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Abstract: Eosinophil cationic protein (ECP) is a cytotoxic protein released from eosinophils. The level of ECP increas-
es in some allergic diseases. Recently, vitamin D deficiency has been suggested to be a risk factor for childhood
allergic disease. The first aim of the study is to measure the serum vitamin D levels and ECP in infants with cow’s
milk protein allergy (CMPA) and compare them with controls. The second aim of this study is to investigate whether
vitamin D levels are correlated with ECP or not. Sixty-two infants with CMPA were compared to 58 healthy, similar
to distribution of age and sex normal infants as controls. The serum ECP levels were detected by an immunoassay
system. Serum 25(0H)D levels were measured by using an enzyme-linked immunoassay kit. Vitamin D deficiency
was defined as a serum 25(0H)D level of < 10 ng/mL and sufficient 30 ng/mL. The median serum ECP level in the
CMPA group was significantly higher than in the control group (51.45 and 17.55 ng/mL, respectively, P = 0.001).
There were no significant differences between groups with regards to median 25(0H)D levels (29.31 + 1.67 and
27.32 + 1.41 ng/mL, respectively, P = 0.646). The serum 25(0H)D levels were under 30 ng/mL in 38 of infants
with CMPA (61.2%) and in 32 of controls (55.1%). Correlation analysis between the serum 25(0OH)D level and ECP of
infants with CMPA have revealed no significant relation (P = 0.888). Our results do not support the hypothesis that

vitamin D deficiency may be a risk factor for CMPA.
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Introduction

Cow’s milk protein allergy (CMPA) is an inflam-
matory process that is the most common food
allergy seen in infants [1-3]. Studies reported
that its prevalence ranges from 0.5% to 3%
at age 1 year [4-6]. CMPA has three different
immune mechanisms: IgE-mediated (immedi-
ate type) reactions, non-IgE-mediated (cellular,
type 4) reactions and mixed-type reactions.
Due to the wide range of clinical signs and
symptoms, detailed history, careful physical ex-
amination, diagnostic elimination diet and use
of biochemical tests (such as skin prick test,
specific IgE), though not definitive, may help
diagnose CMPA [7].

Eosinophilic cationic protein (ECP) is one of the
four major basic proteins in specific granules in
the cytoplasm of eosinophils, and elevated lev-
els in body fluids such as saliva, serum and fae-
ces in the course of inflammatory process and

allergic diseases. Thus, ECP reflecting eosino-
phil activity is considered as a non-invasive indi-
cator for diagnosing and monitoring of CMPA,
allergic asthma, eczema and atopic dermatitis
[8, 9].

Vitamin D plays a crucial role in the regulation
of calcium and phosphorus metabolism, which
is required for the healthy development of the
skeletal system. There are two major forms of
vitamin D, which is also known as a hormone
in fat-soluble steroid structure: vitamin D2 (er-
gocalciferol) and vitamin D3 (cholecalciferol)
[10]. Vitamin D mediates its biological activity
through the vitamin D receptor (VDR) found in
many tissues and organs [11]. Vitamin D has
also an effect on cytokine release in cells that
are involved in the immune system and causes
a decrease in the proliferation of lymphocytes
by decreasing IL-2 activity [12]. For the role of
vitamin D in food allergy, it has been hypothe-
sised vitamin D deficiency decreases the intes-
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Figure 1. Algorithm for the diagnosis of CMPA. CMPA: Cow’s milk protein allergy, CMP: Cow’s milk protein.

tinal barrier integrity which allows low doses of
food protein to infiltrate the immune system,
leading to increased IgE and abnormal Th2
immune responses [13].

The limited number of studies has been con-
ducted measuring vitamin D levels in allergic
children. Most of these studies have focused
on atopic dermatitis and food allergy [14-16]. In
this study we aimed to investigate the serum
ECP (sECP) and vitamin D levels in infants with
and without CMPA and to determine for poten-
tial correlations between the seCP and vitamin
D levels. To our knowledge, this is the first stu-
dy in infant with CMPA to simultaneously evalu-
ate both the seCP and their possible correla-
tions to vitamin D level.

Materials and methods

This study was carried out at the Department
of Pediatric Gastroenterology of Karabuk Uni-
versity Medical Faculty in Karabuk, Turkey, from
January 2019 to December 2019. Sixty-two
infants who were newly diagnosed with CMPA
aged 2-11 months and 62 healthy infants (simi-
lar to distribution of age and sex) were enrolled
in the study. 4 healthy infants were withdrawn
from the study due to the request of their par-
ents. A total of 120 infants were included in
this study. The CMPA diagnosis was conducted
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according to the European Society for Pedia-
tric Gastroenterology Hepatology and Nutrition
(ESPGHAN) Guideline: Diagnosis and Manage-
ment of CMPA. If CMPA is suspected by medi-
cal history and physical examination, elimina-
tion of milk and dairy products is initiated. In
the majority of cases with suspected CMPA,
the definitive diagnosis requires to be confir-
med or excluded by an oral food challenge
(OFC) test, skin prick tests (SPT) and specific
ISE measurements (Figure 1) (ESPGHAN) [17].

The sensitivity of CMPA in all cases was inves-
tigated with cow’s milk-specific IgE (for param-
eter a value of > 0.35 kU/L was accepted as
positive; Dr Fooke-Achterrath Laboratorien Gm-
bH Habicktweg 16, D41468 Neuss, Germany)
and given a therapeutic CMP elimination diet.
Then, the infants in the study group were dis-
tributed in two groups as infants with a posi-
tive (n = 9) and negative (n = 53) test for cow’s
milk specific IE. SPT was conducted with cow’s
milk SPT solution (Allergopharma D-21462, Re-
inberk, Germany) in CMP IgE-negative infants
with suspected CMPA. In order to confirm the
diagnosis of CMPA, OFC testing was carried
out. One drop of the cow’s milk-based infant
formula was dropped onto the perioral region
and lips of the infants to observe for allergic
reactions. The dose gradually was increased
to 100 ml and administered at regular intervals
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of 15-30 min. The OFC was classified as ‘posi-
tive’ or ‘negative’. Infants with a diagnosis of
multiple food allergies were excluded from the
study.

Blood samples were collected for measuring
ECP with vitamin D levels and stored frozen at
-80°C. The ECP levels were tested by a chemilu-
minescence method using an Immulite 2000
XPi analyzer Immunoassay System (Germany).
Serum vitamin D levels were measured by us-
ing a enzyme-linked immunoassay kit (Simens
ADVIA Centaur XP). Vitamin D deficiency was
defined as a serum 25(0H)D level of < 10 ng/
mL, insufficiency as a 25(0H)D level between
11 and 29 ng/mL and sufficient > 30 ng/mL.

The data were analyzed with SPSS version 21.0
software for Windows. Results are expressed
as mean (SD) or median (range). The Kolmo-
gorov-Smirnov test was used to determine the
normality of data distribution. Values of age,
ECP, absolute eosinophil count, cow’s milk-spe-
cific IgE, alkaline phosphatase, duration of vi-
tamin D supplement had abnormal data distri-
bution, by Kolmogorov-Smirnov test, therefore,
median values (interquartile range) between
groups were determined and compared using
Mann-Whitney U test. D vitamin, white blood
cell count, calcium, phosphorus values were
compared with independent t-test because of
normal data distribution between groups. Cor-
relation analyses were evaluated with Spear-
man’s correlation test. A P value of less than
0.05 was considered to be statistically signifi-
cant. The study was approved by the Ethics
Committee for Non-invasive Clinical Research
at Karabuk University. Subjects’ parents pro-
vided written informed consent.

Results

The median age of 62 infants with CMPA (39
males, 63%) and 58 controls (32 males, 55%)
were 4 (2-11) months and 4.5 (2-12) months,
respectively. There were no statistically signifi-
cance differences between the two groups wi-
th respect to age, gender, calcium, phosphorus,
alkaline phosphatase, white blood cell counts,
initiation time of vitamin D supplement and
type of feeding (P > 0.05). The median seECP
level (51.45 ng/mL) and eosinophil count
(475/mm3) in the CMPA group was significant-
ly higher than that in the control group (17.55
ng/mL and 300/mm?3), (P < 0.001 and P <
0.001, respectively). The infants in the CMPA
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group were distributed in two subgroups as
infants with a positive (n = 9, 14%) and nega-
tive (n = 53, 86%) test for cow’s milk specific
IgE. Skin prick test with milk antigen was also
positive in 20.9% of infants with CMPA. Thirty-
seven infants (59.7%) in CMPA group had ecze-
ma. This was followed by rectal bleeding (n =
20, 32.2%), vomiting (n = 8, 12.9%), urticaria
(n = 4, 6.4%), wheezing (n = 4, 6.4%) and an-
aphylaxis (n = 1, 1.6%) (Table 1).

As for levels of the vitamin D, there were no
statistically significant differences between
the two groups with respect to 25(0H)D levels
(29.31+1.67 and 27.32 + 1.41 ng/mL, respec-
tively, P = 0.646). The infants were categorised
into for 3 groups according to serum 25(0H)D
level: < 10 ng/mL, 11-29 ng/mL and > 30 ng/
mL. The serum 25(0OH)D level was under 30 ng/
mL in 38 of infants with CMPA (61.2%) and in
32 of controls (55.1%). None of infants had
serum 25(0H)D level: £ 10 ng/mL (Table 1).

Correlation analysis between the serum 25(0H)
D level and sECP of children with CMPA have
revealed no significant relation (P = 0.888)
(Table 2). In terms of the median sECP levels;
no significant two-subgroups (infants with CM-
PA had 25(0OH)D levels 11-29 ng/mL and = 30
ng/mL) differences were observed (50.23 and
52.67 ng/mL, respectively, P = 0.256) (Figure
2).

Discussion

In the present study, SECP and blood eosinophil
count of infants with CMPA were statistically
higher than the control group. However, there
was no significant difference between the two
groups in terms of serum vitamin D levels. Mo-
reover, no correlation was found between seCP
and vitamin D level in infants with CMPA.

Eosinophils, which are formed in the bone mar-
row, have vitamin D receptor and large cyto-
plasmic granules containing proteins such as
ECP, eosinophil protein X, eosinophil-derived
neurotoxin and major basic protein. ECP encod-
ed by the RNASE3 gene is a cytotoxic protein
that enter the surrounding tissues when acti-
vated eosinophils degranulate [18]. Therefore,
the numbers of circulating eosinophils and ECP
level may increase in response to Th2 driven
parasitic and allergic diseases such as cow’s
milk protein allergy, asthma and inflammatory
diseases. Thus, measurement of ECP is used
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Table 1. Comparison of socio-demographic and laboratory characteristics of the CMPA and control

groups
CMPA group (n = 62) Control group (n = 58) P value

Median age, months 4(2-11) 4.5 (2-12) > 0.899
Males, n (%) 39 (63) 32 (55) >0.05
Median sECP, ng/mL 51.45 (20.7-220) 17.55 (1.67-38) 0.001°
Median white blood cell count, x103/uL 10.4 (4.55-21.3) 9.77 (6.14-14.64) 0.470°2
Median eosinophil count, /mm?3 475 (110-1720) 300 (60-990) 0.0012
Skin prick test (milk antigen)

Positive n (%) 13 (20.9) -

Negative n (%) 49 (79.1) -
Specific IgE test

Positive n (%) 9 (14) -

Negative n (%) 53 (86) -
Median Cow’s milk- specific IgE (kU/L) 0.98 (0.41-3.43) -
25(0H)D levels ng/mL 29.31 +1.67 2732+ 1.41 0.646°

<10 n (%) - -

11-29 n (%) 38 (61.2) 32 (55.1)

>30n (%) 24 (39.8) 26 (44.9)
Serum calcium (mg/dL) 10.37 £ 0.41 10.01 + 0.89 > 0.05°
Serum phosphorus mg/dL 5.37+0.51 5.23 +0.90 > 0.05°
Serum alkaline phosphatase U/L 230 (102-432) 219 (118-388) > 0.05°
Duration of Vitamin D supplement (months) 3 (1-10) 3.6 (1-11) > 0.05°
Type of feeding n (%) > 0.05

Breastfeeding 31 (50) 35 (60.3)

Formula and breastfeeding 19 (31.7) 16 (27.6)

Formula and complementary Foods 12 (19.3) 7 (12.8)
Breastfeeding time (month) 3.9 (1-11) 4.4 (1-12)
Clinical presentation n (%)

Eczema 37 (59.7) -

Rectal bleeding 20 (32.2) -

Vomiting 8(12.9) -

Urticaria 4 (6.4) -

Wheezing 4 (6.4) -

Anaphylaxis 1(1.6) -

aMann-Whitney U test, !Independent sample t-test, CMPA: Cow’s milk protein allergy, SECP: serum Eosinophilic Cationic Protein.

Table 2. Correlation of vitamin D with seCP
and eosinophil count

Parameters r Value? P value
sECP 0.018 0.888
Eosinophil, mm? 0.140 0.279

aSpearman’s rank correlation, SECP: serum Eosinophilic
Cationic Protein.

widely as a marker in acute exacerbation and
disease activity in allergic and inflammatory
diseases [16, 19].
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Although there are many researches evaluat-
ing the ECP level in allergic and parasitic dis-
eases, a limited number of studies have been
conducted evaluating ECP levels in infants wi-
th CMPA [20, 21]. Suomalainen et al. conduct-
ed a study in children with CMPA, they report-
ed sECP levels and Circulating blood eosino-
phil counts were significantly higher after an
oral cow’s milk challenge [22]. In a similar study
by Hidvégi E et al. found considerably higher
sECP in children with CMPA compared to con-
trol group (12.4 pg/L and 4.3 pg/L, respective-
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Figure 2. Levels of ECP for subgroups according to serum 25(0OH)D level.
ECP: Eosinophilic Cationic Protein, CMPA: Cow’s milk protein allergy.

ly) [23]. Recently, Li, Jingwen et al. noted that in
6 months old infants with CMPA, blood eosino-
phil counts were higher than that of the con-
trols (0.89 + 0.45/mm?® and 0.26 + 0.12/mm?3,
respectively, P < 0.01) [16]. Consistent with
previous studies, we found a significantly the
higher seCP level (51.45 ng/mL) and blood eo-
sinophil counts (475/mm3) in infants with CM-
PA compared to controls (17.55 ng/mL, 300/
mm3) (P < 0.001 and P < 0.001, respectively).
All the above studies including ours suggest
hypothesis that an increment of the numbers
of circulating eosinophils and ECP levels can
be seen in infants with CMPA.

It is well known that the impairment of Thil
and Th2 balance, which affects the model of
the immune response, causes allergic diseas-
es such as CMPA, asthma and atopic dermati-
tis [24]. Vitamin D, especially the 1.25(0H)D2
form, plays an important role in the regulation
of the immune system by inhibiting both Th1-
and Th2-type responses through the suppres-
sion of IL-12 production and IL-4-induced
expression of IL-13. In addition, vitamin D
creates an immunomodulatory effect on aller-
gen-induced inflammatory pathways by acting
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on the vitamin D receptors
expressed in eosinophils, B
cells, T cells, dendritic cells
and macrophages [25-28].

Vitamin D insufficiency
Adequate vitamin D level

Recently, conflicting results
have been reported that vita-
min D deficiency may adverse-
ly affect the immune system
and cause allergic diseases.
Perezabad et al. conducted a
study in 15 infants with CMPA
they reported that vitamin D
levels of infants with CMPA
were significantly lower than
that of controls (35.3 + 3.5
ng/mL, 47.9 + 3.7 ng/mL, re-
spectively) [29]. Consistently,
Silvia Cristiane M et al. noted
that in infants with CMPA not
taken vitamin D supplement,
vitamin D levels were lower
compared to the healthy con-
trols (respectively) [30]. On
the other hand, Li, Jingwen et
al. reported that there was no
statistical difference between
infants with CMPA and their
controls in terms of mean serum vitamin D
level (68.3 + 38.9 and 59.4 + 38.1 nmol/L,
respectively) and also found that 71% of infants
with CMPA and 66% of controls had deficient
and/or insufficient serum vitamin D levels [16].
Likewise, in a study evaluating the vitamin D
status in 56 infants with CMPA, Ercan et al.
reported there was no significant difference in
mean vitamin D levels between infants with
CMPA and the controls (33.85 + 16.18 ng/
mL vs., 30.70 + 14.90 ng/mL, respectively).
In addition, they found 41.1% of infants with
CMPA and 60% of the controls had blood vita-
min D levels below 30 ng/mL [31]. Consistent
with the studies of Li, Jingwen and Ercan et al.,
we found that there was no significant differ-
ence in vitamin D levels between infants with
CMPA and the controls (29.31 + 1.67 ng/mL,
27.32 + 1.41 ng/mL, respectively, P = 0.646).
However, our findings are not compatible with
those of Perezabad and Silva et al. These differ-
ences may be due to the fact that the study of
Perezabad et al. was conducted on a small
number of subjects (n = 15) and the study
group Silvia Cristiane M et al. consisted of
children who did not receive vitamin D
supplements.
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Different serum 25(0OH)D reference ranges are
used for the definition of vitamin D deficiency.
In a study by Silvia et al., they defined 25(0H)D
levels below 20 ng/mL as deficient. On the
other hand, vitamin D deficiency for children
was defined as a serum 25(0H)D level of < 12
ng/mL by Munns CF et al. [32]. However,
ESPGHAN recommended to practice using
25(0H)D < 10 ng/mL as severe deficiency [33].
In this study, Vitamin D deficiency was defined
as a serum 25(0H)D level of < 10 ng/mL, insuf-
ficiency as a 25(0H)D level between 11 and 29
ng/mL and sufficient > 30 ng/mL. According to
these reference ranges, 61.2% of infants with
CMPA and 55.1% of the controls had lower th-
an normal serum D vitamin level (< 30 ng/mL).
In addition, Vitamin D deficiency (< 10 ng/mL)
was not detected in none of the infants in the
present study. We think that the lack of statisti-
cally significant difference between the groups
may likely be due to fact that daily 400 IU vita-
min D supplementation applied by the Turkish
Ministry of Health to all infants until the age of
1, regardless of seasonal changes, type of nu-
trition and the sunlight exposure [34].

To date, no study has evaluated the relation-
ship between serum vitamin D level and sECP
in infants with CMPA. In the present study, no
correlation was found between serum vitamin
D level and seECP (P = 0.888). In addition, in
terms of the median sECP levels; there was no
statistically significant difference between the
subgroups with 25(0H)D levels of 11-29 ng/
mL and > 30 ng/mL (P = 0.256). Considering
that ECP levels can easily increase in allergic
and inflammatory diseases, these results do
not support the view that vitamin D deficiency
may adversely affect the immune system and
cause allergic diseases.

There were some limitations in this study. As
there have been relatively few studies evaluat-
ing ECP and vitamin D levels in infants with
CMPA, we compared our findings to only a sm-
all number of studies. A second limitation was
that we did not measure the serum vitamin D
levels of the mothers and the umbilical cords
of the infants and also not determine the dura-
tion of daily sunlight exposure of infants and
their mothers.

In conclusion, this study revealed infants with
CMPA had significantly higher the seCP level,
but vitamin D levels did not differ between
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infants with and without CMPA. Thus, the find-
ings of the present study do not support the
view that vitamin D deficiency may play a role
in the etiology and physiopathology of CMPA. In
addition, our results indicated that infants ta-
king standard doses of Vitamin D supplements
should be carefully monitored for vitamin D
insufficiency.
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