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Abstract
Background: Cow’s milk protein allergy (CMPA) is an abnormal immune response caused by 
milk proteins and is most common in infancy and early childhood. Statistics revealed up to 
7.5% of children suffered from milk allergy. Its clinical symptoms were characterized by diver-
sity, non-specificity, and can affect multiple systems, including the digestive tract, skin, and 
respiratory tract. In this study, we aimed to investigate the effects of IL-12, IL-16, and IL-17A 
on diagnosing and monitoring CMPA in children for clinical treatment.
Methods: A total of 158 infants with CMPA and 89 healthy babies were recruited and evalu-
ated. Demographic and clinical information of all participants were recorded. An extensive 
analysis of inflammatory cytokine levels, including IL-12, IL-16, and IL-17A, was performed in 
blood samples from 247 infants younger than 9 months. Meanwhile, the serological specificity 
immunoglobulin E (sIgE) levels were evaluated. In addition, the area under the curve (AUC) 
values of IL-12, IL-16, and IL-17A in differentiating CMP from healthy babies were measured 
by receiver operating characteristic analysis. Finally, the correlation between sIgE and IL-12, 
IL-16, and IL-17A levels were detected using Spearman correlation analysis.
Results: Compared with healthy control, infants who developed CMPA had decreased  
IL-12, increased IL-16, and IL-17A. Moreover, a significant correlation between serum IL-12, 
IL-16, IL-17A and sIgE levels was observed in the CMPA group. In addition, AUC values of 
IL-12, IL-16, and IL-17A in discriminating CMPA from healthy infants were 0.8425, 0.9196, and 
0.8813, respectively. Finally, IL-12 was increased while IL-16 and IL-17A levels were decreased 
in the CMPA group after three months of milk avoidance treatment. 
Conclusions: We found that IL-12, IL-16, and IL-17A levels in children with CMPA were associated 
with SCORAD scores, sIgE levels, and disease severity, functioning as valuable disease-monitor 
markers in CMPA.
© 2022 Codon Publications. Published by Codon Publications.
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Introduction

Food allergy is an adverse reaction to a specific food medi-
ated by an immune mechanism and repeatedly occurs.1–5 

Although any food can trigger allergic reactions, com-
mon food allergens include eggs, milk, peanut, other 
nuts, shellfish, wheat, and soy can cause severe allergic 
reactions,6–8 among them, allergy to milk was defined as 
cow’s milk protein allergy (CMPA), the most common food 
allergy disease in children.9 It has been reported inter-
nationally that about 0.6%–0.9% of infants suffered from 
CMPA,10 and in some developing countries, the incidence 
even reached 2–3%.11 Milk was the main source of food and 
nutrition for infants and young children, and CMPA might 
affect their dietary sources and growth. The treatment 
principle for CMPA was to avoid cow’s milk protein and 
switch to a hypoallergenic formula, supporting children’s 
growth while waiting for tolerance to develop.

Up to date, the incidence of CMPA was increasing, 
which may be due to a decrease in breastfeeding and 
increase in milk-based formula feeding. Most children with 
CMPA presented with mild allergic symptoms, including 
urticaria, vomiting, cough, and dizziness.12 However, in a 
few cases, some children had more severe clinical aller-
gic reactions, such as anaphylaxis.13 Approximately 60% 
of milk-induced adverse reactions were caused by immu-
noglobulin E (IgE), affecting one or more organs.14 The 
typical symptoms of IgE-mediated CMPA often appeared 
within 1–2 h of milk ingestion. Conventional CMPA diag-
nostic methods included avoidance-provocation test, sero-
logical specificity immunoglobulin E (sIgE) testing, skin 
prick testing (SPT), and patch testing.15 These tests were 
mainly based on crude milk extracts as capture antigens. 
The tests’ diagnostic specificity based on crude extracts 
as capture antigens were insufficient due to the pres-
ence of allergenic and non-allergenic components in the 
crude extracts.16 Due to the possible absence of allergenic 
ingredients in the extraction process, the interference of 
non-allergenic components in the tests, and the possibil-
ity that some allergenic components may act as pan-aller-
gens, the accuracy and specificity of diagnosis remained to 
be promoted.17

CMPA, as an allergic disease, was often associated with 
chronic inflammation characterized by infiltration and 
aggregation of eosinophils, T cells, and mast cells.18 For 
example, it has been reported that serum expression of 
IL-10 were markedly decreased CMPA children in compar-
ison with the healthy controls;19 Furthermore, in children 
with CMPA, it was observed that the levels of TNFα, IL-6, 
IL-12 (Th1), IL-4, IL-10, IL-13 (Th2), and IL-17 were higher 
in the rectum than duodenum.20 In this study, we aimed 
to investigate the roles of three inflammatory cytokines, 
IL-12, IL-16, and IL-17A in CMPA diagnosis and treatment 
response.

Methods

Participant recruitment and sample processing

The diagnosis of CMPA was based on the positive results 
of cow’s protein avoidance-provocation test as previously 

described.21 CMPA symptoms included the persistent dis-
tress or colic, gastrointestinal disorders, stools blood, 
chronic cough, wheezing and dermatological disor-
ders. Infants <9 months of age who attended the pedi-
atric gastroenterology outpatient clinic were recruited 
from the First People’s Hospital of Lianyungang, Xuzhou 
Medical University Affiliated Hospital of Lianyungang, 
the First Affiliated Hospital of Kangda College of Nanjing 
Medical University between May 2017 and July 2019. 
The Ethics Committee of the First People’s Hospital of 
Lianyungang, Xuzhou Medical University Affiliated Hospital 
of Lianyungang, the First Affiliated Hospital of Kangda 
College of Nanjing Medical University approved this study. 
Demographic information and clinical parameters were 
recorded in Table 1. Healthy controls were included as fol-
lows: (1) age <9 months at the time of consultation: (2) full-
term parity, singleton, birth weight 2.5–4.0 kg, no maternal 
risk factors during pregnancy; (3) artificial feeding (regu-
lar infant formula); (4) born in the First People’s Hospital 
of Lianyungang, Xuzhou Medical University Affiliated 
Hospital of Lianyungang, the First Affiliated Hospital of 
Kangda College of Nanjing Medical University hospital or 
Lianyungang city; (5) guardians agreed to participate in this 
study and signed informed consent forms. Exclusion criteria 
of all subjects included: (1) congenital genetic proneness; 
(2) congenital malformations, structural abnormalities of 
the digestive tract; (3) acute infectious diseases in the last 
1 month. Blood samples (5 mL/infant) of the CMPA patients 
and healthy controls were taken from all subjects after 
receiving informed consent.

sIgE measurement and evaluation 
of serum cytokines

According to the manufacturer’s instructions, serological 
specificity immunoglobulin E (sIgE) levels were determined 
by ImmunoCAP100 system (Phadia, Uppsala, Sweden).

The IL-12, IL-16, and IL-17A enzyme-linked immunosor-
bent assay (ELISA, all purchased from Beyotime, Shanghai, 
China) kits were used to detect on microtiter plates follow-
ing the protocol. Blood samples in the CMPA group were 
collected at the time of CMPA diagnosis and after three 
months of not drinking milk to determine the response of 
IL-12, IL-16, and IL-17A to CMPA, respectively.

Table 1  Demographic and clinical information of all subjects

Variables CMA group  
(n = 158)

Healthy controls  
(n = 89)

P value

Age (months) 2.9 ± 2.4 2.5 ± 3.1 0.2599
Gender 0.5067

Male 69 35
Female 89 54

Weight (kg) 5.5 ± 1.1 5.8 ± 1.3 0.0554
Family allergic history 87 10 <0.0001
sIgE (UI/mL) 375.5 ± 11.6 35.8 ± 7.5 <0.0001

CMA, cow’s milk allergy; sIgE, serum immunoglobulin E
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chi-square test was applied for the comparison. Spearman 
correlation test established the correlation between vari-
ables. ROC curves analyzed the capacity of discrimina-
tion between groups for the different variables. GraphPad 
PRISM (version 7.0, GraphPad Software, San Diego, CA, 
USA) was applied for drawing graphs. P-value <0.05 was 
considered significant.

Results

Demographic and clinical information of all 
enrolled infants

Basic information from 158 CMPA and 89 healthy control 
children were recorded and compared in Table 1. As shown 
in Table 1, there were no significant differences in age, 
gender, and weight between the two groups. However, 
allergic family history and sIgE indexed presented signifi-
cant differences between CMPA and healthy control.

Decreased IL-12 and elevated IL-16 and IL-17A 
expressions in CMPA group

To measure serum concentrations of IL-12, IL-16, and IL-17A 
in two groups, ELISA assays were conducted. As demon-
strated in Figure 1A–C, IL-12 was reduced whereas IL-16 and 
IL-17A were significantly elevated in serum samples from 
CMPA infants compared with healthy control infants.

Procedures of CMPA avoidance-provocation test

Cow’s protein avoidance-provocation test was performed 
as previously described.19 All participants fasted for at 
least 2 h before the test. One drop of milk was put on the 
children’s mouths and lips, and they observed any aller-
gic symptoms. If there was no reaction after 15 min, the 
amount was increased every 20 min, gradually increas-
ing the amount to 3, 10, 30, and 100 mL. The children’s 
vital signs, skin, respiratory, and gastrointestinal reactions 
were observed. If no allergic symptoms occurred, the chil-
dren could go home and continue to be observed for 1 to 
2  weeks, eating at least 250 mL of the milk used in the 
provocation test daily, without adding new foods or using 
anti-allergic drugs and having the parents keep dietary 
records. If any allergy-related symptoms occurred, they 
should be reported to the hospital promptly so that the 
doctor can evaluate and determine whether it was CMPA. 
If the child did not show any allergic symptoms after 2 
weeks, CMPA could be ruled out.

Statistical analysis

Statistical analysis was performed using SPSS software (ver-
sion 22.0; IBM, New York). The Kolmogorov–Smirnov test 
was performed to determine the distribution of variables. 
Non-parametric Mann–Whitney test was used for compari-
son between groups. Data are shown as mean ± standard 
error of the mean (SEM). For categorical variables, 
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Figure 1  Expressions of IL-12, IL-16, and IL-17A in CMPA infants and healthy children. Levels of IL-12 (A), IL-16 (B), and IL-17A (C) in 
CMPA infants and healthy children. **P<0.01. 
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Aberrant IL-12, IL-16, and IL-17A could discriminate 
between CMPA infants and healthy controls

To verify IL-12, IL-16, and IL-17A as the definitive diagnosis 
of CMPA, the receiver operating characteristic (ROC) assays 
were performed accordingly. As displayed in Figure 3A–C, 
the area under the curves (AUCs) of IL-12, IL-16, and IL-17A 
in differentiating CMPA from healthy controls were 0.9442 
(95% CI, 0.9155–0.9730), 0.9553 (95% CI, 0.9303–0.9804) and 
0.7744 (95% CI, 0.7151–0.8332).

Association between inflammatory cytokines 
levels and sIgE

Patients with allergy or hypersensitivity had significantly 
higher sIgE than normal individuals. Detection of the body’s 
IgE levels can identify the immune function status, help 
diagnose immune hyperplasia, immunodeficiency, infec-
tion, autoimmune, and other immune-related diseases. 
Results in Figure 2A–C illustrated that IL-12, IL-16, and IL-17A 
were associated with sIgE levels in CMPA infants.
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Figure 2  Correlation between inflammatory cytokines levels and sIgE. (A-C) Correlation analysis between IL-12, IL-16, IL-17A, and 
sIgE levels in CMPA. 
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Figure 3  ROC analysis of IL-12, IL-16, and IL-17A in differentiating CMPA from healthy controls. The area under the curves (AUCs) 
of IL-12 (A), IL-16 (B), and IL-17A (C) in discriminating CMPA from healthy infants. 
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Th2-like factors such as IL-4 and IL-13, thereby suppress-
ing the Th2-type response.28,29 IL-17A, a member of the 
IL-17 family, may induce the expression of inflammatory 
factors and chemokines, thereby recruiting more immune 
cells to the site of inflammation and exacerbating the 
organism’s inflammatory response.30 In allergic diseases, 
IL-12, IL-16, and IL-17A were reported to be dysregulated 
in allergic contact dermatitis,31,32 allergic rhinitis,33–35 and 
allergic asthma.36–38 In this study, for the first time we 
found that IL-12 was decreased whereas IL-16 and IL-17A 
were prominently increased in serum samples from CMPA 
infants compared with healthy controls, high sensitivity, 
and specificity of discriminating CMPA from healthy con-
trols. Meanwhile, IL-12, IL-16, and IL-17A expressions were 
also verified to be correlated with sIgE levels, further 
illustrating the potentials in CMPA diagnosis. Finally, after 
3 months of milk protein avoidance treatment, levels of 
IL-12 were elevated whereas IL-16 and IL-17A were gradu-
ally decreased in relation with those at diagnosis.

This study has limitations. First, this work was based 
on the Chinese Han population, and the results of this 
work should be confirmed by the children of other races. 
Second, more samples should be included in future study 
to further confirm the results.

In conclusion, we reviewed and evaluated the utilities 
of IL-12, IL-16, and IL-17A, as potential biomarkers for diag-
nosis, monitoring, and prediction in children with CMPA. 
However, further studies in larger cohorts of infants must 
be conducted to confirm the value of these markers.

Variance of IL-12, IL-16, and IL-17A was associated 
with the progress of CMPA treatment

Finally, we followed CMPA infants for 3 months after avoid-
ing milk treatment. As shown in Figure 4A–C, the expression 
of IL-12 was increased whereas IL-16 and IL-17A was remark-
ably decreased after 3 months of treatment compared with 
the first diagnosis.

Discussion

As one of the most common allergic diseases in infants 
and children, CMPA was considered the beginning of 
allergic diseases. The specific pathogenesis of CMPA was 
currently unknown. Mechanically, Th1/Th2 changes and 
deficiency of T-cell regulatory factors were the main 
pathogenesis of CMPA.22,23 In IgE-mediated CMPA, Th2 
cells stimulated specific IgE production, whereas non-IgE-
mediated CMPA may be due to Th1-mediated inflamma-
tory response.24 Interleukins (ILs), a class of cytokines, 
were produced by various immune cells and might act 
on many cells. As reported, ILs played crucial roles in 
activating and regulating immune cells,25 mediating the 
activation, proliferation, and differentiation of T or B 
cells in the inflammatory response.26 IL-12 was a deter-
minant of the Th1 cell immune response and can effec-
tively promote the production of Th1-like cytokines such 
as IFN-γ,27 contrarily, it can also inhibit the production of 
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Figure 4  The response of IL-12, IL-16, and IL-17A to CMPA treatment. The variance of IL-12 (A), IL-16 (B), and IL-17A (C) levels in 
CMPA group at diagnosis and three months after CMPA treatment. **P<0.01, ***P<0.001. 
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