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Abstract: Objective: To evaluate the efficacy of subcutaneous specific immunotherapy (SCIT) for allergic rhinitis
(AR) combined with asthma. Methods: A retrospective analysis of clinical data from 93 patients with AR combined
with asthma admitted to our hospital from January 2022 to January 2023 was conducted. Based on the treatment
interventions received, the patients were divided into a control group (n=46, receiving sublingual specific immuno-
therapy [SLIT]) and an observation group (n=47, receiving SCIT). Clinical treatment response, lung function, levels of
immune indicators, levels of inflammatory indicators, and occurrence of adverse reactions were compared between
the two groups. Results: The total response rate was 95.74% in the observation group and 84.78% in the control
group (P > 0.05). In terms of scores for symptom assessment, Total Nasal Symptom Score (TNSS), Depression
Anxiety Stress Scale (DASS), and Nasal Allergy Symptom Score (NASS) scores in both groups decreased after treat-
ment, with greater decreases in the observation group (P < 0.05). In addition, lung function was improved in both
groups after treatment as reflected by increased Forced Expiratory Volume in one second to Forced Vital Capacity
ratio (FEV1/FVC) and Peak Expiratory Flow (PEF) levels, with greater increases found in the observation group (P <
0.05). Among the immune and inflammatory indicators, Cluster of Differentiation 14 (CD14) and Interleukin-33 (IL-
33) levels decreased, while Secretory Protein D-1 (SPD-1), serum Immunoglobulin G4 (slgG4), Interferon-y (INF-y),
and Interleukin-27 (IL-27) levels increased in both groups after treatment, with greater changes observed in the
observation group (P < 0.05). There was no significant difference in the incidence of adverse reactions between the
observation group (14.89%) and the control group (21.74%) (P > 0.05). Conclusion: In the treatment of AR combined
with asthma, SCIT can better alleviate clinical symptoms, improve lung function, regulate immune and inflammatory
responses in patients, and does not increase the risk of adverse reactions compared to SLIT.
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Introduction cessive immune responses, releasing various
inflammatory mediators that lead to inflamma-
tion of the nasal mucosa and airways, manifest-
ing clinically as symptoms such as sneezing,
nasal congestion, rhinorrhea, cough, chest ti-

ghtness, and dyspnea [3].

Allergic rhinitis (AR) and asthma are common
co-occurring allergic respiratory disorders that
significantly impact patients’ quality of life and
healthcare utilization [1, 2]. These conditions
are characterized by high susceptibility, chro-

nicity, and recurrent exacerbations, posing sub-
stantial burdens on affected individuals and
the healthcare system [1, 2]. The pathogenesis
of AR and asthma involves complex immune
reactions and inflammatory processes [3].
Upon allergen exposure, the body mounts ex-

The current clinical methods for treating this
condition primarily include pharmacotherapy,
allergen-specific immunotherapy (ASIT), and
environmental control measures. Pharmaco-
therapy involves the use of medications such
as corticosteroids, antihistamines, leukotriene
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receptor antagonists, and bronchodilators to
alleviate symptoms and control inflammation
in both the upper and lower airways. How-
ever, traditional pharmacological treatments
for combined AR and asthma often fail to
achieve satisfactory long-term control, and pro-
longed use may result in drug resistance and
adverse effects [4]. ASIT, on the other hand,
aims to desensitize the immune system to
specific allergens through gradual exposure,
leading to reduced symptoms and medication
usage. Immunomodulatory therapies, particu-
larly subcutaneous specific immunotherapy
(SCIT) and sublingual specific immunotherapy
(SLIT), have gained attention as targeted app-
roaches addressing the underlying immunologi-
cal mechanisms [5]. SLIT, for instance, involves
the oral administration of allergen extracts to
induce mucosal immune regulation and thera-
peutic effects [5]. SCIT, on the other hand,
gradually increases the patient’s tolerance to
specific allergens by subcutaneous injection,
thereby alleviating allergic and inflammatory
reactions. Both immunotherapies have achie-
ved certain efficacy in treating AR and asthma,
but their efficacy and safety are still controver-
sial [6]. Environmental control measures focus
on minimizing allergen exposure in the patient’s
surroundings.

However, these current methods have their
disadvantages. Some patients may not achieve
optimal symptom control, leading to ongoing
symptoms and impaired quality of life. Com-
pliance with long-term medication use, and
allergen immunotherapy can be challenging,
and treatment side effects may impact patient
satisfaction and adherence. Therefore, there is
a need for innovative research to address these
limitations and develop more effective, safe,
and patient-friendly approaches for managing
AR combined with asthma. This study aims to
investigate the effects of SLIT and SCIT to find
the optimal treatment strategies that offer bet-
ter symptom control, enhanced patient adher-
ence, and reduced side effects.

Data and methods
Basic information

A retrospective analysis was conducted on the
clinical data of 93 patients with concomitant
AR and asthma admitted to our hospital from
January 2022 to January 2023. Patients were
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eligible if they were 18 years old or older, met
the diagnostic criteria for AR and asthma [7, 8],
had dust mites as the identified allergen, had
strong willingness for treatment and completed
1 year of treatment and follow-up with good
adherence to the prescribed medication regi-
men, and had complete clinical data. Patients
were excluded if they had a history of alcohol
or drug dependence, concurrent sensitivity to
other inhaled allergens besides dust mites,
severe organ dysfunction, abnormalities in im-
mune or coagulation function, malignancies,
severe infections, bleeding tendencies, recent
(within 1 month) use of immunomodulatory
drugs or antihistamines, recent history of typi-
cal asthma attacks, allergic reactions or con-
traindications to the study interventions, and
concurrent cognitive impairment, conscious-
ness disorders, or mental illness. Participants
were divided into a control group (n=46) and an
observation group (n=47) based on the treat-
ment interventions. This study was approved
by the Medical Ethics Committee of Renmin
Hospital, Hubei University of Medicine.

Methods

Control group: The control group received SLIT,
with the following specifics: The patients were
administered sublingual drops containing dust
mite allergens (manufactured by Zhejiang
Wumei Biotechnology Co., Ltd., with Chinese
Medical Device Registration No. S20060012).
The medication comprised 5 specifications,
numbered 1 to 5. The treatment duration was 1
year, and hospitalization was not required. In
the first 3 weeks, patients were orally adminis-
tered dust mite drops No. 1 to No. 3 sublingual-
ly daily, with the dosage gradually increasing.
The specific dosages were as follows: 1, 2, 3, 4,
6, 8, and 10 drops per day each week, increas-
ing sequentially. From the 4th to the 5th week,
patients switched to dust mite drops No. 4, with
3 drops each time, once daily. Starting from the
6th week until the end of treatment, patients
took dust mite drops No. 5, with 2 drops each
time, once daily. During the treatment, if any
adverse reactions occurred, they were to inform
the doctor immediately by phone for timely
management.

Observation group: The observation group
received SCIT, with the following specifics: The
standardized house dust mite allergen prepara-
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tion produced by ALK-AbelloA/S was used for
treatment, with a treatment duration of 1 year.
The injection site was the outer third of the
upper arm for the subcutaneous injection, with
the dosage gradually increasing. In the first
week, the injection dosage was 20 Standardiz-
ed Quality Unit (SQ-U), which was gradually
increased every week until reaching the maxi-
mum dosage. The specific incremental dosag-
es were as follows: 40 SQ-U, 80 SQ-U, 200
SQ-U, 400 SQ-U, 800 SQ-U, 2,000 SQ-U, 4,000
SQ-U, 8,000 SQ-U, 10,000 SQ-U, 20,000 SQ-U,
40,000 SQ-U, 60,000 SQ-U, and 80,000 SQ-U.
From the 15th week, the dosage was adjusted
to 100,000 SQ-U, and injections were adminis-
tered every 6 weeks after the 16th week. Thirty
minutes before injection, the patient was given
antihistamine medication to reduce the occur-
rence of adverse reactions. After injection, the
patient was observed for 30 minutes to ensure
no abnormalities before leaving.

Outcome measures

(1) Clinical treatment response: The efficacy
was evaluated based on the changes in patient
symptoms (sum of nasal symptom score and
asthma symptom score), where significant ef-
fect was defined as a reduction of symptoms
score by more than 65%, effective as a reduc-
tion in the range of 25% to 65%, and ineffective
as a reduction of less than 25% in symptoms
score after treatment.

(2) Scores of clinical symptoms: Before and
after treatment, nasal symptoms were as-
sessed using the Total Nasal Symptom Score
(TNSS) [9], where sneezing, rhinorrhea, nasal
congestion, and nasal itching were scored as O,
1, 2, and 3 respectively for none, mild, moder-
ate, and severe symptoms, with a total score
ranging from O to 12. Asthma symptoms were
assessed using the Daytime Asthma Symp-
tom Score (DASS) and the Nighttime Asthma
Symptom Score (NASS) [10]. For DASS, no
symptoms, mild asthma, frequent attacks, and
continuous attacks were scored as 0, 1, 2, and
3 respectively. For NASS, no symptoms, waking
up once due to asthma symptoms, waking up
frequently, continuous attacks causing sleep
disturbances, and unable to lie flat were scored
as 0, 1, 2, 3, and 4 respectively.

(3) Pulmonary function: Before and after treat-
ment, forced expiratory volume in 1 second
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(FEV1), forced vital capacity (FVC), and peak
expiratory flow rate (PEF) were measured using
a spirometer (MS-10S type), and the ratio of
FEV1 to FVC was calculated.

(4) Levels of immunological indictors: Before
and after treatment, 5 mL of fasting venous
blood was collected from the elbow in patients,
and serum levels of CD14, soluble programmed
cell death ligand 1 (SPD-L1), and specific immu-
noglobulin G4 (slgG4) were measured using
enzyme-linked immunosorbent assay (ELISA)
(Echelon Biosciences, CAT#K-1200).

(5) Levels of inflammatory factors: Before and
after treatment, blood specimens were collect-
ed from patients (using the same method as
above), and interleukin-33 (IL-33), interferon-
gamma (INF-y), and interleukin-27 (IL-27) le-
vels were measured using ELISA (Echelon
Biosciences, CAT#K-1200).

(6) Occurrence of adverse reactions: Gastro-
intestinal discomfort, nausea/vomiting, skin
reactions, worsening of rhinitis, and worsening
of asthma were recorded as adverse reactions.
All these indices were tested three months
after the completion of the treatment.

(7) Prognosis: To assess the prognosis, symp-
toms, including running nose, rhinocnesmus,
sneezing, and nasal congestion, were recorded
in both groups. Each symptom was scored on a
scale of 0-3 points, ranging from a normal state
(O points) to unbearable symptoms (3 points).
The severity of symptoms was directly propor-
tional to the score, and the prognosis was clas-
sified into favorable and unfavorable.

Statistical analysis

GraphPad Prism 8 was used for graphical visu-
alization, and SPSS 22.0 was used for data
analysis. Measurement data were described
using (X % s) and analyzed using the t-test,
while count data were described as n (%) and
analyzed using the chi-square test. Logistics
regression was conducted to analyze the risk
factors affecting the prognosis. P < 0.05 indi-
cated statistical significance.

Results

There were no statistically significant differenc-
es between the control and observation groups
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Table 1. Basic information (X £ s, n [%])

Control Observation
(n=46) (n=47) v P
Sex - - 0.258 0.611
Male 26 (56.52) 29 (61.70) - -
Female 20 (43.48) 18(38.30)

24.79+3.27 25.43+3.56 0.902 0.369
1.79+0.47 1.513 0.133

Age (years)
Course of disease (years) 1.65+0.42

BMI (kg/m?) 23.68+1.35 23.26+1.44 1.450 0.150
Severity of illness - - 0.408 0.522
Moderate 35 (76.09) 33 (70.21) - -
Severe 11 (23.91) 14 (29.79) - -

Table 2. Comparison of clinical treatment response [n (%)]

Comparison of immune and
inflammatory levels

As depicted in Figure 3, the lev-
els of CD14 and IL-33 decreased
in both groups after treatment
compared to before treatment,
while the levels of SPD-1, slgG4,
INF-y, and IL-27 increased, with
a greater magnitude of chang-
es observed in the observation
group (all P < 0.001).

Comparison of adverse reac-
tions

The occurrence rate of adver-

Significant

Group (n) effect

Effective Ineffective
response rate

Total se reactions in the observation

Control (n=46)

X2 -
P R

17 (36.96) 22 (47.83) 7 (15.22)
Observation (n=47) 25 (53.19) 20 (42.55) 2 (4.26)

group (14.89%) did not signifi-

39 (84.78) cantly differ from that in the con-
45 (95.74) trol group (21.74%) (P=0.393),
2.064 as shown in Table 3.
0.150

in terms of sex distribution, age, course of dis-
ease, Body Mass Index (BMI), and severity of
illness. This indicates that the two groups were
well-matched in terms of baseline characteris-
tics, laying a solid foundation for the effective
comparison of the study outcomes (Table 1).

Comparison of clinical treatment response

The total response rate was 95.74% in the
observation group and the 84.78% in the con-
trol group, showing no significant difference
between groups (P > 0.05). See Table 2.

Comparison of clinical symptoms

As shown in Figure 1, the TNSS score, DASS
score, and NASS score decreased in both
groups after treatment compared to before
treatment, with a greater magnitude of chang-
es observed in the observation group (all P <
0.001).

Comparison of pulmonary function

As illustrated in Figure 2, the FEV1/FVC and
PEF levels increased in both groups after treat-
ment compared to before treatment, with a
greater magnitude of changes observed in the
observation group (all P < 0.001).
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Assessment of prognosis

Based on the clinical response to treatment,
the patients were categorized into a favorable
prognosis group and an unfavorable prognosis
group. Factors influencing prognosis were ana-
lyzed, and SPD-1 and slgG4 were found to have
a strong association with treatment efficacy (P
< 0.05, Table 4). These significant indicators
were further examined using multivariate logis-
tic regression analysis, which revealed that
SPD-1 and slgG4 were independent risk factors
affecting prognosis (P < 0.05, Table 5).

Discussion

AR and asthma are closely linked chronic res-
piratory conditions that significantly impact
patients’ physical and mental health, as well
as their quality of life. The common symptoms
include wheezing, coughing, rhinorrhea, sneez-
ing, nasal congestion, and itching [11]. While
traditional symptomatic treatments can pro-
vide symptom relief, they do not alter the under-
lying disease course, and sufferers often re-
quire lifelong medication [12]. Specific immu-
notherapy, on the other hand, has the potential
to modify the natural progression of these aller-
gic diseases. By gradually exposing patients to
increasing doses of allergens, specific immuno-
therapy aims to induce immune tolerance and
reduce the occurrence of allergic symptoms
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Figure 2. Comparison of pulmonary function (X s, %). A: FEV1/FVC; B: PEF. Note: Compared to before treatment,
*P < 0.05; between groups in the After treatment, #P < 0.05. FEV1/FVC, Forced Vital Capacity ratio; PEF, Peak
Expiratory Flow.

[13]. Environmental allergens, particularly dust [16]. Additionally, research has indicated that
mites, are major triggers for AR and asthma SCIT may be more effective than SLIT in manag-
[14]. The two primary forms of specific immuno- ing patients with allergic asthma accompanied
therapy are SLIT and SCIT. SCIT, as the tradi- by AR [17]. However, there are large inconsis-
tional approach, is recommended by authorita- tencies in the current findings among previous
tive guidelines, such as those from the World research.

Allergy Organization and the Chinese Society of

Allergology [15]. However, there is an ongoing In this study, patients in the observation group
debate regarding the comparative efficacy and showed certain advantages in clinical efficacy
safety of SLIT versus SCIT. Some studies have and the occurrence rate of adverse reactions,
suggested that SCIT may be clinically compa- but the overall difference did not reach statisti-
rable or even superior to SLIT in certain aspects cal significance, which may be attributed to the
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Figure 3. Comparison of immune and inflammatory levels (X % s). A: CD14; B: SPD-L1; C: slgG4; D: IL-33; E: INF-y;
F: IL-27. Note: Compared to before treatment, *P < 0.05; between groups in the After treatment, #P < 0.05. CD14,
Cluster of Differentiation 14; IL.-33, Interleukin-33; SPD-1, Secretory Protein D-1; slgG4, serum Immunoglobulin G4;

INF-y, Interferon-y; IL-27, Interleukin-27.

Table 3. Comparison of adverse reactions [n (%)]

84.78% in the control group (SLIT).

Control  Observation

Adverse Reactions (n=46) (n=47)

x2

While the difference was not sta-
P tistically significant, it is important

Gastrointestinal discomfort 3 (6.52) 2 (4.26)
Nausea and vomiting 2 (4.35) 2 (4.26)
Skin reactions 2 (4.35) 1(2.13)
Aggravation of rhinitis 1(2.147) 1(2.13)
Aggravation of asthma 2 (4.35) 1(2.13)
Total occurrence rate 10 (21.74) 7 (14.89)

to consider the findings in the con-
text of published studies. Several
studies have reported similar rates
. for SCIT and SLIT in treating AR
- combined with asthma [17]. The
- mechanism underlying the clinical

0.729 0.393 treatment effects of both SCIT and

relatively small sample size included in this
study. The total response rate of treatment was
95.74% in the observation group (SCIT) and
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SLIT lies in their ability to induce
immune tolerance and modulate
allergen-specific immune responses. SCIT, in-
volving subcutaneous injection, activates regu-
latory T cells and stimulates the production of

Am J Transl Res 2024;16(10):5933-5942
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Table 4. Univariate analysis

Favorable prognosis group Unfavorable prognosis

Factors (n=70) group (n=23) t/x2 P
Sex 0.098 0.753
Male 40 14
Female 30 9
Age (years) 0.006 0.935
>20 45 15
<20 25 8
Course of disease (years) 0.014 0.905
>15 55 19
<15 15 4
BMI (kg/m?) 0.031 0.860
>20 38 12
<20 32 11
Severity of illness 0.053 0.818
Moderate 50 17
Severe 20 6
TNSS score 8.01+2.22 9.06+£2.82 1.836 0.069
DASS score 1.52+0.04 1.53+0.03 1.100 0.274
NASS score 1.23+0.31 1.25+0.25 0.281 0.779
CDhi14 1.72+0.11 1.77+0.12 1.849 0.068
IL-33 30.23+1.22 29.77+1.32 1.537 0.128
SPD-1 1022.33+35.21 450.27+20.23 73.843 0.001
slgG4 42.83+1.25 70.22+1.27 90.817 0.001
INF-y 15.25+0.56 15.04+0.22 1.749 0.084
IL-27 58.99+1.69 58.32+1.72 1.642 0.104
FEV1/FVC 80.22+2.68 79.87+2.25 0.564 0.574
PEF 82.01+2.22 81.34+2.62 1.200 0.233

TNSS, Total Nasal Symptom Score; DASS, Depression Anxiety Stress Scale; NASS, Nasal Allergy Symptom Score; FEV1/FVC,
Forced Vital Capacity ratio; PEF, Peak Expiratory Flow; CD14, Cluster of Differentiation 14; IL.-33, Interleukin-33; SPD-1, Secre-
tory Protein D-1; slgG4, serum Immunoglobulin G4; INF-y, Interferon-y; IL-27, Interleukin-27.

Table 5. Logistics regression analysis of risk factors affecting prognosis

95% ClI
Factor B Standard error Chisquare value  P-value OR value — - —
Lower limit Upper limit
SPD-1 -1.846 0.718 6.613 0.01 0.149 0.029 0.635
slgG4 -2.269 0.721 9.701 0.003 0.116 0.026 0.415

SPD-1, Secretory Protein D-1; slgG4, serum Immunoglobulin G4.

allergen-specific 18G4 antibodies, leading to
reduced allergic inflammation [16]. Similarly,
SLIT stimulates regulatory cytokines and gener-
ates allergen-specific regulatory T cells, sup-
pressing allergic responses. Thus, both SCIT
and SLIT work through immune modulation
mechanisms, resulting in improved clinical
outcomes.
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Moreover, TNSS, DASS, and NASS scores sig-
nificantly decreased in both groups after treat-
ment, with a more significant improvement
observed in the observation group. This finding
is consistent with previous studies that have
demonstrated the superiority of SCIT over SLIT
in alleviating clinical symptoms [18]. The un-
derlying mechanism can be attributed to the
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different routes of administration and subse-
quent immune responses. SCIT, using subcuta-
neous injection, delivers allergens directly to
antigen-presenting cells, triggering a stronger
systemic immune response and better symp-
tom control [19]. Conversely, SLIT primarily tar-
gets the mucosal immune system through oral
administration, leading to local immune modu-
lation. The systemic effects of SCIT may explain
the greater improvement in clinical symptom
scores observed in the observation group.

Furthermore, both groups showed improve-
ment in lung function parameters, including
FEV1/FVC and PEF levels, with more significant
changes observed in the observation group.
These findings align with previous studies re-
porting significant improvements in lung func-
tion after SCIT [20]. The mechanism behind this
improvement involves the reduction of airway
inflammation and hyperresponsiveness. Sub-
cutaneous administration of allergens in SCIT
induces the production of allergen-specific reg-
ulatory T cells and suppresses Th2-mediated
inflammatory responses, leading to decreased
airway inflammation and improved lung func-
tion [21]. The observed greater improvement in
lung function in the observation group may be
attributed to the stronger immunomodulatory
effects of SCIT compared to SLIT.

Additionally, after treatment, the CD14 and
IL-33 levels decreased, while the SPD-1, slgG4,
INF-y, and IL-27 levels increased in both groups,
with more significant changes observed in the
observation group. These changes reflect the
immunomodulatory effects of both SCIT and
SLIT. CD14 is a marker of monocyte activation,
and its decrease suggests a reduction in pro-
inflammatory responses [22]. IL-33 is a pro-
inflammatory cytokine associated with allergic
inflammation, and its decrease indicates sup-
pression of Th2-mediated responses. The in-
crease in SPD-1, slgG4, INF-y, and IL-27 levels
reflects the shift towards anti-inflammatory
and regulatory immune responses [23-25].
These changes in immune and inflammatory
indicators align with the known mechanisms of
action of SCIT and SLIT, where they promote the
development of allergen-specific regulatory T
cells and the production of allergen-specific
IgG4 antibodies, leading to immune tolerance
and suppression of allergic inflammation.
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Importantly, the incidence of adverse reactions
was comparable between the observation gr-
oup (14.89%) and the control group (21.74%).
This finding is consistent with previous studies
reporting a similar safety profile for both SCIT
and SLIT [26]. Adverse reactions, such as local
injection site reactions and mild systemic reac-
tions, are generally mild and well-tolerated. The
overall safety of both SCIT and SLIT is attribut-
ed to the gradual dose escalation protocols
and close medical supervision during immuno-
therapy administration. These provide further
support for the safety of both SCIT and SLIT,
ensuring their appropriate use in clinical
practice.

This study on AR combined with asthma has
made significant contributions to our under-
standing of these conditions. However, it is
essential to acknowledge the limitations to
ensure a comprehensive interpretation of the
findings. One potential limitation of this study
may be the relatively small sample size, which
could limit the generalizability of the results to
a broader population. Additionally, the study
design, such as the absence of a blank control
group or randomization, may restrict the estab-
lishment of causal relationships. Furthermore,
the duration of follow-up in the study might
have been relatively short, potentially limiting
insights into the long-term effects of the inter-
vention. It is important to consider these limita-
tions when interpreting the study’s findings and
to encourage further research to address these
aspects in future investigations.

Conclusion

In the treatment of patients with AR combined
with asthma, compared to SLIT, SCIT can fur-
ther alleviate clinical symptoms, improve lung
function, regulate immune and inflammatory
responses in patients, and SCIT does not in-
crease the risk of adverse reactions in patients.
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