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ABSTRACT

Background: House dust mites (HDM) are the major causative allergen for allergic rhinitis. 
The sole disease-modifying therapy for allergic rhinitis is allergen immunotherapy (AIT). Rush 
immunotherapy is the accelerated build-up schedules to reach the target maintenance dose.
Objective: To evaluate the kinetic changes of peripheral blood CD4+CD25+FOXP3+ regulatory 
T cells (Treg) and serum cytokines in children undergoing 2-day modified rush HDM AIT.
Methods: Children aged 5–15 years with allergic rhinitis were enrolled for a 2-day modified 
rush HDM AIT. Peripheral blood CD4+CD25+FOXP3+ Treg, serum interleukin (IL)-4, IL-13, 
interferon-γ, and IL-10 were measured at baseline, finishing rush, achieving maintenance 
dose, 6 months, and 12 months after reaching maintenance dose. Specific IgE (sIgE) to 
HDM was evaluated at baseline and 12 months after getting the maintenance dose. Rhinitis 
symptoms were assessed daily using a daily card.
Results: A total of 12 children with a mean age of 13 years were enrolled. Rhinitis symptom-
free days per month increased significantly after reaching the maintenance dose compared 
to baseline (from 9.5 days to 19.5 days, p = 0.002), and the maximum improvement was seen 
at 1 year. The levels of Treg were significantly increased at 6 months after maintenance dose 
compared to baseline level (6.27%±1.63% vs. 3.83%±1.80%, p < 0.001). After treatment, 
there were significantly decreased serum IL-13 at 1 year after maintenance but no significant 
changes in sIgE to HDM. The systemic reaction during AIT occurred 7 episodes from 119 
shots (5.9%).
Conclusion: Two-day modified rush HDM AIT provides acceptable systemic reactions and 
increases the number of CD4+CD25+FOXP3+ Treg in children.
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INTRODUCTION

Allergen immunotherapy (AIT) is the only etiological treatment available for allergic diseases. 
AIT can be administered subcutaneously or sublingually (SLIT) leads to decreased clinical 
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symptoms, less usage of drugs, and improved quality of life in patients with allergic rhinitis 
[1]. The mechanism of immune tolerance from AIT was proposed to involve an increase in the 
number of regulatory T cells [2, 3], increases of interferon (IFN)-γ and interleukin (IL)-10 [4], 
and decreases of IL-4 and IL-5 [5]. The dose of AIT needs to achieve the recommended target or 
maintenance (MN) dose to get the immune tolerance. Conventional AIT requires 3–6 months 
to reach the MN dose, but accelerated protocols such as rush AIT have shortened the build-
up phase into several weeks to months. Rush AIT for inhalant allergen also provides quicker 
effectiveness with more acceptable reactions than conventional AIT [1]. House dust mite 
(HDM) is the most common causative allergen for allergic rhinitis pateints in Southeast Asian 
countries, especially Thailand [6]. Patients with HDM allergy can receive HDM subcutaneous 
or sublingual immunotherapy. However, HDM SLIT is approved only in adolescents. Besides, 
there are some differences in HDM rush AIT protocols, especially in children. There is also 
scarce evidence on the dynamic change of regulatory T cells and cytokines after rush HDM 
AIT in children with allergic rhinitis. The current study was aimed to evaluate the changes of 
CD4+CD25+FOXP3+ regulatory T cells in allergic rhinitis children undergoing 2-day modified 
rush HDM AIT and monitoing for 12 months after reaching MN dose. In addition, serum 
cytokines including serum IL-4, IL-13, IFN-γ, and IL-10 were evaluated.

MATERIALS AND METHODS

Patients
This prospective study included children aged 6–15 years with allergic rhinitis from February 
2017 to July 2019 at the Department of Pediatrics, Faculty of Medicine Ramathibodi Hospital. All 
participants were hospitalized for 2-day modified rush HDM AIT using the standardized mite 
(Dermatophagoides farinae and Dermatophagoides pteronyssinus) (ALK-Abello Pharm. Inc., Round Rock, 
TX, USA). Premedication with oral antihistamine and oral prednisolone (1 mg/kg/dose) were 
administered in the morning at least 30 minutes before the first dose of AIT. The detail of the 
modified 2-day modified rush AIT administration is shown in Table 1. After 2-day of modified rush 
AIT, the patients received the injection twice a week until reaching the MN dose (D. farina 1,000 
AU and D. pteronyssinus 300 AU). Premedication with oral antihistamine 30 minutes was given 
before each injection. Systemic reactions from AIT were graded according to The World Allergy 
Organization Subcutaneous Immunotherapy Systemic Reaction Grading System [7]. Specific IgE 
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Table 1. Protocol for modified rush house dust mite allergen immunotherapy
Rush (1-hour interval between injections) Build-up

Day 1 Day 2
Concentration Volume (mL) Concentration Volume (mL) Concentration Volume (mL)
1:1000 vol/vol  
(green label)

0.1 1:10 vol/vol (yellow label) 0.1 1:10 vol/vol (yellow label) 0.25
0.2 0.2 0.30
0.4 0.35

0.40
0.45
0.50

1:100 vol/vol  
(blue label)

0.1 1:1 vol/vol (red label) 0.10
0.3 0.15
0.5 0.20

0.25
0.30
0.35
0.40
0.45
0.50
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to Der p using ImmunoCap (Phadia, Biomed diagnostics, Bangkok, Thailand) was evaluated at 
baseline before starting AIT and after 12 months of MN dose. Peripheral blood mononuclear cells 
(PBMCs) and serum were collected at baseline before AIT, after rush phase, achieving MN dose, 
6 months after MN dose (MN 6 Mo), and 12 months after MN dose (MN 12 Mo). All participating 
subjects and parents were informed of the contents and the study's aims, 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. PBMCs were isolated using SepMate-15 tubes (STEMCELL Technologies, 
Vancouver, Canada) and Lymphoprep (Alere Technologies AS, Oslo, Norway), centrifuged 
with 1,200 g for 20 minutes in room temperature. PBMC layer at the interface was collected 
and twice washed at 3,500 rpm by phosphate buffer saline for 5 minutes. PBMCs were 
resuspended with RPMI medium-1640 (Glico technology, New Youk, NY, USA), which 
was 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, 
San Jose, CA, USA) for extracellular staining and anti-human Foxp3 (eFluor 660, eBioscience, 
San Diego, CA, USA) for intracellular staining. Moreover, Isotype control was used anti-
FOXP3 isotype (Rat IhG2 K, eFluor 660, eBioscience). To determine CD4+CD25+FOXP3+ Treg 
cells were analyzed by flow cytometry using BD FACSCalibur, BDBioscience (Fig. 1).
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Fig. 1. The gating strategy of the percentage of CD4+ CD25+ Foxp3+ regulatory T (Treg) cells population Isotype (A), and test (B) were gated to allow 
determination of population densities. Data from the children patients (n = 12; with house dust mites subcutaneous immunotherapy) were acquired using The 
BD FACSCalibur. CD4+ population gated by SSC and CD4 FITC, then Treg gated from CD4+ by CD25+ Foxp3+ population. Histograms of CD25+ and Foxp3+ showed 
purity of CD4+ CD25+ Foxp3+ (Treg) cells population gating.
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Cytokines determination
The levels of serum IL-4, IL-13, IFN-γ, and IL-10 in the serum were detected using the 
BioLegend LEGENDplex commercial kit (Cat. According to the manufacturers' instructions, 
no. 740723, Human cytokine panel (13-plex) with the filter plate. Briefly, the stored serum 
was thawed and diluted by 2-fold dilution with assay buffer before assay. These experiments 
are done in triplicate. First, the plasma was incubated with beads coat antibody detection 
in a rotator for 2 hours at room temperature. After that, each sample wells was added SA-
PE reagent and incubated for 30 minutes. Then, washed twice and kept in the dark until 
determined by flow cytometry.

Statistical analysis
Statistical analysis was performed with the SigmaPlot V14 software. Data from flow 
cytometry and serum cytokine levels were analyzed using the repeated measure analysis of 
variance. The data are presented as median and interquartile range for nonparametric data 
and mean±standard deviation (SD) for parametric data.

RESULTS

A total of 12 children (7 boys and 5 girls) aged 6–15 years with a mean age of 13 years 
completed the prospective study. The mean (SD) of sIgE to Der p was 63.01 (10.27) kU/L. 
During 2-day modified rush HDM AIT, the systemic reactions occurred in 7 episodes from 119 
shots (5.9%) (Table 2) and 8 out of 225 shots (3.6%) during the build-up phase. All children 
responded well to the treatment and had no other systemic reactions from HDM AIT during 
MN. All enrolled children reached the MN dose. After treatment with HDM AIT, a significant 
increase in rhinitis symptom-free days per month was observed when reaching the MN dose, 
and this improvement was maximumly shown at MN 6 Mo and MN 12 Mo (Fig. 2A). However, 
there were no significant changes in sIgE to Der p after MN 12 Mo (Fig. 2B).

Dynamic changes of CD4+CD25+FOXP3+ regulatory T (Treg) cells and serum 
cytokines
There was a trend towards increasing Treg when achieving MN dose, but this was failed to 
reach statistically significant. However, the percentage of Treg in CD4+ cells was significantly 
increased at MN 6 Mo and MN 12 Mo compared to those of the baseline and MN time points 
(Fig. 3A). No correlations between sIgE and the percentage of regulatory T cell at baseline 
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Table 2. Characteristic of patients who had systemic reactions during rush allergen immunotherapy
Age (yr) Sex Dose with reaction Symptoms Systemic reaction grading* Treatments
13 Female 1:10 v/v 0.2 mL Acute urticaria Grade 3 IV antihistamine

Wheezing Epinephrine IM
Decreased PEFR

8 Male 1:10 v/v 0.2 mL Acute urticaria Grade 3 IV antihistamine
Wheezing Epinephrine IM
Decreased PEFR

13 Female 1:10 v/v 0.1 mL Flushing Grade 2 IV antihistamine
Decreased PEFR Salbutamol nebulization

13 Male 1:10 v/v 0.1 mL Acute urticaria Grade 1 Oral antihistamine
7 Female 1:10 v/v 0.2 mL Acute urticaria Grade 1 Oral antihistamine
10 Male 1:10 v/v 0.1 mL Acute urticaria Grade 1 Oral antihistamine
5 Male 1:10 v/v 0.2 mL Acute urticaria Grade 1 Oral antihistamine
PEFR, peak expiratory flow rate; IM, intramuscular injection; IV, intraveouns injection.
*The World Allergy Organization Subcutaneous Immunotherapy Systemic Reaction Grading System.
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and after MN 12 Mo were demonstrated. There were no significant changes of the IFN-γ 
and IL-4 in the serum after HDM AIT at MN dose, MN 6 Mo, and MN 12 Mo compared to 
the baseline levels (Fig. 3B, C). There was a modest decrease in serum IL-13 after HDM AIT 
treatment at MN 12 Mo and a trend toward increases in IFN-γ /IL-4 ratio in the serum at MN 
12 Mo compared to the baseline levels (Fig. 3D, E). There were no significant changes in 
serum IL-10 after HDM AIT treatment (Fig. 3F).

DISCUSSION

In the present study, we have demonstrated that our 2-day modified rush HDM AIT 
protocol in children with allergic rhinitis has a similar systemic reaction compared to the 
previous report [8]. In addition, all children significantly increased rhinitis symptoms 
free-day/month after treatment. We have also shown the trend toward increasing the 
number of CD4+CD25+FOXP3+Treg after reaching the MN dose. CD4+CD25+FOXP3+Treg 
was significantly increased at MN 6 Mo, and it was sustained increased at 12 months. 
Additionally, serum IL-13 decreased significantly after receiving the MN dose of AIT for 1 year.

The expansion of circulating CD4+CD25+FOXP3+Treg T cells after HDM AIT is in line with 
the previous study in adult patients receiving conventional dust mite AIT [9, 10]. An increase 
in the number of CD4+CD25+FOXP3+Treg cells after AIT was suggested to play a pivotal role 
in developing allergen-specific immune tolerance [11]. After rush venom immunotherapy in 
children, we have also demonstrated a rise in CD4+CD25+FOXP3+Treg cells [12].

We found a significantly decreased serum IL-13 at 1 year after MN of AIT, but there were no 
changes in serum IFN-γ or IL-4. However, there was a trend toward increasing the IFN-γ/
IL-4 ratio. There is an increase in intracellular IFN-γ/IL-5 ratio of the CD3+ and CD4+ cells 
in children receiving rush dust mite AIT [13]. A recent study demonstrated the decreased the 
production of IL-5 and IL-13 from PBMCs of asthmatic adult recieving HDM AIT [14]. The 
unsignificant changes in the serum IFN-γ and IL-4 after rush HDM AIT in the current study 
may be explained by the difference in the method of detecting the cytokine. The changes in 
these cytokines after AIT may be modestly detected in the serum but can be detected better 
intracellular levels. The current study's increase in Treg percentage is consistent with earlier 
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research in adults receiving HDM AIT [10]. These results may be implied that HDM AIT is 
equally effective in adults and children.

We also found the significant clinical improvement of rhinitis symptom as evaluated by 
the symptom-free day per month when the children recieving MN dose and the clinical 
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improvement continuing increased up to MN 12 Mo. This finding is in line with the findings 
of a recent study in Korean children with asthma and allergic rhinitis, which found that HDM 
subcuateous immunotherapy improved symptom scores more than the drug-only group [15].

The systemic reaction in our 2-day modified rush HDM AIT throughout the rush phase and 
build-up phase was found to be comparable to a recent report for inhalant AIT [8]. Of 12 
enrolled children, 2 (16.7%) developed grade III systemic reactions requiring intramuscular 
epinephrine injection during rush AIT. The incidence of systemic reactions in our rush AIT 
protocol is in line with other rush AIT protocols, ranging from 14.7%–38% [8].

In summary, the present study demonstrates the feasibility of 2-day modified rush HDM 
AIT and evidence of immunological tolerance in children with allergic rhinitis. Therefore, 
this 2-day modified rush HDM AIT could be a treatment option for allergic rhinitis children 
candidates for HDM AIT.
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