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Abstract

This study analyzed the effect of mite-specific subcutaneous immunotherapy (SCIT) on patients with
allergic rhinitis (AR). We enrolled 98 AR patients visiting our hospital from April 2017 to April 2019 and
grouped them in a random number table. The control group (n=49) received conventional treatment for
three years. The SCIT used a standardized mite allergen injection for the experimental group (n=49) for
three years. The study compared total nasal symptom score (TNSS), daily medication score (DMS), total
combined score (TCS), visual analog scale (VAS) score, mini-rhinitis quality of life questionnaire (MiniRQLQ)
score, and serum immunoglobulin E (sIgE) level before and after treatment. The overall response rate was
higher in the experimental group than in the control group (59.18% vs. 30.61%, p<0.05). After treatment,
the experimental group had lower values for TCS and VAS score (p<0.05); motion score; practical
problems; nasal, ocular, and other symptoms (p<0.05); and sIgE, Dermatophagoides pteronyssinus (Dp)-
slg, and Dermatophagoides farinae (Df)-sIgE levels (p<0.05) than the control group. The sIgk, Dp-sigE, and
Df-sIgE levels were lower in the effective group than in the ineffective group (p<0.05). The areas under the
ROC curves of Igk, Dp-slgE, and Df-sIgkE and their combination for predicting the therapeutic effect of mite-
specific SCIT on AR were 0.839, 0.779, 0.814, and 0.903, respectively. Mite-specific SCIT relieved clinical
symptoms and improved the quality of life of AR patients, probably by decreasing the IgE expression level.
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1. Introduction

Allergic rhinitis (AR), also named anaphylactic rhinitis, is a non-infectious inflammatory disease of
the nasal mucosa. It mainly occurs due to the joint involvement of immunologically competent cells and
cytokines in the body, mediated by immunoglobulin E (IgE), after the exposure of susceptible individuals to
allergens (Bousquet et al. 2020). According to epidemiological statistical analyses, AR incidence is as high
as 3.3-37.9% in the pediatric population. This incidence reaches 80% in asthma patients, and as much as
40% of AR patients have asthma (Alvaro et al. 2020). Clinically, AR is primarily characterized by symptoms
such as episodic sneezing, runny nose, and nasal obstruction, accompanied by lower respiratory tract
symptoms, including chest distress and asthma, as the disease progresses. Despite the low mortality rate,
AR increases the economic burden on families and society and may affect patients’ regular work activities
and sleep (Boonpiyathad et al. 2019; Aun et al. 2020).

Dermatophagoides pteronyssinus (Dp) allergy is the main predisposing factor of AR (Wang et al.
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2022), potentially accompanied by other allergic diseases, such as conjunctivitis and asthma, during AR
progression. Diseases induced by allergy to dust mites are mainly perennial, and specific antibodies in nasal
mucosal surface secretions may block or neutralize antigens before they bind to IgE in mast cells and
basophils. Hence, IgE levels may be highly significant for disease development and progression. Today,
subcutaneous immunotherapy (SCIT) is the primary AR treatment. SCIT induces immune tolerance by the
local incremental subcutaneous injection of allergens from low to high doses and is the only clinically
recognized treatment method for diagnosing the cause of the disease (Shamji et al. 2022). SCIT is
extensively applied to treat nasal symptoms in AR patients, relieving clinical symptoms, thereby improving
the quality of life, preventing allergen formation, reducing the incidence of AR progressing to asthma, and
controlling its evolution (Hamed et al. 2019). It is an effective treatment method for AR remission in clinical
practice. Therefore, this study assessed the therapeutic effect of mite-specific SCIT on AR patients to
provide valuable evidence for future treatments.

2. Material and Methods
General data

The study selected 98 AR patients treated in our hospital from April 2017 to April 2019 and grouped
them in a random number table. There were 55 men, and 43 women aged eight to 57 years, and the
average age was (31.61%3.62). The disease course was one to five years, with (2.64+0.42) years on average.
The hospital’s Medical Ethics Committee approved this study.

Inclusion and exclusion criteria

The inclusion criteria were 1) patients meeting the diagnostic criteria for AR (8), namely patients (i)
with two or more main manifestations of sneezing, watery nasal discharge, itchy nose, and nasal
obstruction lasting for >1 hour or a cumulative of >1 hour, possibly accompanied by ocular symptoms such
as lacrimation, eye redness, and itchy eyes, (ii) with clinical signs, such as pale and edematous nasal
mucosa and watery nasal discharge, and (iii) testing positive in at least one allergen skin prick test (SPT)
and/or serum-specific IgE; 2) AR patients with asthma and well-controlled asthma symptoms; and 3)
patients who signed the informed consent.

The exclusion criteria were patients 1) allergic to the drugs used in this study; 2) with severe or
uncontrolled asthma and/or irreversible airway obstructive disease; 3) recently treated with B-receptor
blockers or angiotensin-converting enzyme inhibitors (ACEIl); 4) with cardiovascular, immune, neurological,
gastrointestinal, or hematological disorders; or 5) pregnant or lactating women.

Methods for the control group

Glucocorticoids, antihistamines, antileukotrienes, mast cell membrane stabilizers, decongestants,
and anticholinergics were administered according to the therapeutic regimen recommended in the
literature (Cheng et al. 2018).

Methods for the experimental group

The Dp allergen preparation (ALK-Abello A/S, approval N.: S20090048) was used for two treatment
stages: initiation (dose escalation stage) and maintenance (dose maintenance stage). The preparation was
injected subcutaneously once a week at the distal 1/3 of the upper arm of patients in the initiation stage,
with an initial dose of 20 SQ-U and increasing doses of 20, 40, 80, 200, 400, 800, 2000, 4000, 8000, 10,000,
20,000, 40,000, 60,000, 80,000, and 100,000 SQ-U, for 15 weeks. Maintenance treatment started at week
17 by injecting the preparation at 100,000 SQ-U (1 mL) once in week 17, four weeks later, and every six
weeks until the end of the treatment course, which lasted for three years.
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Observation of indicators

(1) Efficacy evaluation was based on subjective feelings before treatment and after three years and
classified into markedly effective (disappearance of symptoms in the maintenance stage), effective
(effective improvement of clinical symptoms in the maintenance stage), and ineffective (no improvement
or even aggravation of clinical symptoms in the maintenance stage). Overall response rate = (markedly
effective + effective)/n x100.00%.

(2) The patients received scales for total nasal symptom score (TNSS), daily medication score (DMS),
and total combined score (TCS) before treatment and after three years. The TNSS scale consisted of four
nasal symptoms (nasal obstruction, runny nose, itchy nose, and sneezing), with 0-3 points for each
symptom: zero points for no symptoms, one point for mild symptoms, two points for moderate symptoms,
and three points for severe symptoms. The total TNSS scale was 0-12 points, with higher scores indicating
higher symptom severity. As for the DMS scale, one, two, and three points represented antihistamines,
nasal glucocorticoids, and oral glucocorticoids, respectively. The TCS was the sum of TNSS/number of
symptoms and DMS. Clinical signs and symptoms were scored with a 10-cm straight line using the visual
analog scale (VAS) score, with zero points for no symptom effects and ten points for intolerable symptom
effects.

(3) The mini-rhinitis quality of life questionnaire (miniRQLQ) assessed the quality of life with five
items and a 0-6-point score: motion, practical problems, and nasal, ocular, and other symptoms. Higher
scores indicated lower quality of life and higher impact.

(4) The serum IgkE (sIgE) level was measured. Specifically, 5 mL of fasting venous blood was collected
before treatment and, after three years, centrifuged and subjected to enzyme-linked immunosorbent
assay (ELISA) to detect sIgE and Dp- and Dermatophagoides farinae (Df)-sIgE levels. Patients were grouped
according to the response rate, and sIgE levels were compared between the two groups. Also, receiver
operating characteristic (ROC) curves were plotted to analyze pre-treatment IgE values for predicting
efficacy.

Statistical analysis

SPSS 25.0 software processed all data. The measurement values were expressed as ('x = s) and
compared between groups by the independent-samples t-test and within groups with the paired-samples
t-test. The counts were expressed as a ratio (%) and subjected to the x2 test. The plotted ROC curves
analyzed the predictive values of sIgk, Dp-sigk, and Df-slgk. The a=0.05 and p<0.05 calibration levels
suggested a statistically significant difference.
3. Results

General data

Sex, age, and disease course did not show statistically significant differences between experimental
and control groups (p>0.05) (Table 1).

Table 1. General data [n, (x™ +s)].

Group n Male/female Age (year) Course of disease (year)
Control 49 30/19 31.78+2.44 2.63+0.24

Experimental 49 25/24 31.63%£2.57 2.651£0.25

¥/t 1.036 0.296 0.404

P 0.309 0.768 0.687
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Treatment outcomes

The total response rate was higher in the experimental group (59.18%) than in the control group
(30.61%) (p<0.05) (Table 2).

Table 2. Treatment outcomes [n (%)].

Group n Markedly effective Effective Ineffective Total response rate
Control 49 3(6.12) 12 (24.49) 34 (69.39) 15 (30.61)
Experimental 49 6 (12.24) 23 (46.94) 20 (40.82) 29 (59.18)

2
X 8.084
p 0.004
TCS and VAS score

TCS and VAS score did not present statistically significant differences between experimental and
control groups before treatment (p>0.05). After treatment, TCS and VAS score were lower in the
experimental group than in the control group (p<0.05) (Table 3).

Table 3. TCS and VAS score before and after treatment [("x  s), point].

Group n TCS VAS score

Before treatment After treatment Before treatment After treatment
Control 49 13.24+2.47 5.28+0.79 7.08+2.15 3.45+1.28
Experimental 49 13.65+2.51 1.64+0.82 7.14£2.10 1.76+0.89
t 0.815 22.378 0.140 7.588
P 0.417 <0.001 0.889 <0.001

*p<0.05 vs. before treatment within the group.
MiniRQLQ scores

The scores of motion, practical problems, and nasal, ocular, and other symptoms in the
experimental group did not show statistically significant differences compared with those in the control
group before treatment (p>0.05). After treatment, these scores were lower in the experimental group than
in the control group (p<0.05) (Table 4).

Table 4. MiniRQLQ scores before and after treatment [( N s), point].

Group n Motion Practical problems Nasal symptoms Ocular symptoms Other symptoms
Before After Before After Before After Before After Before After
treatment  treatment treatment treatment treatment treatment treatment treatment treatment treatment

Control 49  3.47+1.25 2.65:0.58°  3.41+1.15 2.74+0.53°  3.34+1.20 2.67+0.52° 3.31+1.02 2.54+0.61  3.49+1.20 2.070.34

Experimental 49  3.1241.18  1.94+0.53° 3.45+1.18  1.92+0.48° 3.26+1.23  1.98+0.50° 3.25+1.08  1.83#0.46  3.55+1.24  1.3540.28"

t 1.425 6.326 0.170 8.027 0.326 6.695 0.283 6.505 0.243 11.443

P 0.157 <0.001 0.865 <0.001 0.745 <0.001 0.778 <0.001 0.808 <0.001

*p<0.05 vs. before treatment within the group.
SIgE, Dp-slIgE, and Df-sIgE levels

The slIgE, Dp-sigE, and Df-sIgE levels did not exhibit statistically significant differences between the
experimental and control groups before treatment (p>0.05), and they were lower in the experimental
group than in the control group after treatment (p<0.05) (Table 5).

Predictive values of sIgE, Dp-sIgE, and Df-sIgE levels
The effective group had lower sIgE, Dp-sigE, and Df-sIgE levels than the ineffective group (p<0.05)

(Table 6). The plotted ROC curves revealed that the areas under the ROC curves (AUC) of slgE, Dp-slgE, Df-
slgE, and their combination for predicting the efficacy of mite-specific SCIT in treating AR was 0.839 [95%
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confidence interval (Cl): 0.757-0.921], 0.779 (95% Cl: 0.684-0.874), 0.814 (95% Cl: 0.719- 0.910), and 0.903
(95% Cl: 0.842-0.963), respectively (Table 7 and Figure 1).

Table 5. SIgE, Dp-sigE, and Df-sIgE levels before and after treatment [( X+ s), Ig IU/mL].

Group n slgE Dp-sigE Df-slgE
Before After Before After Before After
treatment treatment treatment treatment treatment treatment
Control 49 2.53%0.45 1.7610.39 1.5340.59 1.3740.24 1.28+0.64 1.0240.26°
Experimental 49 2.57+0.38 1.3240.38" 1.5240.57 1.1240.26° 1.27+0.61 0.84+0.31"
t 0.475 5.656 0.085 4.946 0.079 3.114
P 0.636 <0.001 0.932 <0.001 0.937 0.002

*p<0.05 vs. before treatment within the group.

Table 6. SIgE, Dp-sigE, and Df-sIgE levels after the treatment in the effective and ineffective groups [( x *

s), g IU/mL].

Group n sIgE Dp-sigE Df-sIgE
Effective 44 1.27+0.30 1.08+0.13 0.78%0.26
Ineffective 54 2.82+0.29 1.76+0.21 1.45+0.14
t 8.574 10.972 10.779

P <0.001 <0.001 <0.001

Table 7. Predictive values of sIgk, Dp-slgE, and Df-sIgE levels for the efficacy of mite-specific SCIT in treating

AR.
Factor AUC Cut-off value 95% Cl P Specificity Sensitivity Jorden index
sIgE 0.839 1.705Ig IU/mL 0.757-0.921 <0.001 0.841 0.667 0.508
Dp-sigE 0.779 1.215Ig IU/mL 0.684-0.874 <0.001 0.750 0.656 0.406
Df-sIgE 0.814 0.965Ig IU/mL 0.719-0.910 <0.001 0.795 0.642 0.437
Combination 0.903 - 0.842-0.963 <0.001 0.909 0.682 0.591
ROC curves
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Figure 1. ROC curves for predictive values of sIgk, Dp-sIgE, and Df-sIgE levels for the efficacy of
mite-specific SCIT in treating AR.

4, Discussion

AR is an IgE-mediated hypersensitive disease of the nasal mucosa after exposing the organism to
allergens. Its incidence rate has increased as the living environment continuously changes. An
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epidemiological statistical survey stated that the incidence of standardized AR in adults in China rose from
11.1% in 2005 to 17.6% in 2011 and is still growing (Chinese Journal of Otolaryngology Head and Neck
Surgery Editorial Board, 2022).

AR is mainly treated with drug therapy and immunotherapy in clinical practice. Conventional
Western medicine therapies have a rapid effect with satisfactory outcomes in some patients, but their
long-term application still causes several adverse effects. Therefore, these treatments are not the first
choice in clinical practice (Besh et al. 2020). Immunotherapy is a clinically recognized effective approach for
AR. Immunomodulatory interventions during the natural course of AR prevent it from progressing into
allergic asthma and relieve clinically relevant symptoms after continuous treatment. Immunotherapy
improves the clinical outcomes of patients and reduces treatment expenses and economic burdens
(Gellrich et al. 2020; Durham et al. 2023).

Valero et al. (2022) analyzed the efficacy of dust mite-specific SCIT to treat moderate-severe AR,
finding that symptom scores significantly decreased after two months of SCIT, and the quality of life
significantly improved after 12 months of treatment. Huang et al. (2022) conducted a retrospective
analysis by performing SCIT with Mp allergen preparation in 372 patients with Mp-induced AR for three
years or longer. They found that standardized SCIT might be a safe and effective treatment method for AR
patients. The experimental group in this study had a higher total response rate (59.18% vs. 30.61%) and
lower post-treatment TCS, VAS score, and miniRQLQ score than the control group. That means that mite-
specific SCIT is markedly effective in treating AR patients, relieving clinical symptoms, and improving
quality of life, similar to the findings in the mentioned studies. That may be attributed to the following
factors: (i) Mite-specific SCIT regulates the thresholds of mast cells and basophils to reduce the IgE-
mediated release of related histamine (Gioacchino et al. 2022); (ii) Mite-specific SCIT reduces the synthesis
of activated eosinophils at the inflammatory site to repress the release of cationic proteins and relevant
chemokines from eosinophils and neutrophils to some extent, thereby improving clinical symptoms; (iii)
Mite-specific SCIT induces the production of Treg cells and the release of numerous immunosuppressive
cytokines, such as interleukin-10 (IL-10) and transforming growth factor-B (TGF-B), by hindering the
maturation of dendritic cells (DCs), which convert antibodies produced by B cells into IgG4, thus hindering
the pro-antigen-presentation of IgE, reducing inflammatory factor expression, and enhancing efficacy (Liu
et al. 2020).

IgE is significant for AR development and progression (Hesse et al. 2018; Feng et al. 2019), but its
specific regulatory mechanism has not been elucidated. Bai et al. (2023) reported that type-2 inflammation
and IgE were vital for AR, existed independently or comorbidly, and were somewhat related to the severity
of clinical symptoms. Xue et al. (2020) found that sIgk, Dp-sIgE, and Df-sIgE antibody levels might predict
the therapeutic effect, and the higher the expression of these indicators, the more likely the satisfactory
therapeutic outcome for patients (20). These findings suggest that IgE is highly significant for AR. This study
demonstrated that slgk, Dp-sigE, and Df-sIgE levels were lower in the experimental group than in the
control group after treatment, proposing that mite-specific SCIT improves IgE levels. Such levels were
lower in the effective group than in the ineffective group after treatment. The plotted ROC curves revealed
that the AUC of sIgE, Dp-slgE, Df-sIgE, and their combination for predicting the efficacy of mite-specific SCIT
in AR treatment was 0.839 (95% Cl: 0.757-0.921), 0.779 (95% Cl: 0.684-0.874), 0.814 (95% Cl: 0.719-0.910),
and 0.903 (95% Cl: 0.842-0.963), respectively. That indicates that monitoring sIg, Dp-sIgE, and Df-sIgE
levels may predict efficacy, corroborating the described findings.

5. Conclusions

Mite-specific SCIT is markedly effective in treating AR patients, relieving clinical symptoms, and
improving quality of life. Its action mechanism may relate to the improvement of IgE expression levels.
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