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Background: Allergic asthma and allergic rhinitis are common chronic respiratory diseases in children.
The prevalence rate of disease is increasing year by year. And avoid allergens, drug treatments and special
immunotherapy (SIT) is the fundamental treatment for respiratory allergies diseases. But there are few
comprehensive studies on the control level of asthma, improvement of lung function, and changes of exhaled
nitric oxide (FeNO) after SLIT treatment in children with allergic asthma and rhinitis.

Methods: In all, 71 child asthma patients who received sublingual-specific immune therapy for 1 year or
more were divided into an asthmatic rhinitis group (31 cases) and an asthma-alone group (40 cases). The two
groups of patients were compared before and after treatment in terms of rhinitis symptom scores, daytime
and nighttime asthma symptom scores, visual analog scale (VAS) score, drug score, pulmonary function, and
exhaled nitric oxide level (FeNO).

Results: After treatment, daytime symptom scores, VAS scores, drug scores, and FeNO levels of the
asthma-alone group were all lower than before treatment, and the lung function was significantly improved
(P<0.05), while the difference in night symptom scores before and after treatment was not statistically
significant (P>0.05). The lung function and FeNO level of children in the asthmatic rhinitis group were
lower after treatment than before treatment, with statistically significant differences (P<0.05). The scores of
rhinitis and VAS in the asthmatic rhinitis group were higher than those in the asthma-alone group, and the
differences were statistically significant. There was no significant difference in other scores between the two
groups. There was no significant difference in lung function and FeNO level between the two groups.
Conclusions: SLIT for children with or without allergic asthma or with or without rhinitis has a
significant effect, but its effect on children with asthma combined with rhinitis is not superior to that of

children with asthma alone.
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Introduction

Allergic respiratory diseases in children mainly include
allergic rhinitis (AR) and asthma, which are noninfectious
inflammatory diseases mediated by silicon-germanium
(sIgE) in the respiratory mucosa after children with allergic
constitutions have been exposed to allergens (1). In recent
years, the incidence of respiratory allergic diseases in
children has been increasing. The third epidemiological
survey of childhood asthma in 2013 showed that the 2-year
prevalence rate of asthma in urban children aged 0-14 years
was 2.32% on average, and the cumulative prevalence rate
was 3.02% on average. In all, 50.1% of these children were
also accompanied by AR (2). Compared with the results of
the national epidemiological survey of childhood asthma in
2000, the current incidence of asthma increased by 50.6%
and the cumulative prevalence increased by 53.3%. In
China, the survey data of AR in different regions fluctuates
greatly. Zhao et al. (3) conducted an epidemiological survey
on children’s AR in Beijing, Chonggqing, and Guangzhou
by using a multi-order sampling method, and found that
the prevalence rate was 14.46%, 20.42%, and 7.83%,
respectively, with the prevalence level gradually increasing.
Allergen immunotherapy (AIT) has been recommended
to treat AR and asthma. AI'T mainly includes sublingual-
specific immunotherapy (SLIT) and subcutaneous-
specific immunotherapy (SCIT), both of which can
alleviate patients’ respiratory symptoms, reduce the use of
appropriate drugs, and improve patients’ quality of life (4).
Both of the above approaches have been proved effective in
treating children with respiratory irritability. The results of
meta-analysis showed that both SCIT and SLIT were safe
and effective in treating dust mite allergic rhinitis. However,
no unanimous conclusion has been reached on the merits
of the two methods in treating children with asthma (5),
at present, only a few literatures have been reported. Miao
et al. (6) found that different immunotherapy approaches
had time differences in the intrinsic immunological
response of asthmatic children, among which SCIT
immunotherapy children showed earlier immune response.
However, because of the limited delivery method of SCIT
and the high requirement of patient compliance, its clinical
application was greatly limited, while SLIT was more
easily accepted by patients and their families. The World
Allergy Organization (WAO) indicated that although the
clinical efficacy of SLIT is limited by the dose, course, and
patient selection, the effectiveness of SLIT in adult rhinitis
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and conjunctivitis and in asthma and rhinitis in children
is worth promoting (7). SLIT in children with allergic
asthma or AR has been studied in China (8,9), but there
are few comprehensive studies on the improvement of
lung function, and changes of exhaled nitric oxide (FeNO)
after SLIT treatment in children with allergic asthma and
rhinitis. Therefore, dust mite drops were used in this study
to treat children with asthma and rhinitis, and the clinical
efficacy, pulmonary function level, and the changes of
FeNO indexes were observed. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/tp-20-322).

Methods
Research subjects

SLIT treatment of asthma with rhinitis was randomly
selected from February 2016 to February 2018 in 48 cases of
children admitted to our hospital with asthma and rhinitis.
After a year of follow-up, 8 cases were lost to follow-up. For
acute asthma attacks [less than 70% of the expected forced
expiratory volume in one second (FEV))], termination of
desensitization therapy occurred in 5 cases, and 4 cases were
out on their own research. Ultimately, 31 cases completed
the follow-up.

SLIT treatment of asthma without allergic rhinitis in
our hospital in the same time was selected as the asthma
group. Fifty-six children were placed into the group. After
1 year of follow-up, 5 cases were lost to follow-up for acute
asthma attacks in the process of follow-up (less than 70% of
the expected FEV)), termination of desensitization therapy
occurred in 5 cases, and 6 cases withdrew from the study by
themselves. Finally 40 cases completed the follow-up.

The inclusion criteria: (I) the diagnosis and treatment
of patients were based on The Guidelines for Diagnosis and
Treatment of Allergic Rbinitis in Children (2010, Chonggqing)
and the Guidelines for Prevention and Treatment of Bronchial
Asthma in Children (2016). Accordingly, the inclusion
criteria were the following: (II) children with asthma in
remission stage; (III) tested for allergen skin puncturing
before treatment, with the results showing dust mites and/
or household dust mite were positive; meanwhile, the
exclusion criteria were the following: (I) acute asthma attack
with FEV| less than 70% of the expected value; (II) loss
to follow-up or withdrawal from the study due to various
reasons; (III) occurrence of a severe allergic reaction.
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Table 1 Allergic rhinitis symptom rating scale (12)

Ai et al. Effects of SLIT in children with asthma

Grade  Sneeze” (number)  Runny nose® (number)  Rhinobyon Rhinocnesmus

1 3-5 <5 Consciously inhaling Discontinuous

2 6-10 6-9 Interactivity Formication, endurable

3 >11 >10 Breathing through mouth almost all day Formication, unendurable

A the number of a consecutive sneezes; &, the number of times you blow your nose.

Table 2 Evaluation of daytime and nighttime symptoms of asthma

(13)

Daytime symptom score for Nighttime symptom

Grade asthma score for asthma

0 Asymptomatic Asymptomatic

1 Few symptoms and very short  Wake up once or early
duration

2 >2 times very short symptoms  Wake up 2 times

3 Symptoms are mild for many Wake up many times
parts of the day, but have little
impact on life and work

4 Symptoms are severe at more  Unable to sleep at
times of the day, affecting life  night
and work

5 Symptoms are so severe that the subject is unable to

work and live a normal life

Research methods

In this study, sublingual desensitization treatment was
performed with sublingual dust mite drops (national drug
approval No. §20060012) produced by Zhejiang Wolwo
Biotechnology Co., Ltd (Zhejiang, China), which were
divided into 1-4 bottles, with corresponding total protein
concentrations of 1, 10, 100, and 333 pg/mL. The drug was
placed under the tongue for 1-3 minutes before swallowing.
The treatment process includes the increment phase and the
maintenance phase. During the increment phase, bottles 1,
2, and 3 were used in order for 1 week each, and 1, 2, 3, 4, 6,
8, and 10 drops of duster were administered from day 1 to
day 7 of each week. Dust mite drop no. 4 was administered
at 3 drops/time/day, until the end of the treatment period.
SLIT therapy was adopted, and other corresponding drugs
were used to treat asthma and rhinitis according to the
clinical symptoms.
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Lung function tests

Lung function was determined by the Master Screen lung
function instrument (Jaeger GmbH, Cologne, Germany).
The parameters include forced vital capacity (FVC),
forced expiratory volume in one second (FEV),), FEV/
FVC, maximum forced peak flow expiratory (PEF), forced
expiratory flow (FEF,;, FEF;,, FEF;), and maximum mid-
expiratory flow (MMEF) (10).

Determination of exbaled nitric oxide

AN exhaled nitric oxide (FeNO) tester (NIOX VERO,
Sollentuna, Sweden) was used to measure the exhaled nitric
oxide index of children. FeNO levels were measured in
accordance with the standardized FeNO assay guidelines
recommended by the American Thoracic Society/European
Respiratory Society (ATS/ESR) (11).

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
ethics board of Chengdu Women and Children Center
Hospital and informed consent was taken from all the
patients.

Evaluation index

Symptom scores

The severity of the main symptoms of rhinitis was assessed
by the “four-point method” (7able 1) (12). The symptom
score of asthma included daytime symptom score, nighttime
symptom score, and visual analog scale (VAS) score, which
depended on the severity of the symptoms and their impact
on life (Tible 2) (13).

Drug scoring
A quantitative index of the application of symptomatic
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Table 3 Symptomatic drug rating scale (14)

Grade Symptomatic treatment drugs

1 Oral and/or topical antihistamines
Antileukotrienes
Bronchodilators
2 Nasal corticosteroids/inhaled corticosteroids
3 Oral glucocorticoids

Combination therapy (hormone and beta2-receptor
agonist)

Table 4 Comparison of scores before and after treatment in
asthma-alone group

Evaluation index Prior treatment Post-treatment Z P

Daytime
symptom score

0.0(0.0,1.8) 0.0(0.0,0.0) 3.451 0.001

Nighttime 3.0(1.3,4.00 4.0(0.3,4.00 0.198 0.843
symptom score

VAS score 5.0(3.0,6.00 0.0(0.0,2.0) 5.187 <0.001
Drug score 3.0(3.0,4.00 0.0(0.0,2.00 5.343 <0.001

The data were shown as after treatment, the scores of
daytime symptoms, VAS scores and drug scores in the
asthma-alone group were lower than those before treatment,
and the differences were statistically significant. There was
no statistically significant difference in the scores of night
symptoms before and after treatment.

Table 5 Comparison of scores before and after treatment in the
asthmatic rhinitis group

Evaluation index Prior treatment Post-treatment Z P
Rhinitis score 3.0(2.0,4.00 1.0(1.0,1.00 4.760 <0.001
Daytime 1.0(0.0,1.00 0.0(0.0,0.0) 3.499 <0.001
symptom score

Nighttime 0.0(0.0,0.00 0.0(0.0,0.00 2.530 0.011
symptom score

VAS score 4.0(2.0,5.00 2.0(1.0,3.00 4.617 <0.001
Drug score 4.0(4.0,5.00 0.0(0.0,2.0) 4.842 <0.001

The data were shown as the scores of rhinitis, daytime symptom
scores, nighttime symptom scores, VAS scores and drug
scores of asthmatic rhinitis group were all lower after treatment
than before treatment, and the differences were statistically
significant.
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drugs was used to record the use of symptomatic drugs
in the children, so as to evaluate the clinical efficacy of
immunotherapy. Our study adopted the “three-step”
scoring method (Table 3) (14).

Statistical analysis

SPSS 17.0 software (IBM, Armonk, NY, USA) was used for
statistical analysis of the data. If the quantitative data were
normally distributed, the mean + standard deviation (SD)
was used for description, and two independents sample
t-test (Student’s 7-test) was used for comparison between
the groups. The quantitative data are described by median,
upper, and lower quartile (M, P25-P75) for non-normal
distribution, and the rank-sum test of the two independent
samples was used for intergroup comparison (Mann-Whitney
U test). Qualitative data are described by percentage, and
comparisons between groups were performed by chi-square
test. The cut-off value of P was 0.05.

Results

There were 31 patients in the asthmatic rhinitis group,
including 24 males (77.4%) and 7 females (22.6%), and
40 patients in the asthma-alone group, including 23 (57.5%)
males and 17 (42.5%) females. There was no significant
difference in gender composition between the two groups
(=3.097, P=0.078). The mean age of the asthmatic rhinitis
group was 6.6x2.5 years old, and that of the asthmatic group
was 7.6x3.2 years old. There was no significant difference in
age between the two groups (1'=1.567, P=0.122).

After treatment, the scores of daytime symptoms, VAS
scores, and drug scores in the asthma group were lower than
those before treatment, and the differences were statistically
significant. There was no statistically significant difference
in the scores of night symptoms before and after treatment
(Table 4). The scores of rhinitis, daytime symptom scores,
nighttime symptom scores, VAS scores, and drug scores
of patients with asthma combined with rhinitis were all
significantly lower after treatment than before treatment
(P<0.05) (Tuble 5).

For both the asthma-alone group alone and the asthmatic
rhinitis group, the pulmonary function index of the children
after treatment was significantly improved compared with
that before treatment, while the FeNO level after treatment
was significantly decreased compared with that before
treatment (P<0.05) (Tables 6,7).

The VAS score of patients with asthma combined with
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Table 6 Comparison of lung function indexes and FeNO before and after treatment in the asthma-alone group

Evaluation index Prior treatment Post-treatment t P

FVC 89.5+12.1 103.0+11.4 6.793 <0.001
FEV, 88.7+12.7 104.8+13.3 6.874 <0.001
PEF 91.2+14.8 105.6+13.9 5.019 <0.001
FEF 5 54.9+16.5 89.1+£24.9 8.094 <0.001
FEFs, 66.5+16.0 92.7+21.4 7.030 <0.001
FEF,s 68.4+21.7 99.1+22.8 6.602 <0.001
MMEF 62.4+15.9 91.4+24.3 7.464 <0.001
FeNO 33.5 (27.0, 51.8) 17.0 (11.3, 24.5) 5.493 <0.001*

?, rank-sum test of two independent samples (Mann-Whitney U Test). The data were shown as the lung function indexes of the children
after treatment were significantly improved compared with that before treatment, while FeNO level after treatment was significantly
decreased compared with that before treatment, with statistically significant differences in the asthma-alone group.

Table 7 Comparison of lung function indexes and FeNO before and after treatment in the asthmatic rhinitis group

Evaluation index Prior treatment Post-treatment t P

FVC 89.5+10.5 105.4+13.0 8.512 <0.001
FEV, 88.8+9.5 107.1£12.2 9.335 <0.001
FEF 92.9+10.8 107.0+11.9 8.417 <0.001
FEF 5 59.7+21.9 92.1+£23.6 7.328 <0.001
FEFs, 68.6+£15.2 92.9+18.6 7.985 <0.001
FEF,s 65.4+£17.8 95.2+16.5 7.975 <0.001
MMEF 66.5+17.1 91.0+20.1 7.699 <0.001
FeNO 30.0 (22.0, 43.0) 15.0 (11.0, 24.0) 4.862 <0.001*

?, rank-sum test of two independent samples (Mann-Whitney U Test). The data were shown as the lung function indexes of the children
after treatment were significantly improved compared with that before treatment, while FeNO level after treatment was significantly
decreased compared with that before treatment, with statistically significant differences in the asthmatic rhinitis group.

rhinitis was higher than that of patients with asthma alone,
and the difference was statistically significant. There was no
significant difference in the other scores between the two
groups (Table 8). There was no significant difference in lung
function and FeNO between the two groups (Table 9).

Discussion

The natural process of allergic diseases means that their
occurrence and development follow certain patterns (15);
that is, the onset of allergic diseases begins in infancy and
generally manifests as a food allergy or skin eczema. Most
of these symptoms resolve automatically by the age of 3,
but children in this group have a significantly increased risk

© Translational Pediatrics. All rights reserved.

of developing respiratory allergic diseases in their teens,
especially asthma with/without AR. Allergic asthma and
variant rhinitis are the most common respiratory allergic
diseases that seriously affect the quality of life of children.
Allergens are common factors that induce allergic asthma
and variant rhinitis, while dust mites are the main allergens
that cause asthma (16).

Children’s respiratory allergic diseases are chronic non-
communicable diseases, and the management of diseases
refers to the “four-in-one” treatment principle, which
includes avoiding allergens, drug therapy, immunotherapy,
and patient education (7). Although drug therapy can
control allergic symptoms, it cannot affect the natural
process of allergic diseases. Currently, AI'T is considered
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Table 8 Comparison of scores between the asthmatic rhinitis group and the asthma-alone group

Evaluation index Asthmatic rhinitis group (n=31) Asthma-alone group (n=40) VA P

Daytime symptom score 0(0,0) 0(0, 0 2.321 0.020
Nighttime symptom score 0(0, 0 0(0, 0 1.547 0.122
VAS score 2(1,3) 0(0,2 3.399 <0.001
Drug score 0(0,2) 0(0, 2 1.180 0.238

The data were shown as VAS score of asthmatic rhinitis group was higher than that of asthma-alone group, and the difference was
statistically significant. There was no significant difference in other scores between the two groups.

Table 9 Comparison of lung function indexes and FeNO levels between the asthmatic rhinitis group and the asthma-alone group

Evaluation index Asthmatic rhinitis group (n=31) Asthma alone group (n=40) t P

FVC 99.2+12.3 96.7+£12.3 0.841 0.404
FEV, 99.0+11.8 94.8+13.1 1.367 0.176
PEF 100.3 (91.5, 108.6) 97.0 (85.7, 1,062) 1.341 0.180°
FEF 5 63.2+£24.1 57.2£17.0 1.173 0.246
FEFs, 80.9+20.5 74.0£17.7 1.517 0.134
FEF s 93.0+£17.3 89.0+20.1 0.883 0.380
MMEF 78.6+22.3 70.8+18.0 1.600 0.115
FeNO 15.0 (11.0, 24.8) 17.0 (11.3, 24.5) 0.215 0.830°

?, rank-sum test of two independent samples (Mann-Whitney U Test). The data were shown as there was no significant difference in lung

function and FeNO between the two groups.

as the only treatment method that can change the natural
process of allergic diseases. In 2013, WAO confirmed
SLIT’ therapeutic effect on disease and its reliable safety
in the World Allergy Organization position paper 2013
update (17). Its adverse reactions were mild and limited,
mainly manifested as tongue itching, swelling, pain, ulcer,
taste change, ear itching, sore throat, uvula edema and
gastrointestinal symptoms, which could be alleviated by
themselves or reduced by drug dosage, and soon alleviated
after the administration of symptomatic drugs. It also
made it clear that SLIT's application does not need to be
conditional on drug treatment failure, and SLIT can be
applied in the initial clinical stage and early stage of allergic
diseases. In the past 20 years, SLIT has been increasingly
recognized as a safe and effective treatment for allergic
diseases, especially AR and asthma (18). International
studies have reported that SLIT can reduce the symptom
scores of children with allergic asthma (19), while research
in China shows that specific immunotherapy with dust
mite drops can significantly improve the clinical symptoms
of asthma and significantly reduce FeNO levels (20). The

© Translational Pediatrics. All rights reserved.

results of one meta-analysis showed that SLIT brought
significant relief of symptoms and reduced medication
demand in children with AR (21). Another recent meta-
analysis found that SLIT applied to allergy to dust mites
could significantly improve allergic symptoms, reduce long-
term medication, and improve FEV, (22). Furthermore,
a study in Japan showed that sublingual immunotherapy
with house dust mites could significantly improve airflow
limitation in patients with allergic asthma complicated with
rhinitis (FEV, was significantly improved), significantly
reduce FeNO level, and reduce airway eosinophilic
inflammation (23). Another Chinese study retrospectively
analyzed the data of 124 children with asthma and rhinitis
treated with sublingual dust mite drops for 3 years, showing
that this treatment had a significant effect on children with
allergic asthma and rhinitis (24).

A domestic study retrospectively analyzed the data of
124 children with asthma and rhinitis. These children were
treated with sublingual dust mite drops for 3 years. The
results showed that the treatment was effective in children
with allergic asthma and rhinitis. This study is based on
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the expert consensus (16) on mite specific immunotherapy
for airway allergic diseases in children, using the symptom
drug score as the main therapeutic effect evaluation index.
The results showed that the symptom drug score in each
group decreased significantly after treatment (P<0.05),
which is consistent with the conclusions of domestic and
foreign reports. However, in the asthma-alone group of
our study, the improvement of nighttime symptoms after
SLIT treatment was not significant compared with that
before treatment, which was inconsistent with the above
conclusions, and larger-sample-size studies are perhaps
needed to produce more conclusive results.

In this study, the pulmonary function and exhaled nitric
oxide of the children showed significant improvement
in both asthma group and asthmatic group with rhinitis
compared with those before treatment. In addition, the
present study found that after SLIT treatment, the small
airway parameters of lung function (FEF,;_,;, FEF,/FEF,;)
in the two groups were significantly improved compared
with those before treatment. Thus far, few studies have been
conducted on the effect of SLIT on FeNO level and lung
function in children with asthma and rhinitis, especially
using the indexes of small airway ventilation. Huang
et al. (25) found no significant improvement in lung
function after SLIT treatment and a follow-up of 3 years in
26 children with asthma complicated with rhinitis.
However, Ma et al. (26) found significant improvement
in FEF 25-75% in 32 asthmatic children after SLIT
treatment, but no significant difference in FEV1. Another
study by Liez al. (27) showed that SLIT treatment could
significantly improve the symptoms of children with asthma
complicated with rhinitis, reduce FeNO level, reduce airway
inflammation, and improve the ventilation indexes of large
and small airway lung function, which was consistent with
our study. However, related research from outside China
does not seem to be available.

Due the reported advantages of SLIT, which include its
reliability and practicality, SLIT has been more commonly
used in treating allergic respiratory diseases in China in
recent years. However, there are still some unresolved
issues related to this therapy. The inflammatory reactions
of the upper and lower airways are similar and affect each
other, so allergic asthma and rhinitis are described as
“the same airway, the same disease” (28), with AR often
inducing the attack and deterioration of asthma (29). Our
study also found that the VAS score of patients with asthma
combined with rhinitis was higher than that of those with
asthma alone, which may be related to this phenomenon.

© Translational Pediatrics. All rights reserved.
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Thus far, few studies have compared the effectiveness of
SLIT therapy in children with allergic asthma combined
with rhinitis to those with allergic asthma alone. The only
relevant Chinese study by Li et 4l. (27) showed that SLIT
treatment also improved the small pulmonary function
airway index, FEF,; in children with asthma at 3, 6, 9,
and 12 months compared with treatment in children with
asthma combined with rhinitis in the same period; however,
other pulmonary function ventilation indexes showed no
significant differences. In this study, SLIT significantly
improved the clinical symptoms, drug scores, lung function,
and FeNO in children with asthma and rhinitis. This could
be a result of the children’s mild illness and tendency of the
disease to be in remission before immunotherapy, and thus
our results require confirmation by a larger-sample-size
study in the future.
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