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Abstract
Background: Food allergy (FA), hence the incidence of food anaphylaxis, is a public health 
problem that has increased in recent years. There are still no biomarkers for patients with FA 
to predict severe allergic reactions such as anaphylaxis.
Objective: There is limited information on whether regulatory T (Treg) cell levels are a bio-
marker that predicts clinical severity in cases presenting with FA, and which patients are at a 
greater risk for anaphylaxis.
Methods: A total of 70 children were included in the study: 25 who had IgE-mediated cow’s 
milk protein allergy (CMPA) and presented with non-anaphylactic symptoms (FA/A−), 16 who 
had IgE-mediated CMPA and presented with anaphylaxis (FA/A+) (a total of 41 FA cases), and a 
control group consisting of 29 children without FA. The study was conducted by performing 
CD4+CD25+CD127loFOXP3+ cell flow cytometric analysis during resting at least 2 weeks after 
the elimination diet to FA subjects.
Results: When the FA group was compared with healthy control subjects, CD4+CD25+CD127loFOXP3+ 
cell rates were found to be significantly lower in the FA group (p < 0.001). When the FA/A− and 
FA/A+ groups and the control group were compared in terms of CD4+CD25+CD127loFOXP3+ cell 
ratios, they were significantly lower in the FA/A− and FA/A+  groups  compared to the control 
group (p < 0.001).
Conclusions: Although there was no significant difference between the FA/A+ group and the FA/ 
A−  group  in terms of CD4+CD25+CD127loFOXP3+ cells, our study is important, as it is the first 
pediatric study we know to investigate whether CD4+CD25+CD127loFOXP3+ cells in FA   predict 
anaphylaxis.
© 2023 Codon Publications. Published by Codon Publications.
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IgE-mediated cow’s milk protein allergy (CMPA) patients 
presenting with anaphylaxis (regardless of the severity of 
the anaphylaxis) (FA/A+) compared to patients presenting 
with non-anaphylactic symptoms (FA/A−) and the control 
group. We searched for the answer to the question, “Are 
CD4+CD25+CD127loFOXP3+ Tregs lower in the group pre-
senting with anaphylaxis compared to other groups?” We 
compared the groups in terms of clinical and laboratory 
parameters.

Material and Methods

Subjects

Cases selected were 53 patients diagnosed with IgE-
mediated CMPA, confirmed by specific IgE, SPT, and open 
oral food challenge (OFC), between the years 2016–2022 at 
İzmir S.B.U. Dr. Behçet Uz Pediatric Diseases and Surgery 
Training and Research Hospital, Pediatric Allergy Clinic. 
Oral steroid users, food protein-induced enterocolitis, and 
other non-IgE-mediated food allergies were not included in 
the study. Among the 53 cases selected, 41 agreed to par-
ticipate in the study. The study was completed with a total 
of 41 cases. As the control group, 29 non-atopic, healthy 
children of similar age without chronic disease were 
included.

Methods

The diagnosis of IgE-mediated CMPA was made by clinical 
criteria, serum-specific IgE, SPT with specific food aller-
gens, and open OFC. Serum samples were analyzed for 
serum-specific IgE using an UniCAP 100 system fluores-
cence enzyme immunoassay (Phadia, Uppsala, Sweden). 
The lowest limit of detection of the assay was 0.35 kUA/L. 
SPTs were performed by trained physicians on the volar 
surface of the forearm of each patient using a commercial 
extract of milk (ALK Abelló, Horsholm, Denmark). The tests 
were always performed with a histamine positive control 
and a saline negative control. A mean wheal diameter 
greater than 3 mm after 15 min of testing the allergen 
extracts was accepted as a positive result. The OFC test 
was an open protocol. OFCs were started using 1 mL of 
pasteurized cow milk with a 3.3% protein content and con-
tinued with increasing amounts of undiluted cow milk at 1, 
1.5, 3, 6, 12, 24, 50, and 100 mL until a reaction was noted. 
The results of the oral challenge were considered positive 
when objective symptoms occurred. Early and late objec-
tive reactions such as urticaria, angioedema, airway 
obstruction signs, vomiting, and anaphylaxis were assessed. 
We did not stop the OFCs for subjective reactions such as 
pruritus, not feeling well, and abdominal pain.

Flow cytometric analysis

Blood samples for the evaluation of transcription factor- 
forkhead box P3 (FOXP3) were collected from FA patients 
at least 2 weeks after entering an elimination diet. As the 
control group, samples were collected similarly to those 

Introduction 

The frequency of food allergy (FA), hence the frequency of 
food anaphylaxis, is a public health problem that has 
increased in recent years. Estimating the risk of a severe 
reaction is one of the most important knowledge gaps in 
the management of cases with FA.1 Although there are 
many factors that affect the severity of reactions in cases 
with FA, the presence of biomarkers that predict severe 
allergic reaction will be useful for identifying high-risk 
patients, who are more prone to severe allergic reactions 
and require closer monitoring.2

Various factors can affect the severity of allergic reac-
tions, such as allergen-related factors, IgE-mediated immune 
response-related factors, comorbid diseases, sex, genetic 
predisposition, co-factors, timely and effective treatment, 
and the host’s ability to compensate for food allergens.2–4

In studies, prior anaphylaxis was found to be the best 
predictor of future anaphylaxis. However, prior anaphy-
laxis is not a good predictor, perhaps because it depends 
on various factors such as severity, level of allergen expo-
sure, and the presence of co-factors. In addition, the 
absence of prior anaphylaxis does not exclude the risk of 
future anaphylaxis. In some individuals, any active allergic 
disease may increase the severity of anaphylaxis, however, 
there is no data indicating that it causes an increased risk 
of fatal or near-fatal anaphylaxis.1 The relationship between 
dose/level of exposure and severity is complex and unclear. 
Individuals who react to lower amounts of allergens are not 
necessarily at higher risk of anaphylaxis. There is no solid 
evidence that individuals with FA who react to very low 
allergen levels are at higher risk of anaphylaxis.1 It has 
been suggested that a lack of baked milk tolerance may be 
a marker of a more severe allergy to cow’s milk; however, 
it has not been prospectively evaluated.1,5

Apart from these, factors related to an IgE-mediated 
immune response seem more likely to serve as biomarkers 
of the severity of allergic reactions.2 Evidence that serum 
quantitative levels of allergen-specific IgE or skin prick test 
(SPT) wheal sizes reflect the severity of severe allergic 
reactions with casein-specific IgE elevation is conflicting.1,2 
Results of cellular tests such as the basophil activation test 
(BAT) and mast cell activation test (MAT) depend on vari-
ous factors such as the amount, specificity, diversity, and 
avidity of IgE for food allergens.2 In a recently conducted 
large study, BAT was indeed reported as the best severity 
biomarker identified, either alone or in combination with 
other biomarkers.6 However, it was emphasized that BAT 
was inferior to peanut-specific IgE, Ara h 2, and even SPT in 
predicting any anaphylaxis (other than life-threatening 
anaphylaxis).6–8

Elevated baseline mast cell tryptase for FA does not 
seem to be associated with clinical severity, either.9–11 
Unfortunately, no biomarker has been found to predict a 
severe reaction in cases with FA.2 There is limited informa-
tion on whether Treg levels are a biomarker that predicts 
clinical severity in cases presenting with FA, and which 
patients are at greater risk for anaphylaxis. As far as we 
know, no study has been conducted on how Tregs change in 
cases presenting with FA.

In this study, we commenced on the assumption  
that CD4+CD25+CD127loFOXP3+ Tregs would be lower in 
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test for the comparison of categorical data. The categori-
cal data are expressed as a percentage of the number (n) 
of children evaluated. The level of significance for the 
analyses was p < 0.05.

Ethics

The study was approved by the University of Health 
Sciences, Dr. Behçet Uz Children’s Hospital, Clinical 
Research Ethics Committee, 2014/16, and written informed 
consent was obtained from all parents of child subjects.

Results

A total of 70 children were included in the study: 25  
who had IgE-mediated CMPA and presented with non- 
anaphylactic symptoms (FA/A−), 16 who had IgE-mediated 
CMPA and presented with anaphylaxis (FA/A+) (a total of  
41 FA cases), and a control group consisting of 29 children 
without FA. The study was conducted by performing 
CD4+CD25+CD127loFOXP3+ cell flow cytometric analysis 
during resting at least 2 weeks after the elimination diet in 
subjects with FA.

In the FA group, 36.6% of subjects were female (n = 15) 
and 63.4% were male (n = 26), whereas 41.4% of the sub-
jects in the control group were female (n = 12) and 58.6% 
were male (n = 17). The mean age of the FA group was 
25.60 ± 16.59 (6–72) months, and the mean age of the con-
trol group was 21.44 ± 13.66 (6–53) months (Table 1).

When the FA group was compared with the control sub-
jects, the FA group CD4+CD25+CD127loFOXP3+ cell counts 
and rates were found to be significantly lower (p < 0.001 
and p < 0.001, respectively) (Table 1, Figure 1). In the FA/
A− and the FA/A+ groups, CD4+CD25+CD127loFOXP3+ cell 
numbers and rates were significantly lower compared to the 
control group (p < 0.001 and p < 0.001, respectively) (Table 
2). When the FA/A− and the FA/A+ groups were compared 
within themselves in terms of CD4+CD25+CD127loFOXP3+ 
cell numbers and rates, no significant difference was found 
between the two groups (p = 0.390 and p = 0.614, respec-
tively) (Table 3). When the FA group and control subjects 
were compared in terms of mean fluorescence intensity 

from the patient group in 29 patients of the same age who 
did not have any additional allergic or chronic diseases. 
Examinations were carried out at the Immunology labora-
tory of University of Health Sciences, Dr. Behçet Uz 
Children’s Hospital using a device with a FC 500 Flow 
Cytometer and CXP software. Samples of peripheral blood 
were collected in EDTA anticoagulant tubes. Freshly col-
lected blood samples were stained within 15 min after 
arrival at the laboratory with each conjugated monoclonal 
antibodies (mAb). The following commercial mAbs were 
used: fluorescein isothiocyanate (FITC) mouse anti-human 
CD25 (clone: M-A251, BD Pharmingen, USA), peridinin chlo-
rophyll protein complex (PerCP) mouse anti-human CD4 
(clone: L200, BD Pharmingen, USA), and phycoerythrin 
cyanin 7 (PC7) mouse anti-human CD127 (clone: R34.34, 
Beckman Coulter, France). After surface staining, cells 
were stained intracellularly for FOXP3 according to the 
manufacturer’s recommendations (Human FOXP3 Buffer 
Set; BD Pharmingen, USA), and treated with phycoerythrin 
(PE) mouse anti-human FOXP3 (clone: 259D/C7 BD 
Pharmingen, USA). Four-color flow cytometry analysis was 
done with the FC500 Flow Cytometer (Beckman Coulter). 
Treg cells were evaluated as a percentage of 
CD4+CD25+FOXP3+CD127lo cells among total CD4+T cells. 
Low IL-7Rα (CD127lo) expression, high IL-2Rα (CD25hi), and 
FOXP3 expression were used as they were reported to per-
fectly identify Tregs in previous studies.12

The anaphylaxis diagnosis was made based on anaphy-
laxis guidelines from the European Academy of Allergy and 
Clinical Immunology anaphylaxis clinical criteria.13

Statistics

IBM SPSS version 22.0 (Armonk, New York, United States) 
was used for all statistical analyses. The Kolmogorov–
Smirnov test was used to test the normality of variables. 
Parametric methods were used for the analysis of variables 
with a normal distribution, whereas non-parametric meth-
ods were used for the analysis of variables that were not 
normally distributed. Comparisons of continuous variables 
were made with the independent-samples t-test and Mann–
Whitney U test, as appropriate. Pearson’s chi-square and 
linear-by-linear association tests were used with an exact 

Table 1 Characteristics of the FA group and the control group.

FA group Control group P

n (%) 41 (58.57) 29 (41.42)
Age (months) 25.60 ± 16.59 21.44 ± 13.66
Boys, n (%) 26 (63.41) 17 (58.62)
Concentration of lymphocytes (cells/µL) 5015.60 ± 1995.05 5104.34 ± 2148.37 0.605
CD4+CD25+CD127lo 4.65 ± 1.77 6.5 ± 1.06 <0.001
CD4+CD25+CD127loFOXP3+ Treg cells (%)* 4.12 ± 1.53 6.43 ± 1.04 <0.001
CD4+CD25+CD127loFOXP3+ Treg cells (cells/µL)* 4.30 ± 5.15 5.15 ± 2.60 <0.001
MFI of FOXP3 in CD4+ CD25+ CD127low FOXP3+ Treg cells 4.18 ± 1.37 3.76 ± 1.63 0.088

Data is presented as mean ± SD. P < 0.05 was considered statistically significant. (in CD4+ T cells)* 
FA, food allergy; MFI, mean fluorescence intensity.
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Figure 1 Flow cytometry analysis of Treg cells in patient (FA) and healthy control. FA: Food allergy, HC: Healthy control.
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Table 2 FA/A−, FA/A+ group and control group characteristics.

FA/A− group FA/A+ group Control group P

25 (35.71) 16 (22.85) 29 (41.42)
5304.40 ± 2135.04 4564.37 ± 1721.70 5104.34 ± 2148.37 0.536
4.49 ± 1.53 4.9 ± 2.12 6.5 ± 1.06 <0.001
3.96 ± 1.24 4.38 ± 1.91 6.43 ± 1.04 <0.001
3.40 ± 4.64 5.70 ± 5.73 5.15 ± 2.60 <0.001

n (%)
Concentration of lymphocytes (cells/µL) 
CD4+CD25+CD127lo

CD4+CD25+CD127loFOXP3+ Treg cells (%)* 
CD4+CD25+CD127loFOXP3+ Treg cells (cells/µL)* 
MFI of FOXP3 in CD4+ CD25+ CD127low FOXP3+  
Treg cells

4.16 ± 1.38 4.27 ± 1.47 3.76 ± 1.63 0.232

Data is presented as mean ± SD. P < 0.05 was considered statistically significant. (in CD4+ T cells)* 
FA/A−, children with food allergy and without anaphylaxis; FA/A+, children with food allergy and with anaphylaxis; MFI, mean 
fluorescence intensity.

(MFI) of FOXP3 in CD4+ CD25+ CD127low FOXP3+ Treg cells, 
no significant difference was found between the groups (p = 
0.088) (Table 1).

The FA/A− group and the FA/A+ group were compared 
in terms of clinical and other laboratory characteristics. 
Anaphylaxis was found to be significantly higher in cases 
with inhaled allergen sensitivity, cases with atopic derma-
titis, and cases with additional FA (p = 0.005, p = 0.008, 
and p = 0.020, respectively). When both groups were com-
pared in terms of other laboratory findings, it was found 
that the difference between the milk-specific IgE averages 
of the two groups at admission was significant, and the 
milk-specific IgE average at admission was significantly 
higher in the FA/A+ group (p = 0.006) (Table 3).

Discussion

Dendritic cells (DC), Treg cells, B regulatory cells, intesti-
nal epithelial cells, and microbiome contribute to oral tol-
erance to food allergens.14 However, the best marker is 
FOXP3 Treg lymphocytes.14–18 Treg cells directly or indirectly 
suppress allergen-induced degranulation of effector cells 
and prevent eosinophils and other effector T cells from 
entering tissues. Treg cells interact with resident tissue 
cells to contribute to tissue remodeling and promote the 
formation of tolerogenic DC phenotypes.18 In addition, Treg 
cells directly inhibit the activation of allergen-specific Th2 
cells, blocking all the effects mediated by these cells 
during allergic reactions, and inducing allergen-specific 
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IgE-induced anaphylaxis.23 Tordesillas et al.24 reported in 
2017 that Tregs directly suppress mast cell activation and 
inhibit anaphylaxis in response to a food challenge. 
Satitsuksanoa et al.14 indicated in 2018 that FOXP3 knock-
out mice developed multi-organ inflammatory responses 
associated with allergic inflammation. They also reported 
that adoptive transfer of Treg cells in a FA model in mice 
was able to suppress anaphylaxis and control the Th2 
immune response. In 2019, Abdeladhim et al.19 used spe-
cially designed Tregs to treat allergy. With this approach, 
they targeted allergen-specific B cell populations and mast 
cells using Tregs that express a specific allergen. The OVA-
induced allergy model was used in the study. By injecting 
OVA-specific BAR Tregs prior to systemic allergen chal-
lenge, they were able to protect OVA-sensitized mice from 
anaphylaxis, and the effect lasted for at least 30 days. 
These researchers indicated that the mediators indicative 
of anaphylaxis were not increased in the plasma of mice 
injected with OVA-specific BAR Tregs. Researchers said 
that “BAR-Tregs therapy” has the potential to alleviate 
allergies to multiple antigens.19

FOXP3 deficiency results in a multi-organ lymphoprolif-
erative autoimmune disease called immune dysregulation, 
polyendocrinopathy, enteropathy, X-linked (IPEX).17 It has 
also been reported that the deficiency or dysfunction of 
Tregs may lead to FA.25 Krogulska et al.16 showed in 2011 
that FOXP3 and IL10 gene expression was significantly lower 
in children with FA compared to control subjects. In 2016, 
it was reported that milder deficiency of Tregs may con-
tribute to the clinical phenotype of food sensitivity.25 A 
study published in 2016 found that Treg defects were more 
pronounced in case groups with peanut allergy compared 
to egg allergy. It suggested that the more pronounced Treg 
defect in cases with peanut allergy may be a contributing 
factor to the persistent course of peanut allergy. In this 
study, the researchers also obtained data on Treg depletion 

IgG4 while inhibiting IgE by acting directly on B cells.18,19 To 
perform these functions, Treg cells use inhibitory cytokines 
(e.g., IL-10, TGF-β, and IL-35), cytolysis (granzymes A and B), 
metabolic degradation mechanisms, and DCs CTLA-4, PD-1, 
or they use histamine receptor 2 related mechanisms.18,19

In cases with CMPA, oral immunotherapy (OIT) is an 
extremely important method in the prevention of anaphy-
laxis and severe reaction that may occur because of acci-
dental exposure. The purpose of OIT is to increase the 
reactive threshold of allergic patients and to ensure that 
the targeted amount of allergen is administered without 
any reaction.20 These important gains through OIT occur 
with the induction of FOXP3-positive Treg cells and the 
downregulation of Th2 cytokines including IL-4.21

There is limited information on whether Treg levels  
are a biomarker that predicts clinical severity in cases pre-
senting with food anaphylaxis (regardless of anaphylaxis 
severity), and which patients are more at risk for anaphy-
laxis. As far as we know, no children’s study has been con-
ducted on how Tregs change in cases presenting with food 
anaphylaxis.

In our study, when we compared the FA group with 
healthy control subjects, we found that in the FA group 
that CD4+CD25+CD127loFOXP3+ cell ratios were significantly 
lower (p < 0.001). In the FA/A− and FA/A+ groups, CD4+ 
CD25+CD127loFOXP3+ cell ratios were also significantly 
lower compared to the control group (p < 0.001) (Tables 1 
and 2). When we compared the FA/A− and the FA/A+ groups 
in terms of CD4+CD25+CD127loFOXP3+ cells, we found no 
significant difference between the two groups (p = 0.390) 
(Table 3).

Shreffler et al.22 reported in 2009 that a higher propor-
tion of milk allergen-specific Treg cells is associated with 
mild clinical disease phenotype and good prognosis. In 
2013, mouse experiments showed that constitutive FOXP3+ 
Tregs can control the symptomatic phase of mast cell and 

Table 3 FA sub-groups FA/A− and FA/A+ groups’ characteristics.

FA/A− FA/A+ P

n (%) 25 (60.97) 16 (39)
Boys, n (%) 15 (57.7) 11 (42.3)
Atopic disease in the family, n (%) 12 (48.0) 6 (37.5) 0.509
Inhaled allergen sensitivity, n (%) 6 (24.0) 11 (68.8) 0.005
Atopic dermatitis, n (%) 0 (0.0) 4 (25.0) 0.008
Additional food allergy, n (%) 4 (16.0) 8 (50.0) 0.020
Casein-specific IgE 24.08 ± 37.60 44.94 ± 41.57 0.104
Eosinophil (%) 4.99 ± 2.94 6.80 ± 3.97 0.102
CD4+CD25+CD127lo (%)* 4.49 ± 1.53 4.90 ± 2.12 0.484
CD4+CD25+CD127lo (cells/mL)* 4.08 ± 6.36 6.32 ± 6.36 0.277
CD4+CD25+CD127loFOXP3+ Treg cells (%)* 3.96 ± 1.24 4.38 ± 1.91 0.390
CD4+CD25+CD127loFOXP3+ Treg cells (cells/mL)* 3.40 ± 4.64 5.70 ± 5.73 0.165
Total IgE (IU/mL) 153.85 ± 185.78 399.61 ± 521.13 0.072
Skin prick test diameter (mm) 4.92 ± 1.97 6.66 ± 3.81 0.063
Milk-specific IgE (kU/L) 21.78 ± 32.32 65.10 ± 50.78 0.002
Baked tolerance, n (%) 7 (28.0) 2 (12.5) 0.242

Data is presented as mean ± SD. P < 0.05 was considered statistically significant. (in CD4+ T cells)* 
FA/A−, children with food allergy and without anaphylaxis; FA/A+, children with food allergy and with anaphylaxis.
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CD4+CD25+CD127loFOXP3+ cells, which made us think that 
11 of the FA/A+ group might have been affected by the 
inhaled corticosteroids they used since they had inhaled 
allergen sensitivity and concomitant respiratory diseases.

Severe clinical reactions, such as anaphylaxis, were 
found to be increased in cases with FA and accompanying 
inhaled allergen sensitivity, atopic dermatitis, or additional 
FA, and in cases with high specific IgE at admission. For this 
reason, in terms of anaphylaxis, it was thought that it was 
important to monitor more closely the cases with addi-
tional inhaled allergen sensitivity to FA, atopic dermatitis, 
or additional FA, and cases with high specific IgE levels at 
admission.

However, it is important to interpret all biomarkers in 
the light of other clinical information available for each 
patient. The biomarkers to be detected will allow us to 
identify cases at risk for severe allergic reactions and to 
closely monitor these cases. Well-designed studies are 
needed to determine the role of CD4+CD25+CD127loFOXP3+ 
cells in severe allergic reaction phenotypes.
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