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Introduction

Allergic rhinitis (AR) affects up to 40% of the population and
results in nasal itching, congestion, sneezing, and clear
rhinorrhea. Allergic rhinitis causes extranasal untoward
effects, including reduced quality of life, declined sleep
quality, and obstructive sleep apnea.1

Numerous controlled clinical trials have revealed the
efficacy of specific allergen immunotherapy (SIT) in decreas-
ing the clinical symptoms and costs associated with AR.
Compared with pharmacotherapy, SIT may afford persistent
clinical benefits after therapy cessation. Subcutaneous and

sublingual immunotherapy are the two most extensively
prescribed SIT routes worldwide.2

Interleukin (IL)-33, which is amember of the IL-1 familyof
cytokines, is now recognized as an important contributor toT
helper 2 (Th2)-type immune responses. It was found that IL-
33 was elevated in the nasal secretions of AR patients.
Furthermore, IL-33 in nasal secretions correlated signifi-
cantly with the total nasal symptom score.3 Another study
reported raised level of IL-33 in the sera of patients with AR
whowere allergic to tree and/or grass pollen. The association
of IL-33 with the disease severity proposes that IL-33 is
involved in the pathogenesis of intermittent AR.4 The current
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Abstract Introduction Allergic rhinitis (AR) affects up to 40% of the population and results in
nasal itching, congestion, sneezing, and clear rhinorrhea.
Objectives This study aimed to evaluate the changes in the clinical symptoms and in
the level of serum interleukin (IL)-33 before and after pollen immunotherapy (IT) in
patients with AR.
Methods The total symptom score and the levels of total immunoglobulin E (IgE) and
IL-33 were determined in the serum of 10 non-allergic healthy controls and 45 patients
with AR who were equally divided into 3 groups: GI (patients did not receive IT), GII
(patients had received IT for 6 months) and GIII (patients had received IT for 2 years).
Results There was a significantly higher concentration of IgE and IL-33 in the serum of
patients with AR than in that of non-allergic patients. Furthermore, serum level of IL-33
decreased significantly after pollen IT. But, there was no significant reduction in the
serum level of IL-33 between GII and GIII patients.
Conclusion Our results show a clinical improvement associated with a decrease in
serum level of IL-33 after pollen IT.
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work was undertaken to analyze the role of immunotherapy
in the treatment of AR and to follow the IL-33 levels in the
serum of AR patients during the course of subcutaneous
immunotherapy.

Methods

Subjects
This study was performed in the departments of otorhinolar-
yngology and microbiology and immunology of the Faculty of
Medicine, Zagazig, Egypt, between May and August of 2015.
Ten non-allergic healthy volunteers (ages 18–42 years, 4
females and 6 males), and 45 patients (ages 18–36 years, 25
females and 20males) with AR date palm pollen were equally
divided into three groups. Group I (GI) - patients did not
receive immunotherapy, Group II (GII) - patients had initiated
IT 6 months before starting the study, and Group III (GIII) -
patients had initiated IT 2 years before starting the study. The
ethical committee of the hospital approved the study and
written informed consent was obtained from each individual.
Adetailedclinicalhistoryandacompletephysicalexamination
were performed for each patient. Each subject in the non-
allergic groupwas selected according to the following criteria:
nohistoryof allergic diseaseor nasal diseases, nopregnancyor
lactation, and negative skin prick test. Each subject in the
allergic groupwas selected randomly fromARpatients attend-
ing theallergyoutpatient clinicbasedonthefollowingcriteria:
history of persistent rhinitis for at least 2 years, positive skin
prick test to Phoenix dactylifera pollenonly (5-mmwheal) and
no evidence of treatmentwith IT during the previous 10 years.
Exclusion criteria included (1) acute or chronic infectious or
inflammatory diseases (asthma, atopic dermatitis), (2) anato-
mical abnormalities of upper respiratory tract, (3) those
undergoing chronic treatment with systemic steroids or
with systemic immunological disorders.

Nasal Symptom Scores
The atopic patients recorded the nasal symptoms scores
1 week before IT and again at 6 months and then at 2 years
after treatment. The severity of each individual nasal symp-
tom score (INSS), including nasal rhinorrhea, sneezing, itch-
ing, and congestion, was assessed on a scale of 0 to 3 (0 ¼ no
symptom, 1 ¼ mild symptom, 2 ¼ moderate symptoms, and
or 3 ¼ severe symptoms). The total nasal symptom score
(TNSS) was the sum of the scores for the individual symp-
toms. Total nasal symptom score values (0–12) were cate-
gorized as mild (0–4), moderate (5–8), or severe (9–12).5

Skin Prick Test (SPT)
Skin prick test was performed by the same experienced
personnel at the volar site of each forearm. they have applied
one drop of each allergen extract (Allergy Laboratories Inc.,
Oklahoma City, USA) from a panel containing: house dust
mite (Dermatophagoides pteronyssinus), aspergillus species
mix, cottonwood mix, ash mix, tobacco leaf, rye-grass, and
phoenix dactylifera pollen to the skin; at least 3 cm apart,
according to a previously validated protocol.6Histaminewas
used as a positive control and diluents of each allergen

(Allergy Laboratories Inc., Oklahoma City, USA) as a negative
control The sensitivity of the skin test was determined by the
size of the wheel. The largest diameter of the wheal was
assessed as the size of the wheal after 20 minutes. A wheal
diameter 3 mm or greater, accompanied by erythema, was
considered as a positive reaction.

Mode of Subcutaneous IT
The treatment followed themanufacturers’ instructions. The
patients were received subcutaneous injections of standar-
dized Phoenix dactylifera pollen extracts. Injections were
received twice weekly up to a maintenance dose, and there-
after injections were received twice monthly. The maximum
tolerated dose of 0.1% to 5% Phoenix dactylifera pollen
extract preparation was achieved in 9 months. After each
injection, the patients were instructed to remain under our
supervision for a minimum of 30 minutes and to state any
symptoms they may have experienced. Only oral antihista-
mines and mid-potency topical steroids were administrated
concomitantly with the IT during the pollen season. How-
ever, these drugs withdrawn at least 4 weeks before collec-
tion of blood samples.

Measurement of Total IgE and IL-33
Blood samples were obtained from the patients who did not
receive IT, the patientswho received IT for 6months and for 2
years and from the healthy controls were left at room
temperature for 30 minutes until they coagulated. They
were then centrifuged at 2,000 rpm for 10 minutes until
serums were obtained. The serum samples were stored at
�70 C until the study. The total IgE and IL-33 were deter-
mined in the serum samples. The total IgE levels were
measured by enzyme linked immunosorbent assay (ELISA)
according to the Ridascreen A0141 kit manufacturer’s in-
structions (R-Biopharm AG, Darmstadt, Germany). Interleu-
kin-33 was determined by ELISA according to the kit
manufacturer’s instructions, LEGEND MAX Human IL-33
ELISA Kit with pre-coated plates (Biolegend, San Diego,
USA). The minimal detection level of IL-33 was 4.14 pg/mL.

Statistical Analysis

Continuous variables are expressed as means ( � SD) and
categorical values as percentages. We used the chi-square
test for comparison of qualitative data and the analysis of
variance (ANOVA) test for comparison between different
groups. A p value lower than 0.05was considered statistically
significant. The correlation between different biomarkers in
AR patients was assessed using Pearson correlation test.
Analysis was performed using the IBM SPSS software (SPSS
Inc, Chicago, Il).

Results

Forty-five patients with allergic rhinitis to date palm pollen
and ten non-atopic healthy volunteers enrolled in the study as
acontrol. Thedemographicandclinical characteristicsof study
subjects are shown in ►Table 1. Significant improvement of
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sneezing, itching and obstructionwas observed in GII and GIII
AR patients when compared with GI AR patients (p < 0.0001)
(►Fig. 1). Increase in the duration of IT was accompanied by
clinical improvement in symptoms.

Serum Levels of Total IgE and IL-33
The results are shown in ►Table 1. The serum levels of total
IgE in patients with AR (GI, GII and GIII) were statistically
highly significant compared with those in the control group
(p < 0.001). No significant differences were observed in the
total IgE levels among the groups of AR patients. Serum levels
of IL-33 were found significantly higher in the GI AR patients
(117.7 � 64.7 pg/mL) than in the control group (17 � 2.9)
(p < 0.001). Serum levels of IL-33 were significantly lower in
GII and GIII AR patients (30.04 � 5.42 pg/mL, 13.9 � 3.14pg/
mL respectively) than in GI AR patients (117.7 � 64.7 pg/mL)
(p < 0.001) (►Fig. 2). However, no statistically significant
differences were present between GII and GIII AR patients
despite the trend toward lower IL-33 levels in GIII AR
patients. There was no significant correlation between IL-
33 levels and total IgE in GI, GII and GIII AR patients.

Discussion

Allergic rhinitis is a worldwide health problem that affects
patients from all racial groups, socioeconomic conditions,
and ages. The incidence of positive skin test responses to an
outdoor allergen (such as grass and tree pollen) among the
US population has been approximated at 40%.7 Severe AR
largely affects the health-related quality of life, work, and
educational achievement, which causes a significant indivi-
dual and economic problem. Allergic rhinitis and asthma are
frequently comorbid disorders. Both considered as a part of
the same allergic disease (united airway approach), as they
affect the mucosa of the respiratory tract and shared by
common underlying cellular processes.8

Pharmacotherapy offers symptomatic relief. But, some
patients are unable to tolerate pharmacotherapy, and a
substantial number report only partial or poor symptom
control, particularly of systemic symptoms (for instance,
fatigue or headache).9 Both subcutaneous progressively
(SCIT) and sublingual immunotherapy (SLIT) are progres-
sively being considered for this group of patients. In contrast
to pharmacotherapy, the clinical benefits of SCIT and SLIT

Fig. 1 Shows clinical improvement of nasal symptoms in AR patients
in response to immunotherapy.

Table 1 The demographics, clinical and laboratory characteristics of the study subjects

GI
(n ¼ 15)

GII
(n ¼ 15)

GIII
(n ¼ 15)

Control
(n ¼ 10)

Gender (male/female) 7/8 7/8 6/9 6/4

Age (years) 24.9 � 7.3 25.5 � 7.2 24.3 � 4.5 24.9 � 8.6

Duration of IT treatment � 6 months 2 years �
Nasal rhinorrhea 8 6 3 �
Itching 13 3�� 0�� �
Sneezing 15 5�� 5�� �
Obstruction 14 2�� 0�� �
Total IgE IU/mL 216.3 � 80.8� 233.3 � 67.9� 188.6 � 29.7� 35.2 � 34.6

IL-33 pg/mL 117.7 � 64.7 30.04 � 5.42 �� 13.9 � 3.14 �� 17 � 2.9

Abbreviation: IgE, immunoglobulin E; IL, interleukin; IT, immunotherapy; n, number of subjects.
� Significant differences from control group, �� Significant differences from GI.

Fig. 2 Shows reduction in serum IL-33 levels in AR patients with
immunotherapy.
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appear to be continued after termination of immunother-
apy.10 There is evidence that IT can inhibit disease progres-
sion, development of new sensitizations, and onset of asthma
together with treating symptoms.9

Intraleukin-33 induces TH2 cytokine production in TH2
cells, mast cells, basophils and eosinophils, suggesting that IL-
33 has the potential to induce TH2 cytokines–mediated aller-
gic inflammation.11Moreover, IL-33 in nasal secretions corre-
lated significantly with the total nasal symptom score.3

Another study reported elevated level of IL-33 in sera of
patients with AR allergic to tree and/or grass pollen and the
correlation of IL-33 with the disease severity suggests that IL-
33 is involved in the pathogenesis of intermittent AR.4 Some
studies had shown that clinical improvement is accompanied
with a decrease in some immunological parameters after IT.12

The main aim of the study was to investigate the changes
in clinical symptoms and serum IL-33 level before and after
pollen IT in AR patients. We measured the levels of total IgE
and IL-33 in the serum of patients with AR with a control
group. Moreover, we evaluated the effects of a course of
Phoenix dactylifera IT on the expression of these markers
within the serum of patients with AR.We found higher levels
of IgE in AR patients when compared with controls.

It is remarkable that serum levels of IL-33 were found
significantly lower in the GII (Patients received IT for 6
months) andGIII (patients received IT for 2 years) ARpatients
than in GI (immunotherapy naïve) AR patients. This is in
agreement with the study of Gluck et al.4 In this study, the
investigators analyzed the serum level of IL-33 in patients
with intermittent allergic rhinitis (IAR) sensitive to grass
and/or tree pollen to evaluate if the serum level of IL-33 may
be a parameter for the disease severity. The study found that
serum levels of IL-33 in patients with IAR were comparable
with patients with bronchial asthma and were significantly
higher in patients with IAR (p ¼ 0.0035) and in patients with
bronchial asthma (p ¼ 0.008) than in controls. Serum levels
of IL-33 correlatedwith disease severity. They suggested that
IL-33 is included in the pathogenesis of IAR.

Other evidence came from the study of Kamekura.13 They
investigated expression of IL-33 in the nasal epithelium of
patients with AR and the mechanisms of the production of
cytokines/chemokines induced by treatment with IL-33
using normal human nasal epithelial cells (HNECs) in vitro.
Expression of IL-33 in normal and the AR, nasal mucosa was
estimated by reverse transcription and real-time polymerase
chain reactions and immunohistochemical methods. The
serum levels of IL-33, IL-8 and GM-CSF were determined
by ELISA. For in vitro experiments, HNECs in primary culture
were used. The study showed a significant higher level of
IL-33 in the sera of patients with AR than that in normal
controls. The expression of IL-33was significantly elevated in
the epithelium of patients with AR. Another experimental
report documented that ragweed pollen–driven endogenous
IL-33 contributed to the development of AR responses. And
concluded that IL-33 might present an important therapeu-
tic target for the prevention of AR.14

However, controversial results were derived from the
study of Asaka et al,3 who examined whether the levels of

IL-33 in sera and nasal secretions are unregulated in patients
with AR, and they tested for correlations between the IL-33
level and the parameters of atopy and the nasal symptom
score. The study included 24 Japanese cedar pollinosis
patients (12 male and 12 female patients with a mean age
of 47.7 years) with a history of moderate-to-severe AR, 14
house-dust-mite-sensitized patients with AR (9 male and 5
female patients with a mean age of 42 years) and 8 normal
controls. Results declared that IL-33 proteinwas not detected
in the serum of any of the subjects. However, the IL-33 level
in nasal secretionswas significantly elevated in patientswith
Japanese cedar pollinosis at peak season and in patients with
perennial AR compared with Japanese cedar pollinosis pa-
tients at preseason and the normal controls. Furthermore, IL-
33 in nasal secretions correlated significantly with the total
nasal symptom score.

In the present study, IT after 6months and 2 years showed
significant improvement of nasal symptomswhen compared
with treatment naïve patients and was associated with a
decline in serum IL-33 levels. Our findings are in agreement
with the Chinese study that discussed the expression of IL-33
and its receptor ST2 in the nasal mucosa in patients with AR.
They concluded that the serum levels of IL-33 were signifi-
cantly decreased after SIT treatment, suggesting that IL-33
may have a positive correlation with the severity of AR.15

Moreover, in murine studies, Haenuki et al elucidated that
the induction of sneezing and eosinophilic and basophilic
nasal inflammation in a ragweed pollen induced AR model
was reduced in IL-33-deficient mice. Thus, these nasal aller-
gic responses were mediated by endogenously released IL-
33.14 This ragweed pollen-driven IL-33 is essential for the
development of sneezing and the nasal accumulation of
eosinophils and basophils by increasing histamine release
and inducing the production of chemoattractants from
FcεRIþ mast cells and basophils, respectively.16 Further-
more, intranasal anti–IL-33 antibody significantly inhibited
cigarette smoke-induced lung inflammation in mice, as
evidenced by reducing levels of IL-33 and ST2, as well as
decreased number of neutrophil andmacrophage infiltration
along with decreased expression of inflammatory cytokines
(IL-1b, TNF, IL-17).17

The efficacy of IT in AR was recently approved by sys-
tematic review, concluding that updated meta-analyses con-
firmed statistically significant benefits for SCIT and SLIT for
AR comparedwith placebo in adults and, to a lesser extent, in
children.18

Our study affords evidence that the serum level of IL-33
can be a sensitive marker that could associate with clinical
improvement and play a role in the disease follow up. Further
studies on large numbers of patients with longer duration of
immunotherapy should be performed to better confirm
these results and their clinical significance.

Conclusion

Interleukin-33 is elevated in treatment naïve AR patients
(not subjected to immunotherapy). Its levels decline after IT,
thus providing a way of assessing the clinical response to IT.
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