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INTRODUCTION

Allergic rhinitis (AR) is the most common disease mediated 
by IgE. The prevalence of AR has increased gradually, especially 
in industrialized countries where pollution is more severe. 
Treatments for AR include avoidance, pharmacologic therapy 
and allergen immunotherapy. Immunotherapy has been veri-
fied in many reports since Noon and Freeman first applied it to 
treat pollinosis in 1911 and the therapeutic goal of immuno-
therapy is to induce immunological tolerance to allergens.1

It is important to identify the causative allergen before apply-
ing immunotherapy. When immunotherapy includes allergens 
causing a positive reaction on allergy skin test, its effect de-
creases, because the concentration of the actual causative aller-
gen decreases. Among the allergens showing high serum spe-
cific IgE levels, the most likely causative allergen can be select-
ed based on the patient’s clinical and allergen exposure history. 
A previous study evaluating the causative allergens in AR pa-
tients reported that house dust mite (HDM) is the most preva-
lent allergen in Korea, representing 65.4% of patients sensitized 
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to perennial allergens, 15.2% sensitized to seasonal allergens, 
and 19.3% polysensitized to both perennial and seasonal aller-
gens.2 Furthermore, Jeong et al. confirmed the importance of 
HDM an inhalant allergen in Korea, and the level of exposure 
to HDM was clinically significant.3 Allergens such as HDMs 
(98.9%), pollens (72.8%), and animal dander (23.9%) have been 
used for immunotherapy by allergy specialists in Korea.4

The causative allergens of AR are variable and different ac-
cording to area and degree of urbanization. It remains difficult 
to identify the causative allergen in patients who are polysensi-
tized to both perennial and seasonal allergens. In this study, we 
evaluated the effects of allergen immunotherapy with HDMs in 
AR patients who are polysensitized to both HDMs and seasonal 
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allergens compared to those sensitized to HDMs only.

MATERIALS AND METHODS

Subjects and study design
Sixty patients receiving subcutaneous immunotherapy (SCIT) 

for AR at the AR clinic of Kyung Hee University Hospital from 
January 2009 to December 2011 were enrolled in the study. 
Among the AR patients receiving immunotherapy for perennial 
allergens for more than 2 years, 30 who were sensitized to both 
HDMs and seasonal allergens were included in group A and 30 
who were sensitized to HDMs only were included in group B. 
All patients had positive skin prick tests and a positive serum 
test for HDMs and seasonal allergens. The 2 groups were treat-
ed with immunotherapy against HDMs only, which was ad-
ministered by soluble vaccine (Hollister-Stier Laboratories, 
Spokane, WA, USA) injection according to the schedule. Doses 
were increased every week for more than 6 months until an ef-
ficacious dose was reached. The injection interval was then de-
creased to semimonthly and then monthly injections. After the 
induction phase, the maintenance dose was administered once 
a month, once every 2 months, and then once every 3 months. 
Upon each visit, the patient’s clinical condition and suitability 
for injection was assessed by the clinical investigator. The pa-
tients were observed for 30 minutes after each injection. Modi-
fication of the dose was made if systemic or local side effects 
occurred, with either no increment or a reduction in the dose 
depending on the severity of the side effects. The patients with 
accompanying chronic rhinosinusitis, nasal polyposis, or asth-
ma were excluded from the study. The study protocol was ap-
proved by the Institutional Review Board of the Medical Re-
search Institute, Kyung Hee University Medical Center. Written 
informed consent was obtained from all subjects.

Allergic test
Skin prick tests with 8 common allergens (Dermatophagoides 

farinae, Dermatophagoides pteronyssinus, cockroach, tree mix, 
grass mix, weed mix, Aspergillus, and Alternaria) were per-
formed on the forearm of patients using aqueous extracts (Al-
lergopharma, Reinbeck, Germany); histamine was used as a 
positive control and saline as a negative control. A positive re-
sponse to an allergen was defined as a wheal diameter of more 
than 3 +(greater than the diameter produced by histamine). Us-
ing a multiple allergen simultaneous test-chemiluminescent 
assay (MAST-CLA, Hitachi Chemical Diagnostics Inc., CA, 
USA), the levels of specific IgE against 35 kinds of allergens 
were determined based on a semi-quantitative scoring system; 
class 2 (66-142 unit) and higher were considered positive. Be-
fore and after immunotherapy, MAST-CLA (Hitachi Chemical 
Diagnostics Inc. was performed to examine changes in allergen 
sensitization and the presence of new allergen sensitization be-
tween the two groups.

Objective clinical indicators 
Blood taken before and after treatment was anticoagulated 

using EDTA, and peripheral blood cells were analyzed using a 
Coulter automated hematology analyzer (Hialeah FL, Miami, 
FL, USA) to measure total eosinophils. Serum was separated 
from peripheral blood collected before and after treatment by 
centrifugation at 1,200 rpm and then stored at -20°C until mea-
surement of total IgE. Total IgE level was measured by Immu-
noCAP system (Thermo Scientific, Uppsala, Sweden) and the 
results for total serum IgE levels and eosinophil count measure-
ments were expressed in international unit(s) per milliliter (IU/
mL) and cells per mm3 (cells/mm3), respectively.

Assessment of symptoms and medication scores
Nasal symptom scores and quality of life were measured us-

ing questionnaires as described before.5 A visual analogue scale 
ranging from 0 to 4 was used for nasal symptoms (sneezing, 
runny nose, congestion, itchy nose), and a rhinoconjunctivitis 
quality of life questionnaire (RQLQ) modified by our clinic was 
used to assess quality of life.5 Symptoms before immunothera-
py were recorded in the questionnaire and then again after re-
ceiving immunotherapy for more than 2 years. The RQLQ was 
designed to measure the health status of patients with allergic 
rhinoconjunctivitis according to the following seven domains: 
activities, sleep, non-nose/eye symptoms, practical problems, 
nasal symptoms, eye symptoms, and emotional well-being. 
Each question was scored using an impairment rating scale of 
0-6, with higher scores indicative of more severe impairment of 
quality of life. Amelioration of seasonal allergy symptoms was 
also evaluated.

The following drugs were allowed during the study: antihista-
mine (5 mg levocetirizine tablets), intranasal corticosteroid 
(mometasone) and a 4 mg tablet of methylprednisolone. The 
patients recorded the use of medications, and a specific weekly 
score was assigned (1 point: used only nasal corticosteroids at a 
minimum of 1 per day every week; 2 points: the previous thera-
py plus one tablet of levocetirizine at a minimum of 1 per day; 3 
points: the previous therapies plus one 4 mg tablet of methyl-
prednisolone at a minimum of 1 per day).

Statistics
Statistical analyses were performed using SPSS version 12.0. 

Baseline data were analyzed using the chi-square test or Fish-
er’s exact test. Symptom scores and serum measurements be-
fore and after immunotherapy were compared between groups 
using the paired t-test. A P value less than 0.05 was considered 
statistically significant.

RESULTS

Clinical characteristics and sensitization to allergens
The median age of patients in group A was 26 (range 15-42) 
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years, and the average period of immunotherapy treatment was 
31±9.2 months. The median age of patients in group B was 23 
(range 17-39) years, and the average treatment period was 29±

9.1 months. There were no significant differences in the base-
line data, number of years with rhinitis symptoms, and periods 
of immunotherapy between the 2 groups (Table 1). The distri-
bution of sensitized patients to specific allergens in each group 
is shown in Table 2. In group A, 4 patients were sensitized to 2 
allergens, 5 to three allergens, 14 to 4 allergens, and 8 to 5 aller-
gens. In the questionnaire on amelioration of seasonal nasal 
symptoms, group A showed a greater tendency for deteriora-

tion of symptoms than did group B, but there was no statistical 
significance. In addition, group B consisted of more patients 
whose symptoms continued regardless of the season (Fig. 1). 
MAST values (luminescence units) tended to increase after im-
munotherapy; however, statistical analyses could not be per-
formed due to the small sample size of the target group (Table 
2). After immunotherapy, 30% of patients in group A and 23% 
in group B showed new sensitization. In groups A and B, 4 and 
3 patients were sensitized to new perennial allergens, respec-
tively, and 5 and 4 were sensitized to new seasonal allergens, 
respectively; however, there was no significant difference be-
tween the 2 groups (Table 3).

Total eosinophils and total IgE level
Before immunotherapy, the average number of total eosino-

phils was 387.5/mm3 in group A and 353.6/mm3 in group B. Af-
ter immunotherapy, the average was 339/mm3 and 323.5/mm3, 
respectively, revealing no difference between the 2 groups. Be-
fore immunotherapy, the mean total IgE level was 476.3 IU/mL 
in group A and 458.7 IU/mL in group B. After immunotherapy, 
the mean levele was 418.2 IU/mL and 412.9 IU/mL, respective-
ly, with no difference between the 2 groups.

Symptom and medication scores
Total nasal symptom scores were 11.8 in group A and 11.3 in 

group B, with no difference between the 2 groups. After immu-
notherapy, total scores were 3.8 and 3.2, respectively, with a sig-

Table 1. Clinical characteristics of groups A and B

Group A 
(n=30)

Group B 
(n=30) P value

Age (years) 0.51
  Median 26 23
  Range (15-42) (17-39)
Gender 0.38
  Male 16 (53.3%) 13 (43.3%)
  Female 14 (46.7%) 17 (56.7%)
Patients with asthma 3 (10%) 2 (6.6%) 0.47
Duration of rhinitis (years) 9.6±6.6 8.2±8.3 0.42
Periods of immunotherapy  
  (months)

31±9.2 29±9.1 0.33

Table 2. Comparison of pre- and post-treatment allergen specific IgE levels ( lu-
minescence unit) measured by MAST between groups A and B

Allergen Number of  
patients (%)

Pre-treatment 
(Mean±SD)

Post-treatment 
(Mean±SD)

Group A
Perennial Dermatophagoides  

   pteronyssinus  
   (DP)

3 (10) 216.4±96.2 232.8±95.8

Dermatophadoides  
   farina (DF)

3 (10) 225.7±92.3 247.3±78.9

DP+DF 24 (80) 216.4±96.2 232.8±95.8
Seasonal Bermuda grass 3 (10) 87±59.3 13±17.9

BirchAlder Mix 6 (20) 232±163.2 173±132.6
Dandelion 4 (13) 65±59.4 161±94.3
Goldenrod 5 (16) 65±54.8 91±52.8
Mugwort 4 (13) 163±94.9 129±74.8
Oak, White 6 (20) 278±138.5 224±84.7
Ragweed, Short 2 (7) 259±74.7 259±64.6

Group B
Perennial Dermatophagoides  

   pteronyssinus
2 (6) 222.4±75.2 252.8±65.8

Dermatophadoides  
   farinae

4 (14) 214.7±62.3 237.3±58.9

DP+DF 24 (80) 225.7±92.3 247.3±78.9

DP, Dermatophagoides pteronyssinus; DF, Dermatophagoides farinae.

Table 3. Comparison of the development of new sensitization between Groups 
A and B

New sensitivities

No. of 
patients None Perennial  

allergen
Seasonal  
allergen

Group A 30 21 4 5
Group B 30 23 3 4

Fig. 1. Number of patients with severe allergic rhinitis symptoms during the 
season (*P<0.05). 
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nificant decrease in both groups after immunotherapy but no 
difference between the 2 groups (Fig. 2). The average life quality 
score was 62.4 in group A and 59.7 in group B, showing no sig-
nificant difference between the 2 groups. After immunothera-
py, life quality scores were 22.8 and 20.3, respectively, which 
were significantly decreased in both groups relative to before 
immunotherapy, but there was no difference between the 2 
groups (Fig. 3). Mean medication scores also showed a signifi-
cant decrease in both groups after immunotherapy but no dif-
ference between the 2 groups (Fig. 4).

DISCUSSION

The appropriate use of immunotherapy for polysensitized AR 
patients remains unclear.6,7 With respect to SCIT, one double-
blind trial using a multi-allergen mix in children with perennial 
asthma and multiple allergies showed no difference compared 
with the placebo group.8 Frew et al. examined participants with 
seasonal hay fever whose symptoms were largely confined to 
during the grass pollen season.9 In this previous study, grass 

pollen immunotherapy using an alum-based single species 
grass vaccine was equally effective in subjects with multiple 
positive skin tests compared with those monosensitized to 
grass pollen. In addition, Ciprandi et al. showed that immuno-
therapy using a single allergen extract significantly improves 
the severity grade of AR and quality of life in polysensitized pa-
tients.10 Taken together, this evidence demonstrates that single 
allergen immunotherapy may be effective against the relevant 
allergen in polysensitized patients. Of course, a single allergen 
is likely to play a critical role in the development of nasal symp-
toms. This study observed a curative effect of immunotherapy 
against HDMs in AR patients living in Seoul, Korea, who were 
polysensitized to HDM as well as perennial and seasonal aller-
gens. As a result, there were no differences in serological tests 
between groups before and after treatment. However, AR symp-
toms and quality of life showed improvements similar to those 
of patients treated with immunotherapy after monosensitiza-
tion to HDM. Therefore, this study demonstrates that HDM al-
lergens, rather than seasonal allergens, play a critical role in the 
development of allergic symptoms in Seoul, Korea.

Treatment for AR includes avoidance, medical therapy, and 
immunotherapy. Among these, immunotherapy is commonly 
used and is the only treatment for AR that is potentially cura-
tive.11 Immunotherapy for AR shows better results for seasonal 
than for perennial allergens due to smaller amounts of allergen, 
lower age, and less severe symptoms before treatment.12 Specif-
ically, a considerable number of AR patients have asthma; 
therefore, immunotherapy is required in patients diagnosed 
with airway hyperreactivity.13

It is necessary to confirm the results of skin reaction, serum 
tests or nasal challenge tests before targeting a specific allergen 
for immunotherapy.14 However, immunotherapy cannot be 
performed for every allergen that shows a positive reaction. For 
immunotherapy to be most effective, it is important to deter-
mine the specific allergen that will be used for treatment. 
Among allergens positive to specific IgE antibody, the first one 

Fig. 2. Comparison of total nasal symptom scores pre- and post-treatment be-
tween Groups A and B (*P<0.05). 
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Fig. 3. Comparison of RQLQ scores pre- and post-treatment between Groups A 
and B (*P<0.05). 

RQ
LQ

 sc
or

e

80

60

40

20

0
	 Pretreatment	 Posttreatment

Group A Group B
*

*

Fig. 4. Comparison of mean medication scores pre- and post-treatment be-
tween groups A and B (*P<0.05).  
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selected for immunotherapy should be common in the sur-
rounding environment, and contact with the allergen is based 
on the patient’s history. When immunotherapy is performed 
for every allergen that is positive to specific IgE antibody, the 
concentration of actual causative allergen used is reduced, di-
minishing the effectiveness of the treatment. Because immu-
notherapy is less effective with a large number of allergens, it is 
better to minimize the number used for treatment. For poly-
sensitized patients affected by many allergens, the number of 
allergens can be reduced by considering cross-allergenicity. 
When performing immunotherapy against more than 2 aller-
gens using allergen compounds, cross-reaction between aller-
gens, the amount of each allergen within the compound, and 
the potential for allergen cleavage by proteases should be con-
sidered.15 Yu et al. confirmed that the Dermatophagoides ptero-
nyssinus, the most important perennial allergen, has the high-
est positivity rate of 78.4%.2 Dermatophagoides farinae, pollens, 
animal furs, and cockroaches show the next highest positivity 
rates, respectively. Serman reported that many patients with 
perennial AR are also sensitized to pollens, and 77.7% are poly-
sensitized to more than 2 allergens.16 Boulet performed skin 
tests for asthma and AR and reported 66.4% polysensitization 
to both perennial and seasonal allergens.17 The present study 
divided patients into 2 groups: those who were sensitized to 
HDMs only and those who were sensitized to HDMs as well as 
seasonal and perennial allergens. Some patients in groups A 
and group B were sensitized to new perennial allergens, such 
as cockroaches and Aspergillus, as well as new seasonal aller-
gens, such as mugwort, oak and ragweed, but there was no sig-
nificant difference between the 2 groups.

Evaluation of immunotherapy is based on the symptoms, ad-
ministration score, induction reaction test, and immunological 
changes in cell markers and cytokines. Regular re-evaluation of 
skin prick tests or MAST to assess the success of immunothera-
py is not effective, because these tests do not reflect improve-
ment of symptoms after immunotherapy.17 IgE is the most im-
portant immunoglobulin in immunopathology, and specific 
IgE and IgG play important roles in immune responses to aller-
gens. Immunotherapy has beneficial clinical effects by modu-
lating immunoglobulin levels.18 Once immunotherapy is ap-
plied, IgE increases in the early phase and then slowly decreas-
es in the maintenance phase; however, the period between the 
decrease in IgE antibody and improvement of symptoms was 
shown to be irrelevant.19 When pollens are used for immuno-
therapy, there is little change in blood IgE levels, and increases 
in IgE are slow during the season that pollens pervade.19 A pre-
vious report showed no correlation between the success of im-
munotherapy or improved clinical symptoms and a decrease in 
specific IgE.20 This study showed no significant difference be-
tween MAST, total eosinophils and total IgE before or after ther-
apy between the 2 groups. Assessment of a patient’s reaction to 
treatment is generally performed by objectively evaluating the 

improvement in quality of life of the AR patient. This study in-
cluded an ophthalmic symptoms section of Juniper’s question-
naire to evaluate quality of life.21 The modified questionnaire, 
which was tailored to the surrounding environment of Seoul, 
Korea, was comprised of 6 sections, including sleeping disor-
der, nasal symptoms, everyday life, activity restriction, entire 
body symptoms, and emotional status, to evaluate the condi-
tion of patients with AR.5 In the present study, immunotherapy 
using perennial allergens showed improvements in symptoms 
and quality of life in both the monosensitized and polysensi-
tized groups, with no significant difference. 

This study showed that improvement in polysensitized pa-
tients was similar to that in the monosensitized group. Howev-
er, if there was no response to immunotherapy (especially in 
polysensitized AR patients), additional immunotherapy should 
be considered. Therefore, immunotherapy is an effective treat-
ment for AR, and the main causative allergen in polysensitized 
patients is the HDM.

CONCLUSIONS

In this study, we determined that the primary causative aller-
gen of AR in Seoul, Korea is perennial allergens, such as HDM, 
rather than seasonal allergens. Therefore, this study provides a 
reference for the selection of allergens to use in immunothera-
py for polysensitized AR patients living in an urban environ-
ment.
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