with adequate vitamin-D levels,
independent of their eczema status. Among
those with Australian-born parents, infants with
vitamin-D insufficiency were twice more likely to
have multiple food allergies rather than a single
food allergy. Another interesting outcome was of
the infants who were food sensitized. Vitamin-D
insufficient infants were six times more likely
to be food allergic than tolerant. The authors
concluded that these results could provide
evidence of the sufficiency of vitamin-D may be
an important protective factor for food allergy at
the infancy period.?

A recently published study about atopic
dermatitis or suspected food allergy in infants had
shown that low vitamin-D levels are associated
with enhanced food sensitization. In particular, it
was demonstrated that low vitamin-D levels can
lead to a 10-fold increase in sensitization to CMP.%
However, in this study food allergy group was
defined as suspicious and the diagnosis didn’t
proved by oral food challenge test. A-strength
of our study was the gold standard diagnostic
technique; OFC performed to all study group of
infants at the accurate diagnosis of CMPA.!*

In the literature, studies investigating
the relationship between food allergy and
vitamin-D levels mainly focused on atopic
dermatitis.'®%2%2>2> Qur study differs in a way
that, CMPA group included not only atopic
dermatitis but also other non-IgE-mediated
clinical presentations of CMPA such as food
protein-induced enteropathy, enterocolitis and
proctocolitis. However, in line with published
data, our CMPA group was mostly constituted
of atopic dermatitis and almost half of them had
adequate serum vitamin D levels.

In a recently published meta-analysis no
significant association between the status of
vitamin-D and IgE mediated food allergy was
reported.? In furtherance, we identified no
statistically significant correlation between
vitamin-D levels and both CMPA diagnostic
groups (IgE and non-IgE-related). The
interpretation of two case-control, two cross-
sectional, and one prospective cohort study
at the meta-analysis was limited by a lack of a
standard definition for the vitamin-D deficiency.
The authors also pointed out the necessity of
finding the optimal threshold of vitamin-D levels
to maintain the immune function in preventing
the body from atopic diseases.?

In the literature infants who have multiple
allergen sensitizations in SPT with atopic eczema
or food allergy, 25(OH)D levels were found to
be significantly lower than those of patients who
had monosensitization in SPT.? In our study,
20 of CMPA patients had sensitization to only
cow’s milk in SPT, whereas 26 patients had also
sensitization to other allergens (egg, wheat flour,
potato and cat antigens). Conversely, when our
CMPA group’s serum 25(OH)D levels were
compared between only cow’s milk or multiple
allergen sensitizations (as determined by SPT), no
significant correlation was found.

There is a known relation between CMPA
symptom severity and SPT induration diameter
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and specific IgE levels.” We found no statistically
significant correlation between milk antigen
induration diameter and vitamin-D levels
of CMPA infants. Likewise, no significant
correlation was recorded between 25(OH)D levels
and induration diameter of fresh milk, cow’s milk
and casein-specific IgE. This could be due to our
relatively low number of patients enrolled and
was assumed to be a limitation of the trial.

A-strengthening point was the birth seasons
of our patients which were evenly distributed
among four seasons, the patients’ characteristics
including all of the clinical forms of CMPA, and
the accurate patient diagnosis with oral food
challenge test in all participants. In considering
a study investigating the association with
food allergy and serum vitamin-D levels,
supplementation of mothers and infants or
enrichment of nutrition with vitamin-D could
make the research more complicated.” Likewise,
maternal vitamin-D intake could also have a
protective, adjuvant effect or vice versa on food
allergy.??3! In Turkey as a preventive health
care policy and recommended by American and
European Academy of Pediatric guidelines,***
the estimated daily requirement of vitamin-D
supplementation is routinely initiated at the
second trimester of all pregnancies (500 IU/day)
and to all newborns (400 IU/day) at their infancy.
Therefore in our study, all mothers and infants
had received vitamin-D supplementation during
their pregnancy and infancy periods. We strictly
documented the duration and the dosage of
vitamin-D used during pregnancy and at infancy,
to standardize patients and avoidance of bias.

In conclusion, no statistically significant
relationship was found between the CMPA
group and healthy controls in terms of 25 (OH) D
levels. There is still a need for further prospective,
multicenter trials in investigating the optimal
status of vitamin-D in CMPA. However, we may
suggest that at the initial diagnosis of infants with
CMPA, routine work-up of vitamin-D levels have
no benefit. ®
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