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ABSTRACT 

 

Allergen-specific immunotherapy (AIT) has confirmed its efficacy in improving the symptoms 

of allergic rhinitis. However, no reliable biomarkers have been identified to predict the efficacy of 

AIT were found. We aimed to find clinical and immunological markers to predict efficacy in 

children after 2 years of sublingual immunotherapy (SLIT). 

A total of 285 children diagnosed with allergic rhinitis were recruited. The clinical efficacy was 

evaluated by comparing endpoint and baseline symptom and medication scores (SMS). Baseline 

clinical and immunological markers (serum total and specific immunoglobulin [Ig]E) and their 

correlation with clinical efficacy were analyzed.  

Of the 285 children recruited, 249 completed the 2-year SLIT program. After 2 years of SLIT, 

68.3% of the children showed a significant response. Children in the Remarkable Response Group 

had the highest baseline SMS and most extended disease duration, followed by the Effective Relief 

and Unresponsive Group. Correlation analysis demonstrated that SMS improvement was 

positively correlated with baseline SMS (r=0.67) and disease duration (r=0.35). SMS improvement 

was not correlated with age, body mass index, total or specific IgE levels, or their ratios. 

Our results show that baseline SMS and disease duration can predict the efficacy of SLIT. Our 

study can guide the selection of suitable candidates for SLIT.  
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INTRODUCTION 

 

Allergic rhinitis (AR), a chronic inflammatory upper 

airway disease, has a prevalence of up to 20% in children 

worldwide.1 Allergen-specific immunotherapy (AIT) 

has been applied for the treatment of AR for almost a 

century because AIT can modify the disease progression 

and reduce the occurrence of new sensitization.2    

Accumulating evidence has confirmed that both 

subcutaneous immunotherapy (SCIT) and sublingual 
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immunotherapy (SLIT) alleviate symptoms and 

decrease drug usage significantly.3–5 As for safety, SLIT 

causes far less severe adverse reactions than 

conventional SCIT.6 Most adverse reactions of SLIT 

were reported locally, while moderate or severe adverse 

reactions were found only in very few cases.6 

The identification of biomarkers that can predict 

response to AIT treatment in AR patients is important 

for patient selection. Researchers have always been 

trying to find reliable biomarkers for predicting the 

efficacy or safety of AIT. However, no consensus has 

been reached so far. Several studies have reported that 

serum total or specific immunoglobulin E (tIgE or sIgE) 

or the sIgE/tIgE ratio can predict the clinical response to 

AIT in children and can be used for patient selection 

before treatment.7,8 On the contrary, a randomized 

controlled study found no correlation between the IgE 

ratio and clinical response to AIT.9 

In the present study, we aimed to find potential 

clinical and immunological markers for predicting the 

clinical efficacy of SLIT in children. 

 

MATERIALS AND METHODS 

 

Patients and Treatment  

We recruited 285 children with AR (4 to 14 years 

old) from February 2019 to February 2020 who were 

referred to our center. The inclusion criteria were listed 

as follows: 1) at least one year of typical nasal 

symptoms, 2) positive allergen test only to house dust 

mite confirmed by skin prick test or sIgE, and 3) poor 

response to usual anti-anaphylactic treatment. Children 

were excluded if they had other allergic diseases or 

severe systematic diseases. The study was approved by 

the local Ethics Committee (No. 261A01), and informed 

consent was obtained from the patients’ parents.  

  Dermatophagoides farinae (Der f) drops 

(Wolwopharma, China) were applied to the patients with 

increasing doses from 1 μg/mL (0.05 μg) to 100 μg/mL 

(50 μg) every day in the first 3 weeks and 333 μg/mL 

(50 μg) once daily in the maintenance period, according 

to the manufacturer’s instructions. The children were 

instructed to maintain the drops under the tongue for 1 

to 3 minutes. The adverse reactions were recorded 

during the treatment. 

 

Evaluation of SLIT Efficacy and Safety 

Clinical efficacy was determined by calculating the 

improvement of nasal symptoms and medication scores 

after the 2-years SLIT. Daily nasal symptoms (i.e., 

runny, itchy, or stuffy nose and sneezing) were scored 

between 0 for no symptoms and 3 for severe symptoms. 

Daily drug use was scored as 1 point for oral or nasal 

antihistamines and 2 points for intranasal 

corticosteroids. Symptom medication score (SMS) was 

obtained by adding up the above two average scores.10 

According to the improvement degree of SLIT, children 

were grouped as a remarkable response group (>51%), 

an effective Relief group (21-50%), and an 

Unresponsive group (<20%).11 The criteria for 

categorizing adverse reactions were according to the 

grading system for SLIT-associated adverse events 

(AEs) as described in the Chinese guideline on 

sublingual immunotherapy for allergic rhinitis and 

asthma.11 In brief, when no symptomatic treatments 

were required, AEs were classified as mild; when 

symptomatic treatment was needed without 

discontinuation of SLIT, they were defined as moderate; 

and when SLIT was discontinued, the AEs were defined 

as severe. 

 

Immunological Markers  

The serum tIgE and sIgE were measured by the 

Unicap system (Phadia, Sweden) at baseline level and 2 

years after the initiation of SLIT.    

 

Statistical Analysis 

Statistical analyses were done using SPSS 17.0. The 

nonparametric Mann-Whitney U test and Bonferroni 

post hoc analysis were conducted to adjust for multiple 

comparisons. Correlations were assessed by the 

Spearman rank correlation analysis. A p level < 0.05 was 

defined as statistically significant. 

 

RESULTS 

 

Baseline Characteristics of Subjects 

We recruited 285 children, and 249 completed the 2 

years of treatment (Table 1). After 2 years of treatment, 

36 children discontinued participation in our study due 

to the lack of efficacy in 4 cases, adverse events in 1 

case, failure to adhere to treatment in 18 cases, and loss 

to follow-up in 13 cases. There was no significant 

difference in characteristics at baseline between the 2 

groups. Among the children who finished the treatment 

period, 5 moderate AEs and 7 severe AEs were reported 

(Table 2). 
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Clinical Efficacy and Related Factors  

After the therapy, 68.3% of the patients experienced 

a significant improvement. SLIT was effective in 21.3% 

of the patients and not effective in 10.4% (Table 3). 

Furthermore, the SMS score in the remarkable effect 

group and effective group decreased significantly 

compared to the baseline scores (Table 3) (Figure 1). 

We found that baseline SMS scores and disease 

duration were significantly different among groups. The 

remarkable effect group had the highest baseline SMS 

score and longest disease duration, followed by the 

effective group and ineffective group (Table 4). 

Children in the remarkable effect group were older than 

those in the effective group (Table 4). 

Correlation analysis demonstrated that SMS 

improvement was not correlated with age, body mass 

index, tIgE levels, sIgE levels, or sIgE/tIgE ratios. SMS 

improvement was positively correlated with baseline 

SMS and disease duration (Table 5).  

Our ROC analysis of the baseline SMS showed that 

a score of greater than 5.5 had the best sensitivity 

(72.1%) and specificity (64.5%) to predict SMS 

improvement. Disease duration longer than 3.5 years 

had the best sensitivity (66.9%) and specificity (91.2%) 

to predict SMS improvement (Figure 2). 

 

 

Table 1. Baseline characteristics of study subjects  

Groups  Subjects who completed the study Subjects who dropped out of the study 

Cases 249 36 

Age (years) 8.1±4.5 9.3±3.58 

Male/female 

Body mass index 

145/104 

18.9±4.1 

20/16 

18.2±4.6 

Duration of symptoms (years) 

tIgE (IU/mL) 

2.3±1.3 

513.1±428.9 

1.8±1.6 

375.2±216.5 

Serum sIgE level to Derf 

(IU/mL)  

31.7±46.5 45.2±32.2 

Serum sIgE level to Derp 

(IU/mL) 

29.6±35.5 23.4±29.1 

Data presented as mean ± standard deviation (SD). 

 

 

Table 2. Adverse reactions during the treatment period 

Adverse reactions Numbers 

Mild 0 

Moderate  

Severe  

5 

7 

Total 12 
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Table 3. Clinical efficacy of SLIT after 2 years of treatment 

 Remarkable effect 

group 

p  Effective 

group 

p Ineffective 

group 

p 

Baseline       

Cases 170 (68.3%)  53 (21.3%)  26 (10.4%)  

Symptom score 6.5±2.1  5.1±1.9* 0.01 2.6±1.5*# 0.001 

Medication 

score 

 

2.3±0.4 

  

2.3±0.7 

 

 

 

3.3±1.2*# 

 

0.002*/0.01# 

Symptom and 

medication 

scores 

9.9±2.7  7.9±2.8* 0.02 6.4±2.1*# 0.01*/0.012# 

After Therapy       

Cases 170 (68.3%)  53 (21.3%)  26 (10.4%)  

Symptom score 1.2±0.9$ 0.01 2.2±1.7*$ 0.01/0.02 3.5±1.1*# 0.02*/0.01# 

Medication 

score 

SMS scores 

 

0.7±0.5$ 

2.2±0.7$ 

 

0.002 

0.03 

 

0.9±0.4$ 

3.1±1.8*$ 

 

0.002 

0.02/0.01 

 

1.8±0.6*# 

5.4±1.3*# 

 

0.003*/0.01# 

0.02*/0.04# 

Data presented as mean and standard deviation. 

* Compared with the remarkable effect group, p<0.05. # Compared with the effective group, p<0.05.  
$ Compared with baseline level, p<0.05. 

 

Table 4. Comparison of baseline characteristics among groups 

 Remarkable effect group Effective group Ineffective group 

Cases  170 (68.3%) 53 (21.3%) 26 (10.4%) 

Age  7.8±3.7 8.6±2.9* 8.8±3.1 

Sex (male/female) 98/72 28/25 19/7 

Body mass index 19.4±3.3 18.7±4.1 18.5±4.6 

Disease duration 2.5±1.4 1.7±0.8* 1.1±0.6*# 

Total IgE 

sIgE to Derp 

sIgE to Derf 

534.0±415.7 

32.4±21.3 

39.6±24.5 

436.5±317.2 

29.6±21.3 

31.8±26.7 

365.1±299.3 

26.8±22.1 

31.6±21.8 

Derp + Derf 61.4±56.0 63.8±27.5 59.8±32.8 

sIgE/tIgE 0.4±0.2 0.3±0.2 0.3±0.3 

Baseline SMS score   9.9±2.7 7.9±2.8* 6.4±2.1*# 

Adverse reactions  7(4.1%) 3(5.6%) 2(7.6%) 

Data presented as mean and standard deviation. 

* Compared with remarkable effect group, p<0.05. # Compared with effective group, p<0.05.  
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Table 5. Relationship between related factors and symptom-medication score (SMS) improvement 

 SMS improvement 

r p 

Age  - 0.37 

Body mass index - 0.06 

Disease duration 0.35 0.01 

Baseline SMS  0.67 0.001 

Total IgE 

sIgE to Derp 

sIgE to Derf 

- 

- 

- 

0.34 

0.45 

0.39 

Derp + Derf - 0.55 

sIgE/tIgE - 0.23 

SMS: symptom and medication scores. 

 

 

 
Figure 1. The change of symptom score, medication score, and symptom-medication score (SMS) after two years of SLIT. 

*Compared with remarkable effect group, p<0.05. #Compared with effective group, p<0.05. $Compared with baseline level, 

p<0.05. 

 

 

Figure 2. ROC analysis of the baseline SMS showed that a score of greater than 5.5 had the best sensitivity (72.1%) and 

specificity (64.5%) to predict SMS improvement (A). Disease duration longer than 3.5 years had the best sensitivity (66.9%) 

and specificity (91.2%) to predict SMS improvement (B). 
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DISCUSSION 

 

AIT is the only treatment that can modify the natural 

process of IgE-mediated diseases. Many studies have 

been performed to determine the efficacy of AIT, but the 

predictors for the clinical response to AIT are limited 

and controversial. 

The tIgE and sIgE are the two most widely studied 

indicators with inconsistent results. Di Lorenzo and 

Gulbin’s study suggested that the clinical response was 

correlated with the serum sIgE/tIgE ratio.7 Li et al. 

suggested that the serum tIgE can predict the clinical 

efficacy of SIT in allergic asthma and rhinitis.12 

Ciprandi and Lee et al. demonstrated that high sIgE 

levels can predict the clinical response of AIT.13,14 

However, Fujimura’s report found that subjects with a 

low serum sIgE/tIgE ratio received better responses 

compared with subjects with a higher ratio.15 Our 

previous study showed that sIgE and the sIgE/tIgE ratio 

can be used to predict the short-term response of SLIT 

in children.16 In the present study, our data showed that 

sIgE, tIgE, and sIgE/tIgE were not correlated with 

clinical response after 2 years of SLIT. Since all children 

in our study were allergic to Dermatophagoides 

pteronyssinus (Der p) and/or Der f, we also analyzed 

whether the sum of sIgE against Der p and sIgE against 

Der f and the ratio of sum with tIgE can predict the 

efficacy of SLIT. Our results found that these 

parameters were not correlated to the response of SLIT. 

We also noticed that the change in IgE levels had no 

fixed trend during the treatment period. Previous studies 

have found that AIT often caused an initial increase in 

serum sIgE and a gradual decrease as treatment 

continued. However, the decrease in IgE levels was not 

significantly correlated with clinical response.17 

Previous studies have also investigated the clinical 

biomarkers for predicting the efficacy of AIT. However, 

none of them has found a correlation between 

effectiveness and age, baseline symptoms, and disease 

duration. Our present data showed that baseline SMS 

and disease duration were correlated with the efficacy of 

AIT. Children with higher baseline symptoms and 

longer disease duration will benefit more improvement 

from a 2-year treatment. Two reasons may explain these 

results. First, the improvement of SMS may be more 

easily felt by children with higher baseline symptoms. 

Second, children with higher baseline symptoms and 

longer disease duration may be more focused on during 

treatment, and compliance may be better. Interestingly, 

we also found that children in the remarkable effect 

group were older than those in the effective group, 

which the better compliance of older children may 

explain.  

Overall, the above information informs us that when 

including children with lower SMS, short disease 

duration, or young age, it is essential to ensure adequate 

communication with parents before starting SLIT. 

Additionally, parents should be fully informed about the 

possibility of a poor response to SLIT. 

Our study had some limitations. Firstly, biases such 

as treatment duration, study population (pediatrics vs. 

adults), or sample selection can affect our results. 

Secondly, multicenter studies with large sample sizes 

were needed to confirm our data further. Thirdly, our 

data apply only to children.   

In summary, our results proved that children with 

higher baseline SMS, longer disease duration, and older 

age may benefit more from SLIT. Our study guides the 

selection of suitable candidates for SLIT. 
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