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Abstract

Background: Rush venom immunotherapy (VIT) is the recommended treatment for patients with Hymenoptera anaphy-
laxis. Specific data regarding regulatory T cell and cytokine changes in children receiving rush VIT are sparse. 

Objective: To study the changing of CD4+CD25+FOXP3+ regulatory T cells (Treg) and serum cytokines in children under-
going 3 days rush VIT.

Methods: Children younger than 15 years with systemic reaction to Hymenoptera who had evidence of IgE sensitiza-
tion to Hymenoptera were enrolled for 3 days rush VIT. Peripheral blood CD4+CD25+FOXP3+ Treg and serum IL-4, IL-
5, IL-13, IFN-γ, and IL-10 were measured at baseline before rush VIT, achieving maintenance dose, 6 months, and 12 
months after reaching maintenance dose. Specific IgE to Hymenoptera was measured at baseline and 12 months after  
VIT.

Results: A total of 15 children (11 boys and 4 girls) aged 6-15 years (mean age, 10 years) were enrolled. Four children 
were allergic to bee and 11 children were allergic to Vespid. The levels of CD4+CD25+FOXP3+ Treg were significant-
ly increased at 6 months after maintenance dose compared with baseline (6.58% VS 4.01%, p = 0.001). Serum IL-13, 
IFN-γ, and IL-10 levels did not change significantly from baseline. However, there was a significant reduction of IL-4 
in the serum at 12 months after MN when compared to the baseline levels. The systemic reaction requiring epinephrine  
intramuscular injection occurred only in 1 case who was on Vespid venoms rush VIT.

Conclusions: Three days rush VIT provide acceptable systemic reaction and able to increase the number of CD4+CD25+-

FOXP3+ Treg in children. 
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Introduction
Allergic reactions to Hymenoptera sting range from mild 

to severe systemic reactions. Venom immunotherapy (VIT) 
is currently the recommended treatment for severe reactions. 
VIT is the only treatment that long-term tolerance can be 
achieved.1 VIT has proven to be effective for between 80 and 
95% of patients with Bee venom and Vespid venoms allergy.2 
Mechanism of immune-tolerance from VIT was proposed 
to involve an increase in the number of regulatory T cells,3  
increases of interferon (IFN)-γ and IL-10,4 and decreases of 

IL-4 and IL-5.5 The dose of VIT need to achieve the mainte-
nance (MN) dose to get the immune-tolerance. Convention-
al VIT requires 3-4 months to reach MN dose, but accelerat-
ed protocols such as rush VIT has shortened the build-up 
phase into a few days. Rush VIT also provides instant ef-
fectiveness with comparable reactions to conventional VIT. 
However, there are some differences in the protocol of rush 
VIT especially in children and there is scarce evidence on 
the dynamic change of regulatory T cells and cytokines after 
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Methods
Patients

This prospective study included children aged 6-15 years 
with histories of severe allergic reactions to Hymenoptera 
sting and having evidence of IgE sensitization to Hymenoptera  
from February 2017 to July 2019 at Department of Pediatrics, 
Faculty of Medicine Ramathibodi Hospital. All participants 
were hospitalized for 3 days rush VIT using the venom of 
bee, mix vespid (yellow jacket, yellow hornet, and white face  
hornet) (ALK Abello, Hørsholm, Denmark). The detail of rush 
VIT administrations was shown in Table 1. Premedication  
with oral antihistamine was administered in the morning at  
least 30 minutes before the first dose of VIT. Systemic reac-
tions from VIT were graded according to The World Allergy 
Organization Subcutaneous Immunotherapy Systemic Reac-
tion Grading System.6 Specific IgE to Hymenoptera using Im-
munoCap (Phadia, Biomed diagnostics, Bangkok, Thailand) 
was evaluated before starting of  VIT and after 12 months of 
MN dose. Peripheral mononuclear cells (PBMCs) and se-
rum were collected at before, achieving MN dose, 6 months 
after MN dose, and 12 months after MN dose. All partici-
pating subjects or parents were informed of the contents and 
the aims of the study and they gave their written consent. 
The study was reviewed and approved by the human rights 
and Ethics Committee of Faculty of Medicine Ramathibodi  
Hospital, Mahidol University (ID 01-60-08). 

Materials and Reagents
FOXP3+ Treg identification

In brief, fresh heparinized whole blood samples (6 mL) 
were collected from patients at each time-point. Peripheral 
blood mononuclear cells (PBMCs) were isolated using Sep-
Mate™-15 tubes (STEMCELL Technologies) and Lymphoprep 
(Alere Technologies AS, Oslo, Norway), centrifuged with 1200  
g for 20 min in room temperature. PBMC layer at the in-
terface was collected and twice washed 3500 rpm by phos-
phate buffer saline (PBS) for 5 min. PBMCs were resuspend-
ed with RPMI medium-1640 (Glico technology), which used 
to study the number of FoxP3 Treg by flow cytometry. 1 × 106  
cells of PBMCs were incubated with mouse anti-human CD4 
FITC and anti-human CD25 FITC (BD Bioscience) for extra-
cellular staining and anti-human Foxp3 (eFluor 660, eBiosci-
ence, USA) for intracellular staining. Moreover, Isotype con-
trol was used anti-FOXP3 isotype (Rat IhG2 K, eFluor 660, 
eBioscience, USA). To determine CD4+CD25+FOXP3+ Treg 
cells were analyzed by flow cytometry using BD FACSCalibur,  
BDBioscience (Figure 1). 

Cytokines determination
The levels of IL-4, IL-13, IFN-γ, and IL-10 in the serum 

were detected using the BioLegend LEGENDplex™ commer-
cial kit (Cat. No. 740723, Human cytokine panel (13-plex) 
with the filter plate, according to the manufacturers’ instruc-
tions. Briefly, the stored serum was thawed and diluted by  
2-fold dilution with assay buffer before assay. These exper-
iments are done in triplicate. The plasma was incubated with 
beads coat antibody detection in a rotator for 2 hours at  
room temperature. After that, each of the sample wells was  
added SA-PE reagent and incubated for 30 minutes, washed 
twice and kept in dark until determined by flow cytometry. 

rush VIT in children. The current study was aimed to evalu-
ate the changes of CD4+CD25+FOXP3+ regulatory T cells in 
children during the 12 months after 3 days rush VIT. In addi-
tion, serum cytokines including IL-4, IL-13, IL-10, and IFN-γ  
were evaluated.

Day Injection 
number

0.1 
mcg/ml

1 
mcg/ml

10 
mcg/ml

100 
mcg/ml

Day 1: Cumulative dose 2.25 mcg 1 0.1

2 0.4

3 0.1

4 0.5

5 0.8

6 1

Day 2: Cumulative dose 64 mcg 7 0.2

8 0.4

9 0.8

10 0.2

11 0.3

Day 3: Cumulative dose 100 mcg 12 0.4

13 0.6

Table 1. Subcutaneous rush venom immunotherapy (VIT) protocol
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Results
A total of 15 children (11 boys and 4 girls) aged 6-15 years 

(mean age, 10 years) were enrolled with the mean age of 9  
years. Four children were allergic to bee and 11 children were 
allergic to Vespids. The median (IQR) of Hymenoptera sIgE 
was 8.70 (2.98-49.80) kU/L. There were no significant chang-
es in Hymenoptera sIgE after 1 year of VIT (Figure 2A). The  
systemic reactions during rush VIT occurred in 3 cases who 
were on Vespid venoms rush VIT (Table 2). One child devel-
oped anaphylaxis required intramuscularly epinephrine in-
jection at the dose of 40 mcg of the Hymenoptera venom and 
2 children developed urticaria required antihistamine treat-
ment. All children responded well to the treatment and had  
no other systemic reactions from VIT. All enrolled children 
reached the maintenance dose of 100 mcg. No children had  
a systemic reaction to VIT during the MN phase. 

Statistical analysis
Statistical analysis was performed with the SigmaPlot V14 

software. Data from flow cytometry and serum cytokine lev-
els were analyzed using the repeated measure ANOVA. The 
data are presented as median and IQR for non-parametric  
data and mean ± SD for parametric data. 

Age 
(years) Sex Allergen Dose with 

reaction Symptoms 
Systemic 
Reaction 
Grading*

Treatments

9 Male Vespids 40 mcg Acute urticaria Grade 1 IV antihistamine

6 Male Vespids 30 mcg Acute urticaria Grade 1 IV antihistamine

15 Male Vespids 30 mcg
Angioedema 

Decreased PEFR 
Abdominal pain

Grade 2 Epinephrine IM
Antihistamine

Table 2. Characteristic of patients who had systemic reactions during rush VIT

* The World Allergy Organization Subcutaneous Immunotherapy Systemic Reaction Grading System

Dynamic changes of CD4+CD25+FOXP3+ regulatory T (Treg) 
cells and cytokines during rush VIT

There was a trend to increase Treg when achieving MN dose 
but it was failed to reach statistically significant. However, the 
percentage of Treg in CD4+ cells was significantly increased at 
6 and 12 months after MN when compared to those of the 
baseline and MN time points (Figure 2B). No correlations be-
tween sIgE and the percentage of regulatory T cell at baseline 
and after 12 months of maintenance dose was demonstrated.  
There were no significant changes of the IFN-γ in the serum 
after VIT at MN dose, 6 months after MN, and 12 months af-
ter MN when compared to the baseline levels (Figure 3A).  
However, there was a significant reduction of IL-4 in the  
serum at 12 months after MN when compared to the baseline 
levels (Figure 3B). The baseline serum of IL-10 was detected 
only in 5 out of 15 children. Interestingly, at 12 months af-
ter MN dose, IL-10 in the serum was able to be measured in 
11 children, but this was failed to reach statically significant  
(Figure 4A). There were no significant changes in serum IL-13 
after VIT treatment (Figure 4B).

Figure 2. Dynamic changes of (A) serum specific IgE to Hymenoptera at baseline and 12 months after MN dose of VIT (MN 12 
Mo) and (B) the percentage of CD4+CD25+FOXP3+ (Treg) in CD4+ cells at baseline, at maintenance (MN) dose, 6 months after 
MN dose (MN 6 Mo) and 12 months after MN dose (MN 12 Mo).Different symbols represent the data of each patient.
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Figure 3. Dynamic changes of (A) serum IFN-γ and (B) IL-4 at baseline, at maintenance (MN) dose, 6 months after MN dose 
(MN 6 Mo), and 12 months after MN dose (MN 12 Mo). 

Figure 4. Dynamic changes of (A) serum IL-10 and (B) IL-13 at baseline, at maintenance (MN) dose, 6 months after MN dose 
(MN 6 Mo), and 12 months after MN dose (MN 12 Mo). 
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Discussion
In the current study, we have demonstrated that our 3  

days rush VIT protocol was safe in children with Hymenop-
tera anaphylaxis. Only 1 child out of 15 children had a severe 
systemic reaction requiring IM epinephrine treatment. We 
have also have shown the trend to increase in the number of 
CD4+CD25+FOXP3+Treg after reaching the maintenance dose. 
CD4+CD25+FOXP3+Treg was significantly increased at 6 months 
after MN dose and it was sustained increased at 12 months.  
Additionally, the level of serum IL-4 decreased significantly  
after receiving the MN dose of VIT for 1 year. 

The expansion of circulating CD4+CD25+FOXP3+Treg T 
cells after rush VIT in the current study is line with the pre-
vious study in adult patients receiving rush VIT.3 Increased 
in the number of CD4+CD25+FOXP3+Treg cells after VIT was 
suggested to play a pivotal role for the development of aller-
gen-specific immune tolerance.7 A study in children using 
CD4+CD25highCD69- as a marker for Treg cells found no chang-
es of Treg cells after rush VIT.8 However, CD4+CD25+FOXP3+ 

is a better marker for Treg cells than CD4+CD25highCD69-.  
A recent study in beekeepers has also shown an increase in the 
number of CD4+CD25+FOXP3+ Treg in those had no systemic 
reactions upon re-exposure to Bee stings.9

We found the significantly decreased in the level of serum 
IL-4 at 1 year after MN of VIT, but there were no changes in 
serum IFN-γ. A shifting in Th2 to Th1 response after VIT as 
demonstrated by an increase in IFN-γ and decrease in IL-4 
in whole blood cell-cultured supernatant.10 The reason that 
we did not found the changes in the serum IFN-γ after VIT 
may explain from the difference in the method of detecting 
the cytokine. The changes in IFN-γ after VIT may be mod-
est to be detected in the serum but possible to be detected in 
whole blood cell-cultured supernatant. We also found a trend 
toward an increase in serum IL-10 after VIT. Increased in the 
level of IL-10 was shown in the development of clinical and 
immunological tolerance during VIT and also in beekeepers 
receiving multiple bee stings.11,12 The decreased in IL-4 and 
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increased in the percentage of Treg in the present study is in 
line with the previous studies in adults receiving VIT. This 
can be implied that VIT is equally effective in adults and  
children. 

The systemic reaction during the build-up phase in rush 
VIT was shown to be comparable to conventional VIT both 
in adults and in children.13-15 However, the time to MN dose 
which provides both immunological and clinical allergen 
tolerance are significantly shorter in rush VIT. Our 3-days 
rush VIT protocol with a total of 13 injections was shown 
to provide the immunological tolerance from increased the  
number of CD4+CD25+FOXP3+Treg T cells when reaching the  
MN dose. However, we did not perform the insect sting 
challenge to confirm for the clinical tolerance and all of our  
enrolled children did not expose to the culprit insect during  
the study period. Of 15 enrolled children, 3 (20%) children  
developed systemic reactions during VIT. The incidence of  
systemic reaction in our rush VIT protocol is in line with 
other rush VIT protocols which ranged from 19-30%.13-15 
The limitation of the present study is that we could not enroll 
more children due to the worldwide shortage for the supply  
of venom for immunotherapy. 

In summary, the present study demonstrates the safety  
and evidence of immunological tolerance of 3 days rush 
VIT in children with venom anaphylaxis. This 3 days rush 
VIT could be a treatment for children with Hymenoptera  
anaphylaxis who require rapid protection from insect stings.
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