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Abstract
Background: Milk protein allergy is one of the most common food allergies in infants. We aimed to test whether
fecal calprotectin can be used to monitor food allergies in infants by comparing the fecal calprotectin levels in infants
with a milk protein allergy before and after an intervention treatment.
Methods: The study was designed as a prospective case–control trial. Stool samples were collected at follow-up, and
the concentration of fecal calprotectin was determined using an enzyme-linked immunosorbent assay. The infant’s
weight and length were measured.
Results: The allergic group comprised 90 milk-allergic infants (41 boys, 49 girls), and the nonallergic group comprised
90 nonallergic infants (51 boys, 39 girls). Compared with the fecal calprotectin level in the nonallergic group (median:
141 μg/g), that in the allergic group (median: 410 μg/g) was significantly higher (z = − 9.335, p < 0.001). After two
dietary interventions and treatments, the fecal calprotectin levels of the infants with a milk protein allergy at the first
(median: 253 μg/g) and second follow-up visits (median: 160 μg/g) were significantly lower than those before the
intervention (z = − 7.884, p < 0.001 and z = − 8.239, p < 0.001, respectively). The growth index values (LAZ and WAZ)
of the infants with a milk protein allergy at the first and second follow-up visits were significantly higher than those
before dietary intervention (p < 0.05). Fecal calprotectin was negatively and significantly correlated with the WLZ
and WAZ at the second follow-up visit (Spearman’s rho = − 0.234, p = 0.01 and Spearman’s rho = − 0.193, p = 0.03,
respectively).
Conclusion: The level of fecal calprotectin in infants with a milk protein allergy decreased after dietary intervention
and seems to be a promising biological indicator for monitoring intestinal allergies.
Keywords: Milk protein allergy, Fecal calprotectin, Growth indexes
Background
Food allergies have a serious impact on the physical
and mental health of children, affecting their growth
and development and reducing their quality of life
and learning. More than 10% of infants under the age
of 1 have been shown to have allergic reactions to at
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least one common allergenic food, and a milk protein
allergy is one of the most common food allergies, with
an incidence of 2–3% [1]. Milk protein allergies have
become a public health problem worldwide, affecting
approximately 8% of children [2]. In Europe and the
United States, the prevalence of food allergies in
children ranges from 5 to 10%, and the prevalence of
food allergies in children between 0 and 2 years old in
China is 6.2% [3–5]. Food allergies are often considered
the first step in the process of allergies [6]. With age,
food allergies are more likely to cause serious allergic
diseases, such as asthma. Therefore, early diagnosis of
and intervention for food allergies in infants and young
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children will help prevent the further development
of allergic diseases, but there are no early predictive
indicators for monitoring infant food allergies. The
clinical manifestations of children with a milk protein
allergy lack specificity; therefore, this type of allergy
is easily misdiagnosed or is not diagnosed in a timely
manner. The current diagnostic tests are mainly as
follows: sIgE test, skin prick test (SPT), patch test
and double-blind, placebo-controlled food challenge
test. A recent meta-analysis [7] showed that the patch
test has a sensitivity of 53% and a specificity of 88%,
the SPT has a sensitivity of 88% and a specificity of
68%, and the sIgE test has a sensitivity of 87% and a
specificity of 48%. A double-blind, placebo-controlled
food challenge test is the gold standard for diagnosing
a milk protein allergy. However, it is a complicated test
for physicians to perform in the clinic and unsuitable
for early diagnosis [8]. Early diagnosis and intervention
of food allergies in infants and young children help
prevent the further development of allergic diseases,
but there is a lack of cost-effective allergy markers.
Many researchers are working on biological indicators
that can be used to predict and monitor food allergies
in infants early, and there is an urgent need for
a noninvasive, inexpensive, simple and sensitive
method of detecting monitoring the occurrence and
development of intestinal inflammatory diseases [9].
A milk protein allergy in infants mainly manifests
as skin, digestive and respiratory symptoms. Among
them, infants’ gastrointestinal (GI) symptoms are more
common and severe. Fecal inflammatory biomarkers,
such as calprotectin in infants with an allergy to cow’s
milk protein, have been taken into consideration [10–
15]. Fecal calprotectin is a simple marker for detecting
inflammatory activity in the GI tract and can be used to
screen for intestinal diseases [16]. When inflammation
occurs in the body, the level of calprotectin can reach
5–40 times the normal level, and the level of fecal
calprotectin can reach approximately 6 times the level
of calprotectin. Fecal calprotectin is detected by an
enzyme-linked immunosorbent assay, which is fast,
simple and reproducible and thus fecal calprotectin
can be used as a noninvasive, inexpensive, simple
and sensitive marker of intestinal inflammation [9,
17]. In our previous study, fecal calprotectin, as an
inflammatory factor, was shown to possibly play an
important role in food allergy detection [15]. In this
study, we aimed to test whether fecal calprotectin
can be used as a noninvasive and sensitive biological
marker in infants with food allergies by comparing the
fecal calprotectin levels of infants with a milk protein
allergy before and after intervention treatment and to
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determine its value in monitoring infants with food
allergies in China.

Methods
Research design and methodology

The study was designed as a prospective case–control
trial with two follow-ups. From September 2019
to August 2020, infants attending the Department
of Developmental and Behavioral Pediatric and
Child Healthcare of Xinhua Hospital affiliated with
Shanghai Jiao Tong University School of Medicine
were consecutively invited to participate. We
prospectively enrolled infants who were diagnosed
with a milk protein allergy and aged 0–9 months as
the allergic group. During the study enrollment period,
age- and sex-matched controls aged 0 to 9 months,
as the nonallergic group, were recruited among
healthy infants who underwent regular checkup at
the department and did not exhibit allergy or disease
symptoms. According to the criteria for the diagnosis
of food allergies [11, 18, 19], infants with a milk protein
allergy were enrolled in the allergic group, and healthy
infants without a milk protein allergy were enrolled
in the nonallergic group. Stool collection, physical
development assessments, feeding questionnaires
and physical examinations were performed during
recruitment and follow-up. Ninety infants diagnosed
with a milk protein allergy were treated with a dietary
intervention as follows [20, 21]. First, milk protein was
eliminated from the mother’s diet by promoting a dairy
free diet in mothers who exclusively breast-fed their
infant. Second, infants for whom the maternal milk
protein elimination diet was ineffective received deep
hydrolyzed protein milk formula. Third, ordinary milk
powder was replaced with extensively hydrolyzed milk
formula. Last, an amino acid-based formula (AAF)
was given for when the extensively hydrolyzed protein
formula was not tolerated. This children attended
two follow-ups; the first follow-up was performed
approximately one month after the dietary intervention,
and the second follow-up was performed approximately
two months after the dietary intervention. The parents
of two infants refused to participate in the study before
enrollment. All the parents of the infants diagnosed
with a milk protein allergy were compliant with the
dietary intervention after enrollment. In this study, 20
infants received the first type of dietary intervention,
23 infants received the second type, 30 infants received
the third type, and 17 infants received the fourth type.
Stool collection, physical development assessments,
feeding questionnaires and physical examinations were
performed at each follow-up.
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Study population: inclusion criteria and exclusion criteria

The infants recruited in the allergic group and the
nonallergic group were matched for age, sex, and
socioeconomic status. All the recruited children met the
following inclusion criteria: birth weight appropriate for
gestational age (2500 ~ 4000 g); no illnesses in the month
prior to enrollment; and no known underlying chronic
inflammatory disease. The diagnosis of a food allergy
was conducted according to recommendations for the
diagnosis and treatment of infantile food allergies [11,
19, 22]. The diagnosis of a food allergy was indicated by
medical history and physical examination results and
was confirmed by medical history, physical examination,
clinical manifestations, an SPT, a food elimination
test (elimination diet) and food challenge tests (food
challenge). When clinical symptoms (diarrhea, abdominal
pain, hematochezia, urticaria etc.) indicative of a milk
protein allergy were observed, the infants were prevented
from consuming milk protein in the diet for two weeks,
and an oral food challenge test was subsequently
conducted. The oral challenge was considered to be
positive when there were skin (urticaria, angioedema
or erythematous rash), digestive (vomiting or diarrhea),
respiratory (rhino-conjunctivitis or bronchospasms) or
generalized (anaphylactic shock) manifestations after the
intake of the milk formula [23, 24], and the diagnosis of
milk protein allergy was confirmed [25]. After a positive
oral food challenge test, stool samples of infants with
a diagnosis of milk protein allergy were collected for
testing. The exclusion criteria were as follows: any intake
of steroidal or nonsteroidal anti-inflammatory drugs,
gastric acidity inhibitors, antibiotics or any other drug
during the 2 weeks prior to recruitment; nasal bleeding
during the week before the study; or a history of signs
or symptoms of infection or gastrointestinal disease
(diarrhea, vomiting, hematochezia and fever).
Anthropometric measurements and calculations

Each infant’s weight and supine length were measured
using
standard
techniques.
Anthropometric
measurements of the infants were performed in duplicate
by a trained member of the research team as described
in our previous study [9, 16, 26, 27]. The length-for-age
Z-score (LAZ), weight-for-age Z-score (WAZ), and
weight-for-length Z-score (WLZ) were calculated using
Anthro software (version 3.1) based on the World Health
Organization Child Growth Standards.
Questionnaire

At enrollment, the parents of the children were asked to
complete a brief health questionnaire regarding several
clinical and sociodemographic factors. Clinical features,
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including gestational age, birth weight, sex, neonatal
diseases, symptoms, physical examination findings,
feeding status, weight and length, were recorded prior to
the collection of each stool sample.
Fecal calprotectin measurement

The fecal calprotectin concentrations of the infants with
an allergy to cow’s milk protein at the first follow-up
visit and the second follow-up visit were determined. A
parent of each child was provided with a plastic container
and was instructed on how to collect a stool sample. The
parents removed a fecal sample from their child’s diaper,
and the sample was brought or sent in a screw-capped
container to the hospital. All fecal samples were frozen
and stored at − 80 °C immediately following receipt until
analysis. The calprotectin concentration in each sample
was determined using a commercially available enzymelinked immunosorbent assay (ELISA) that quantitatively
measures calprotectin levels (Bühlmann Laboratories
AG, Schönenbuch, Switzerland) as previously described
[9, 16, 26]. Included in each sample run were blanks,
standards and controls. Prior to analysis, frozen stool
samples were thawed at room temperature. If the sample
yielded a reading greater than the maximum calibrated
level (600 μg/g), the remaining extract of the sample was
further diluted 1:6 with incubation buffer, and the assay
was repeated. Calprotectin levels are expressed as μg/g
of feces. Informed consent was obtained from parents
at enrollment. The study protocol was approved by the
ethics committee of Xinhua Hospital affiliated with
Shanghai Jiao Tong University School of Medicine.

Results
General characteristics

The study recruited 90 milk-allergic infants (41 boys,
49 girls) as the allergic group and 90 nonallergic infants
(51 boys, 39 girls) as the nonallergic group. The average
length of the 90 infants in the nonallergic group was
64.17 cm, and the average weight was 7215 g. Among
the 90 infants in the allergic group, the median
gestational age was 39 weeks (range 37–42 weeks),
and the average weight at birth was 3256 g (range
2500–4000 g). The average length of the 90 infants
in the allergic group before dietary intervention was
63.79 cm, and the average weight was 6790 g. There
were significant differences in the weight of the
infants between the allergic group and the nonallergic
group (t = − 2.047, p = 0.04). There was no significant
difference between the allergic group and the nonallergic group in the maternal pregnancy age, birth
weight or age. Among the 90 infants in the allergic
group, the main clinical features were diarrhea (n = 58),
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Table 1 Characteristics of the infants
Characteristic
Boys/girls
Gestational age (weeks, mean ± SD)

Birth weight (g) (mean ± SD)

Weight at sample collection (g)
Length at sample collection (cm)
Age

Milk allergy (N = 90)

Non-milk allergy (N = 90)

F/χ2

p

41/49

51/39

2.223

0.179

39.1 ± 1.2

38.8 ± 1.0

1.462

0.228

3256 ± 383

6792 ± 1432

63.7 ± 4.7

3253 ± 384

7215 ± 1338

0.467

0.495

− 2.047

0.042

64.2 ± 4.4

− 0.642

0.522

103.310

0.240

0–3 months

20 (22.2%)

20 (22.2%)

3–6 months

47 (52.2%)

47 (52.2%)

6–9 months

23 (25.6%)

23 (25.6%)

Clinical features
Diarrhea

58 (64.4%)

–

–

–

Hematochezia

53 (58.9%)

–

–

–

Abdominal pain

45 (50.0%)

–

–

–

Vomiting

22 (24.4%)

–

–

–

Urticaria

11 (12.2%)

–

–

–

Constipation

3 (3.3%)

–

–

–

p < 0.05 was considered significant

abdominal pain (n = 45), hematochezia (n = 53),
vomiting (n = 22), urticaria (n = 11), and constipation
(n = 3) (Table 1).
Comparison of fecal calprotectin before and after dietary
intervention and treatment in infants with a milk protein
allergy

The median fecal calprotectin level for the 90 infants in
the nonallergic group was 141 μg/g feces (interquartile
range: 41–373 μg/g). The median fecal calprotectin
level of the 90 infants in the allergic group was 410 μg/g
(interquartile range: 168–1739 μg/g) before dietary
intervention. Compared with the nonallergic group,
the fecal calprotectin level in the allergic group was
significantly higher (z = − 9.335, p < 0.001). After dietary
intervention and treatment for approximately one
month, the median value of fecal calprotectin at the first
follow-up visit was 253 μg/g (interquartile range: 105–
1089 μg/g). After approximately two months of dietary
intervention, the median value of fecal calprotectin at the
second follow-up visit was 160 μg/g (interquartile range:
34–699 μg/g). Compared with those before intervention,
the fecal calprotectin levels of the infants with a milk
protein allergy at the first and second follow-up visits
decreased significantly (z = − 7.884, p < 0.001 and
z = − 8.239, p < 0.001, respectively). Compared with those
at the first follow-up visit, the fecal calprotectin levels
of the infants with a milk protein allergy also decreased
significantly at the second follow-up visit (z = − 8.173,
p < 0.001; Table 2 and Fig. 1).

Comparison of the eosinophil count before and after
dietary intervention and treatment in infants with a milk
protein allergy

The median eosinophil count for the 90 infants in the
nonallergic group and the 90 infants in the allergic
group was 50/mm3 (interquartile range: 50–648/mm3)
and 655/mm3 (interquartile range: 231–1770/mm3),
respectively, before dietary intervention. Compared
with the nonallergic group, the eosinophil count of the
allergic group was significantly higher (z = − 9.505,
p < 0.001). After dietary intervention and treatment for
approximately one month, the median eosinophil count
at the first follow-up visit was 495/mm3 (interquartile
range: 235–1129/mm3). After two months of dietary
intervention, the median eosinophil count at the second
follow-up visit was 330/mm3 (interquartile range:
161–828/mm3). Compared with those before dietary
intervention, the eosinophil counts of the infants
with a milk protein allergy at the first and second
follow-up visits decreased significantly (z = − 6.679,
p < 0.001 and z = − 7.959, p < 0.001, respectively).
Compared with those at the first follow-up visit, the
eosinophil counts of the infants with a milk protein
allergy were also significantly decreased at the second
follow-up visit (z = − 7.962, p < 0.001; Table 2 and
Fig. 2). A simple correlation analysis of the number
of eosinophils and fecal calprotectin showed that
the number of eosinophils and the level of fecal
calprotectin were positively correlated and significantly
correlated before the intervention treatment and at the
first and second follow-up (Spearman’s rho = 0.447,

50 (50–648)

Eosinophils
(median,
5th–95th, 106)

655 (231–1770)

410 (168–1739)

Before intervention

Allergic group

495 (235–1129)

253 (105–1089)

First visit

330 (161–828)

160 (34–699)

Second visit

− 6.679

− 7.884

*Wilcoxon

< 0.001

< 0.001

*p

− 7.959

− 8.239

Wilcoxon

#

< 0.001

< 0.001

p

#

− 7.962

− 8.173

Wilcoxon

※

*Comparison between the first follow-up visit and before the intervention, #Comparison between the second follow-up visit and before the intervention, ※Comparison between the second and the first visit

p < 0.05 was considered significant

FC: fecal calprotectin; 5th–95th: 5–95 percentile

141 (41–373)

FC (median,
5th–95th, μg/g)

Nonallergic group

Table 2 Comparison of fecal calprotectin levels in infants with a milk protein allergy before and after intervention (n = 90)

< 0.001

< 0.001

p

※
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Fig. 1 Comparison of fecal calprotectin levels of infants with a milk protein allergy before dietary intervention and at the first and second
follow-ups

p < 0.001; Spearman’s rho = 0.487, p < 0.001; Spearman’s
rho = 0.474, p < 0.001, respectively).
Comparison of growth indexes of infants with a milk
protein allergy before and after dietary intervention
and treatment

According to the data analysis results, the LAZ and WAZ
values of the infants with a milk protein allergy at the
first follow-up visit were significantly higher than those
before dietary intervention (t = − 3.318, p = 0.001 and
t = − 3.619, p < 0.001, respectively). The change in the
WLZ was not significant (t = − 1.083, p = 0.279). After
two months of intervention and treatment, the LAZ and
WAZ values of the infants with a milk protein allergy
at the second follow-up visit increased significantly
compared with those before dietary intervention
(t = − 3.298, p = 0.001 and t = − 4.472, p < 0.001,
respectively). The LAZ and WAZ values of the infants
with a milk protein allergy at the second follow-up visit
were significantly higher than those at the first follow-up
visit (t = − 3.016, p = 0.003 and t = − 3.932, p < 0.001,
respectively). The values of LAZ, WAZ and WLZ from

before the dietary intervention to the follow-up to the
intervention increased as shown in Table 3 and Fig. 3. A
simple correlation analysis of the WLZ and WAZ with
the fecal calprotectin level showed that the level of fecal
calprotectin was negatively and significantly correlated
with the WLZ and WAZ before dietary intervention
(Spearman’s rho = − 0.204, p = 0.006 and Spearman’s
rho = − 0.228, p = 0.002, respectively) and that the
fecal calprotectin level was negatively and significantly
correlated with the WLZ and WAZ at the second
follow-up visit (Spearman’s rho = − 0.234, p = 0.01 and
Spearman’s rho = − 0.193, p = 0.03, respectively).

Discussion
Infant food allergies are a serious and often lifethreatening health problem, affecting approximately
4% of children and their families worldwide [22]. These
allergies may cause anaphylactic shock or even death,
but there is currently no drug therapy for a milk protein
allergy. The only way to avoid this type of allergy is to
eliminate the harmful milk protein from the diet [28,
29]. Management strategies for a milk protein allergy
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Fig. 2 Comparison of the eosinophil count of infants with a milk protein allergy before dietary intervention and at the first and second follow-ups

Table 3 Comparison of growth and development of infants with a milk protein allergy before and after intervention (n = 90)
Nonallergic group Allergic group

*t

Before intervention First visit
WLZ (Mean ± SD)

0.365 ± 1.013

LAZ (Mean ± SD)

0.135 ± 0.891

WAZ (Mean ± SD) 0.315 ± 0.786

p < 0.05 was considered significant

− 0.142 ± 1.091

− 0.306 ± 1.171

− 0.223 ± 1.216

*p

#

t

#

p

※

t

※

p

Second visit

− 0.102 ± 0.932 − 0.041 ± 0.831 − 0.881 0.380 − 1.897 0.061 − 1.899

0.061

− 0.187 ± 0.957 − 0.034 ± 0.852 − 1.837 0.070 − 3.323 0.001 − 3.759 < 0.001
0.108 ± 0.970

0.090 ± 0.921 − 1.164 0.248 − 2.598 0.011 − 3.023

0.003

LAZ length-for-age Z-score, WAZ weight-for-age Z-score, WLZ weight-for-length Z-score
*Comparison between the first follow-up visit and before the intervention, #Comparison between the second follow-up visit and before the intervention,
※
Comparison between the second and the first visit

include removing dairy products from exclusively
breastfed babies and eliminating milk protein from
the mother’s diet. Breast milk is a source of “standard
nutrition” for infants with milk protein allergies and
should be promoted as much as possible [30]. Data on
the prevalence of reproducible clinical responses to
milk protein in breastfed children are very limited, but
the prevalence has been reported to be approximately
0.5% [31]. Although b-lactoglobulin originating from

cow’s milk can be detected in the breast milk of 95%
of lactating women, the amount is insignificant to
many infants with a mild to moderate milk protein
allergy [32]. For babies who are allergic to milk protein
from breastfeeding, mothers should be encouraged to
continue breastfeeding while avoiding milk protein
in their diet [29]. However, if breastfeeding or
maintenance of breastfeeding is not possible in patients
with a milk protein allergy, a hydrolyzed milk formula
or amino acid formula should be provided.

Qiu et al. Allergy, Asthma & Clinical Immunology

(2021) 17:132

Page 8 of 12

Fig. 3 Changes in LAZ, WAZ, and WLZ in infants with a milk protein allergy before dietary intervention and at the first and second follow-ups

If the symptoms of infants who are breastfed
or fed only formula milk cannot be relieved, it is
recommended that extensively hydrolyzed formula milk
is used. Hypoallergenic products are either extensively
hydrolyzed milk powder (ehMF) composed of small
peptides < 1.5 kDa or amino acid formulas composed
of essential and nonessential amino acids. The latter
is recommended for intolerant infants affected by
ehMF [30, 33]. Amino acid-based formulas (AAFs) are
usually used to address complex milk protein allergies,
including various food allergies or formulas that do
not tolerate large amounts of hydrolysis. In our study,
infants with a milk protein allergy were treated with
a dietary intervention (involving amino acid formulas
or deeply hydrolyzed formulas or mothers avoiding
the consumption of milk), and the allergic symptoms
gradually decreased.
Calprotectin reflects the migration of neutrophils
to the intestinal lumen, so it can be used as a sensitive
marker of intestinal inflammation [17]. Under normal
circumstances, its concentration in feces is six times
the concentration in plasma [34], emphasizing the
potential of fecal calprotectin as an accurate biomarker
of intestinal inflammation. The evidence supporting

the use of fecal calprotectin as a marker of intestinal
inflammation is sufficient and continues to accumulate
[35]. In addition, fecal calprotectin remains stable in
the feces for more than a week, so it is a useful marker
of intestinal inflammation [36] and can be measured
within a few hours using a simple ELISA test; therefore,
the test results are quickly available for effective clinical
decision making. Calprotectin has attracted increasing
attention in studies of food allergies [10, 14, 37, 38].
Fecal calprotectin may play an important role in food
allergies, and it is speculated that in addition to being an
inflammatory factor, calprotectin has a role in the process
of food allergies, possibly as a trigger that amplifies the
cascade reaction of allergic-related and inflammatory
factors in allergic responses [15]. In response to food
allergens, eosinophils and neutrophils are activated,
while neutrophils and epithelial cells in the intestinal
mucosa activate calprotectin, resulting in increased
levels of calprotectin [15]. Most studies have indicated
that the activation of Th2 cells is an important step in
the immune mechanism of food allergies [15, 39, 40]. In
the process of allergies, there are inflammatory features
of the Th2 cytokine environment (such as increased
eosinophils and mast cells) and local eosinophilia during
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allergies. The activation of granulocytes and neutrophils
is recruited and activated. It can be speculated that this
may lead to an increase in the expression and secretion
of calprotectin, which indicates that there may be a
process similar to inflammation in an allergic state [41].
Our previous study indicated that calprotectin may
activate DCs and related signal transduction through the
action of TLR4 to promote the differentiation of initial
CD4 + T cells into Th2-type cells and then cause allergyrelated immune responses, leading to the occurrence
of allergies. The increase in S100A8/A9 amplifies the
cascade of allergic and inflammatory factors in food
allergies [15]. Baldassarre et al. [42] compared the fecal
calprotectin levels of 30 milk protein allergic infants
with rectal bleeding and healthy infants of the same
age. The fecal calprotectin level of infants with a milk
protein allergy was significantly higher than that of the
control group (325.89 vs. 131.97 µg/g). Four weeks after
removing milk from the diet, the fecal calprotectin level
dropped by 50%; however, it was still higher than that
of the control group (157.5 vs. 93.72, p = 0.03). Beşer
et al. [13] found that infants who were allergic to milk
protein had significantly lower fecal calprotectin levels
after eliminating milk protein from the diet than before
eliminating milk protein from the diet. In addition,
the level of fecal calprotectin before the milk protein
elimination diet was significantly higher than that of
healthy infants (p = 0.011). In a preliminary study of 6
patients with a milk allergy [13], fecal calprotectin levels
were measured before dietary intervention and at 3 and
6 weeks after the initiation of protein hydrolysate formula
feeding. The fecal calprotectin level before dietary
intervention was 135–1537 mg/L (average: 557 mg/L)
and decreased to 42–219 mg/L (average: 163 mg/L) after
six weeks. The fecal calprotectin level of infants with
a milk protein allergy was compared with that before
treatment; after treatment, the fecal calprotectin level
decreased, and the clinical symptoms were alleviated
[13], which is consistent with our results. In this study,
the median fecal calprotectin values of 90 infants with a
milk protein allergy before intervention and at the first
and second follow-up visits were 410 μg/g, 253 μg/g
and 160 μg/g, respectively. With the extension of dietary
intervention and treatment time, allergic symptoms
improved, and the level of fecal calprotectin in infants
with a milk protein allergy gradually decreased. This
suggested that fecal calprotectin may be useful for
determining relapses and follow-ups after diagnosis
of a milk protein allergy, particularly an allergy with GI
involvement. Tracking fecal calprotectin levels might
reveal increases or reductions in disease activity, and it
may be useful as an inexpensive, simple, and noninvasive
test to demonstrate and assess disease activity in infants
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with a milk protein allergy. The level of fecal calprotectin
may be used to monitor the improvement in intestinal
allergies in infants with a milk allergy, which may be
used as a possible biological indicator for follow-up and
monitoring of intestinal allergies.
In this study, the number of eosinophils in the infants
with a milk protein allergy was much greater than that
in the infants with a non-milk protein allergy, and with
dietary intervention and treatment, the number of
eosinophils in the allergic infants gradually decreased
and tended to be normal. We found that the eosinophil
count (495/mm3) of the infants with a milk protein
allergy was significantly lower at the first follow-up visit
than before dietary intervention (655/mm3) and that
the number of eosinophils at the second follow-up visit
(330/mm3) was significantly lower than that at the first
follow-up visit (495/mm3). In a similar study by Dogan
et al. [43] found significantly higher eosinophil cationic
protein levels (51.45 ng/mL) and blood eosinophil counts
(475/mm3) in infants with a milk protein allergy than in
controls (17.55 ng/mL, 300/mm3). Recently, Li et al. [44]
found that in 6-month-old infants with a milk protein
allergy, eosinophil counts were higher than those of the
nonallergic group (0.89 ± 0.45/mm3 and 0.26 ± 0.12/
mm3, respectively, p < 0.01). All of the above studies
have found that infants with a milk protein allergy have
an increased number of eosinophils in their blood. The
eosinophils formed in the bone marrow have large
cytoplasmic granules, which contain eosinophil cationic
protein, eosinophil protein X, and eosinophil-derived
neurotoxin [43]. The eosinophil cationic protein encoded
by the RNASE3 gene is a cytotoxic protein that enters
the surrounding tissues when activated eosinophils
degranulate and manifests as an increase in the level of
eosinophils in the surrounding tissues [45]. Therefore,
the response to Th2-induced allergic diseases (such as
milk protein allergy, asthma and inflammatory diseases)
may increase the number of circulating eosinophils and
eosinophil cationic protein levels. Eosinophilic cationic
protein is one of the four main basic proteins in specific
granules in the cytoplasm of eosinophils. It can reflect
the activity of eosinophils and elevated levels in body
fluids such as saliva, serum and feces in the course of
inflammatory processes and allergic diseases [43]. When
inflammation and allergic reactions occur in the body, the
level of fecal calprotectin and the number of eosinophils
is increased [10, 43, 46], so the level of fecal calprotectin
and the number of eosinophils is positively correlated.
In this study, we also recorded the changes in the baby’s
weight and length before and after the intervention. From
the results of our data analysis, after dietary intervention,
the growth indicators of allergic children increased
significantly during the first and second follow-ups of the
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intervention. A study showed that [47] infants allergic
to milk protein who received amino acid-based infant
formula gained weight and exhibited a decreased allergic
performance. Children have poor growth related to lowgrade inflammation affecting GI barrier function, leading
to suboptimal nutrient absorption [30]. A diet that does
not contain milk protein, especially a large amount of
hydrolyzed formula, can reduce GI symptoms due to
changes in immune mechanisms and exercise capacity
(for example, reducing gastric emptying time) [48].
There is evidence that hydrolyzed infant formula may
have a long-term preventive effect on the development
of allergic symptoms [49]. Our research results are
similar to the above published studies, and we found that
through a dietary intervention, the height and weight of
the child gradually increased, which was better than the
levels before the intervention.
This study shows that the fecal calprotectin level
of infants with a milk protein allergy is significantly
higher than that of healthy infants without an allergy.
The level of fecal calprotectin was negatively correlated
with the growth and development of the infants with a
milk allergy. These infants were treated with a dietary
intervention, and the symptoms of intestinal allergies
were improved. The level of fecal calprotectin also
decreased with the remission of allergic symptoms.
The lower the level of fecal calprotectin was, the better
the growth and development of the infants with a milk
allergy. Fecal calprotectin may be used as a possible
marker for monitoring intestinal hypersensitivity in
infants. The level of fecal calprotectin may be used to
monitor the improvement in intestinal allergy in infants
with a milk allergy and may be used as a biological
indicator for follow-up and monitoring of intestinal
allergy. However, in a recent review by Xiong et al.
[10] including thirteen studies with IgE-mediated and
non-IgE-mediated milk protein allergies, the authors
concluded that the available evidence was not sufficient
to confirm the utilization of fecal calprotectin, neither for
diagnosis nor for the monitoring of a milk protein allergy.
This may be due to minor infections or even non-GI
infections that may affect the level of fecal calprotectin.
This fact could result in uncertain clinical interpretations
if fecal calprotectin is used as a biomarker for milk
protein allergy diagnosis in infants, as mild infections are
frequent at this age [50]. More studies are needed in the
future to determine the value of fecal calprotectin levels
in allergic diseases.
Limitations

Our study has several limitations. First, stool samples
were collected from the children’s diapers. Olafsdottir
et al. [51] reported that this method of collection
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increases the fecal calprotectin concentration by up
to 30% because water is absorbed into the diaper. This
could yield measured fecal calprotectin levels that are
higher than those actually present; therefore, direct
stool collection during excretion may be more practical
[52]. Second, we did not draw blood to detect IgE in the
milk protein allergy group, and we could not determine
whether the children had IgE-mediated or non-IgEmediated allergic reactions. Third, we did not follow up
with healthy children in this study. For ethical reasons, it
was not possible to carry out any test in the control group
to rule out the possibility of asymptomatic milk protein
allergy. The fecal calprotectin value was not detected
before the oral food challenge test. We did not determine
the calprotectin levels in patients which confirmed
CMPA who developed natural tolerance or in children
with an asymptomatic sensitization to milk. This maybe
our future work. Finally, this study had a small sample
size and short follow-up time, and a large-sample study
with a longer follow-up time is needed to investigate the
role of calprotectin in the intestinal tract of children with
food allergies.

Conclusion
The level of fecal calprotectin in infants with a milk
protein allergy decreased after a dietary intervention.
The level of fecal calprotectin may be used to monitor the
improvement of intestinal allergies in infants with a milk
allergy and may be used as a possible biological indicator
for follow-up and monitoring of intestinal allergies.
Abbreviations
LAZ: Length-for-age Z-score; WAZ: Weight-for-age Z-score; WLZ: Weight-forlength Z-score.
Acknowledgements
We would especially like to thank Professor Liming Ao for supervising this
work. We would also like to thank all the participants of the survey. We are
indebted to the many people whose contributions make such ongoing
studies possible.
Authors’ contributions
FL conceptualized and designed the study and approved the final manuscript
as submitted. LXS contributed to analysis, interpretation of data. LYQ
contributed to analyze the data, drafted the manuscript, reviewed and
revised the manuscript, and approved the final manuscript as submitted. FR
contributed to acquisition of data. JLW were responsible for administrative,
technical and material support. The authors revised the manuscript critically
for important intellectual contents and approved the final manuscript as
submitted. All authors read and approved the final manuscript.
Funding
This survey was funded by the National Natural Science Foundation of
China (No. 81703249) and the Shanghai Municipal Commission of Health
and Family Planning (201640297), Biostime Nutrition and Care of Maternal &
Child Research Funding Program (No.2017BINCMCF12). The funders had no
role in the survey design, data collection and analysis, decision to publish,
or preparation of the manuscript. The authors have indicated they have no
financial relationships relevant to this article to disclose.

Qiu et al. Allergy, Asthma & Clinical Immunology

(2021) 17:132

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The Institutional Review Board and the Committee on Research Involving
Human Subjects of Xinhua Hospital, which is affiliated with Shanghai Jiao
Tong University, approved the survey (reference number: XHEC-C-2017-144),
and the research was carried out in compliance with the Declaration of
Helsinki. All participant’s parents provided written consent prior to participate
in the survey.
Consent for publication
We have reviewed the final version of the manuscript and approve it for
publication.
Competing interests
The authors have no conflicts of interest.
Received: 30 July 2021 Accepted: 26 November 2021

References
1. Høst A. Frequency of cow’s milk allergy in childhood. Ann Allergy Asthma
Immunol. 2002;89(6 Suppl 1):33–7.
2. Gupta RS, Dyer AA, Jain N, Greenhawt MJ. Childhood food allergies:
current diagnosis, treatment, and management strategies. Mayo Clin
Proc. 2013;88(5):512–26.
3. Osborne NJ, Koplin JJ, Martin PE, Gurrin LC, Lowe AJ, Matheson MC,
Ponsonby AL, Wake M, Tang ML, Dharmage SC, Allen KJ. Prevalence of
challenge-proven IgE-mediated food allergy using population-based
sampling and predetermined challenge criteria in infants. J Allergy Clin
Immunol. 2011;127(3):668–76.
4. Gupta RS, Springston EE, Warrier MR, Smith B, Kumar R, Pongracic J, Holl
JL. The prevalence, severity, and distribution of childhood food allergy in
the United States. Pediatrics. 2011;128(1):e9-17.
5. Chen J, Liao Y, Zhang HZ, Zhao H, Chen J, Li HQ. Prevalence of food
allergy in children under 2 years of age in three cities in China. Zhonghua
Er Ke Za Zhi. 2012;50(1):5–9.
6. Tan RA, Corren J. The relationship of rhinitis and asthma, sinusitis, food
allergy, and eczema. Immunol Allergy Clin North Am. 2011;31(3):481–91.
7. Soares-Weiser K, Takwoingi Y, Panesar SS, Muraro A, Werfel T, HoffmannSommergruber K, Roberts G, Halken S, Poulsen L, van Ree R, VliegBoerstra BJ, Sheikh A. The diagnosis of food allergy: a systematic review
and meta-analysis. Allergy. 2014;69(1):76–86.
8. Zeng Y, Zhang J, Dong G, Liu P, Xiao F, Li W, Wang L, Wu Q. Assessment of
Cow’s milk-related symptom scores in early identification of cow’s milk
protein allergy in Chinese infants. BMC Pediatr. 2019;19(1):191.
9. Zhu Q, Li F, Wang J, Shen L, Sheng X. Fecal calprotectin in healthy children
aged 1–4 years. PLoS ONE. 2016;11(3):e0150725.
10. Xiong LJ, Xie XL, Li Y, Deng XZ. Current status of fecal calprotectin as
a diagnostic or monitoring biomarker for cow’s milk protein allergy in
children: a scoping review, World J Pediatrics: WJP. 2020.
11. Trillo Belizón C, Ortega Páez E, Medina Claros AF, Rodríguez Sánchez
I, Reina González A, Vera Medialdea R, Ramón Salguero JM. Faecal
calprotectin as an aid to the diagnosis of non-IgE mediated cow’s
milk protein allergy. Anales de Pediatria (Barcelona, Spain: 2003).
2016;84(6):318–23.
12. Merras-Salmio L, Kolho KL, Pelkonen AS, Kuitunen M, Mäkelä MJ,
Savilahti E. Markers of gut mucosal inflammation and cow’s milk specific
immunoglobulins in non-IgE cow’s milk allergy. Clin Transl Allergy.
2014;4(1):8.
13. Beşer OF, Sancak S, Erkan T, Kutlu T, Cokuğraş H, Cokuğraş F. Can
fecal calprotectin level be used as a markers of inflammation in the
diagnosis and follow-up of cow’s milk protein allergy? Allergy, Asthma
Immunol Res. 2014;6(1):33–8.

Page 11 of 12

14. Khan S. Testing for fecal calprotectin in food protein-induced
enterocolitis syndrome. J Investig Allergol Clin Immunol.
2018;28(4):287–8.
15. Zhu Q, Li F, Wang J, Ma J, Sheng X. Upregulation of calprotectin
in mild IgE-mediated ovalbumin hypersensitivity. Oncotarget.
2017;8(23):37342–54.
16. Li F, Ma J, Geng S, Wang J, Liu J, Zhang J, Sheng X. Fecal calprotectin
concentrations in healthy children aged 1–18 months. PLoS ONE.
2015;10(3):e0119574.
17. Lee YW, Lee KM, Lee JM, Chung YY, Kim DB, Kim YJ, Chung WC, Paik CN.
The usefulness of fecal calprotectin in assessing inflammatory bowel
disease activity. Crit Rev Clin Lab Sci. 2019;34(1):72–80.
18. Santos AF, Brough HA. Making the most of in vitro tests to diagnose
food allergy. J Allergy Clin Immunol Pract. 2017;5(2):237–48.
19. Sato S, Yanagida N, Ebisawa M. How to diagnose food allergy. Curr
Opin Allergy Clin Immunol. 2018;18(3):214–21.
20. Qamer S, Deshmukh M, Patole S. Probiotics for cow’s milk protein
allergy: a systematic review of randomized controlled trials. Eur J
Pediatr. 2019;178(8):1139–49.
21. Payot F, Lachaux A, Lalanne F, Kalach N. Randomized trial of a yogurttype amino acid-based formula in infants and children with severe
cow’s milk allergy. J Pediatr Gastroenterol Nutr. 2018;66(1):135–40.
22. Longo G, Berti I, Burks AW, Krauss B, Barbi E. IgE-mediated food allergy
in children. Lancet. 2013;382(9905):1656–64.
23. Thompson-Chagoyan OC, Vieites JM, Maldonado J, Edwards C, Gil
A. Changes in faecal microbiota of infants with cow’s milk protein
allergy–a Spanish prospective case-control 6-month follow-up study.
Pediatric Allergy Immunol. 2010;21(2 Pt 2):e394-400.
24. Martorell A, Plaza AM, Boné J, Nevot S, García Ara MC, Echeverria L,
Alonso E, Garde J, Vila B, Alvaro M, Tauler E, Hernando V, Fernández
M. Cow’s milk protein allergy. A multi-centre study: clinical and
epidemiological aspects. Allergol Immunopathol. 2006;34(2):46–53.
25. Matthai J, Sathiasekharan M, Poddar U, Sibal A, Srivastava A, Waikar
Y, Malik R, Ray G, Geetha S, Yachha SK. Guidelines on diagnosis
and management of cow’s milk protein allergy. Indian Pediatr.
2020;57(8):723–9.
26. Li F, Ma J, Geng S, Wang J, Ren F, Sheng X. Comparison of the different
kinds of feeding on the level of fecal calprotectin. Early Hum Dev.
2014;90(9):471–5.
27. Liu JR, Sheng XY, Hu YQ, Yu XG, Westcott JE, Miller LV, Krebs NF,
Hambidge KM. Fecal calprotectin levels are higher in rural than in
urban Chinese infants and negatively associated with growth. BMC
Pediatr. 2012;12:129.
28. Muraro A, Werfel T, Hoffmann-Sommergruber K, Roberts G, Beyer
K, Bindslev-Jensen C, Cardona V, Dubois A, duToit G, Eigenmann
P, Fernandez Rivas M, Halken S, Hickstein L, Høst A, Knol E, Lack G,
Marchisotto MJ, Niggemann B, Nwaru BI, Papadopoulos NG, Poulsen LK,
Santos AF, Skypala I, Schoepfer A, Van Ree R, Venter C, Worm M, VliegBoerstra B, Panesar S, de Silva D, Soares-Weiser K, Sheikh A, Ballmer-Weber
BK, Nilsson C, de Jong NW, Akdis CA. EAACI food allergy and anaphylaxis
guidelines: diagnosis and management of food allergy. Allergy.
2014;69(8):1008–25.
29. Koletzko S, Niggemann B, Arato A, Dias JA, Heuschkel R, Husby S, Mearin
ML, Papadopoulou A, Ruemmele FM, Staiano A, Schäppi MG, Vandenplas
Y. Diagnostic approach and management of cow’s-milk protein allergy
in infants and children: ESPGHAN GI Committee practical guidelines. J
Pediatr Gastroenterol Nutr. 2012;55(2):221–9.
30. Meyer R, Groetch M, Venter C. When should infants with cow’s milk
protein allergy use an amino acid formula? A practical guide. J Allergy
Clin Immunol Pract. 2018;6(2):383–99.
31. Fiocchi A, Brozek J, Schünemann H, Bahna SL, von Berg A, Beyer K,
Bozzola M, Bradsher J, Compalati E, Ebisawa M, Guzmán MA, Li H, Heine
RG, Keith P, Lack G, Landi M, Martelli A, Rancé F, Sampson H, Stein A,
Terracciano L, Vieths S. World allergy organization (WAO) diagnosis and
rationale for action against cow’s milk allergy (DRACMA) guidelines.
Pediatric Allergy Immunol. 2010;21(Suppl 21):1–125.
32. Palmer DJ, Gold MS, Makrides M. Effect of cooked and raw egg
consumption on ovalbumin content of human milk: a randomized,
double-blind, cross-over trial. Clin Exp Allergy. 2005;35(2):173–8.

Qiu et al. Allergy, Asthma & Clinical Immunology

(2021) 17:132

33. Dipasquale V, Serra G, Corsello G, Romano C. Standard and specialized
infant formulas in Europe: making, marketing, and health outcomes. Nutr
Clin Pract. 2020;35(2):273–81.
34. Røseth AG, Fagerhol MK, Aadland E, Schjønsby H. Assessment of the
neutrophil dominating protein calprotectin in feces. A methodologic
study. Scand J Gastroenterol. 1992;27(9):793–8.
35. Ricciuto A, Griffiths AM. Clinical value of fecal calprotectin. Crit Rev Clin
Lab Sci. 2019;56(5):307–20.
36. Khaki-Khatibi F, Qujeq D, Kashifard M, Moein S, Maniati M, VaghariTabari M. Calprotectin in inflammatory bowel disease. Clin Chim Acta.
2020;510:556–65.
37. Paek EY, Yi DY, Kang B, Choe BH. Fecal calprotectin as a marker of
gastrointestinal involvement in pediatric Henoch-Schönlein purpura
patients: a retrospective analysis. BMC Pediatr. 2020;20(1):374.
38. Seo SC, Ahn SH, Ri S, Yoon Y, Byeon JH, Kim SH, Yoon W, Yoo Y. Elevated
fecal calprotectin levels are associated with severity of atopic dermatitis
in children. Asian Pac J Allergy Immunol. 2018;36(2):82–7.
39. Mathias CB, Hobson SA, Garcia-Lloret M, Lawson G, Poddighe D,
Freyschmidt EJ, Xing W, Gurish MF, Chatila TA, Oettgen HC. IgE-mediated
systemic anaphylaxis and impaired tolerance to food antigens in
mice with enhanced IL-4 receptor signaling. J Allergy Clin Immunol.
2011;127(3):795–805.
40. Kordowski A, Reinicke AT, Wu D, Orinska Z, Hagemann P, Huber-Lang M,
Lee JB, Wang YH, Hogan SP, Köhl J. C5a receptor 1(-/-) mice are protected
from the development of IgE-mediated experimental food allergy.
Allergy. 2019;74(4):767–79.
41. Morita H, Nomura I, Matsuda A, Saito H, Matsumoto K. Gastrointestinal
food allergy in infants. Allergol Int. 2013;62(3):297–307.
42. Baldassarre ME, Laforgia N, Fanelli M, Laneve A, Grosso R, Lifschitz C.
Lactobacillus GG improves recovery in infants with blood in the stools
and presumptive allergic colitis compared with extensively hydrolyzed
formula alone. J Pediatr. 2010;156(3):397–401.
43. Dogan E, Sevinc E. The vitamin D status and serum eosinophilic cationic
protein levels in infants with cow’s milk protein allergy. Am J Transl Res.
2020;12(12):8208–15.
44. Li J, Mei X, Cai X, Zhuo Y, Zhang L, Guo H, Yang H, Yang G. Association of
blood eosinophilia and vitamin D insufficiency in young infants with cow
milk allergy. Asia Pac J Clin Nutr. 2019;28(3):550–7.
45. Kang I, An XH, Oh YK, Lee SH, Jung HM, Chae SC, Lee JH. Identification
of polymorphisms in the RNase3 gene and the association with allergic
rhinitis. Eur Arch Otorhinolaryngol. 2010;267(3):391–5.
46. Wright BL, Fernandez-Becker NQ, Kambham N, Purington N, Cao S, Tupa
D, Zhang W, Sindher SB, Rank MA, Kita H, Katzka DA, Shim KP, Bunning
BJ, Doyle AD, Jacobsen EA, Tsai M, Boyd SD, Manohar M, Chinthrajah
RS. Gastrointestinal eosinophil responses in a longitudinal, randomized
trial of peanut oral immunotherapy. Clin Gastroenterol Hepatol.
2020;19(6):1151–9.
47. Vanderhoof J, Moore N, de Boissieu D. Evaluation of an amino acid-based
formula in infants not responding to extensively hydrolyzed protein
formula. J Pediatr Gastroenterol Nutr. 2016;63(5):531–3.
48. D’Auria E, Salvatore S, Pozzi E, Mantegazza C, Sartorio MUA, Pensabene
L, Baldassarre ME, Agosti M, Vandenplas Y, Zuccotti G. Cow’s milk allergy:
immunomodulation by dietary intervention. Nutrients. 2019;11(6):1399.
49. von Berg A, Filipiak-Pittroff B, Krämer U, Hoffmann B, Link E, Beckmann
C, Hoffmann U, Reinhardt D, Grübl A, Heinrich J, Wichmann HE, Bauer
CP, Koletzko S, Berdel D. Allergies in high-risk schoolchildren after early
intervention with cow’s milk protein hydrolysates: 10-year results from
the German Infant Nutritional Intervention (GINI) study. J Allergy Clin
Immunol. 2013;131(6):1565–73.
50. Roca M, Donat E, Rodriguez Varela A, Carvajal E, Cano F, Armisen A, Ekoff
H, Cañada-Martínez AJ, Rydell N, Ribes-Koninckx C. Fecal calprotectin and
eosinophil-derived neurotoxin in children with non-IgE-mediated cow’s
milk protein allergy. J Clin Med. 2021;10(8):1595.
51. Olafsdottir E, Aksnes L, Fluge G, Berstad A. Faecal calprotectin levels in
infants with infantile colic, healthy infants, children with inflammatory
bowel disease, children with recurrent abdominal pain and healthy
children. Acta Paediatr. 2002;91(1):45–50.
52. Sýkora J, Siala K, Huml M, Varvařovská J, Schwarz J, Pomahačová R.
Evaluation of faecal calprotectin as a valuable non-invasive marker
in distinguishing gut pathogens in young children with acute
gastroenteritis. Acta Paediatr. 2010;99(9):1389–95.

Page 12 of 12

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

