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Abstract

Background: The severity of symptoms of pollen-induced
allergic rhinitis is affected by the amount of scattered pollen.
However, the relationships between the pollen dispersal
pattern, symptom severity, and treatment efficacy are not
clear. Methods: Between 2007 and 2012, we performed 4
randomized, placebo-controlled studies of sublingual im-
munotherapy (SLIT) on patients with Japanese cedar-in-
duced allergic rhinitis who lived in or around Chiba, Japan.
The participants were asked to avoid using rescue medicines
during the cedar pollen season as much as possible and to
record their nasal symptoms in allergy diaries. The amount
of pollen dispersed daily was quantified using the Durham
method, and the season was divided into early and late pe-
riods based on the pollen count. Results: A total of 721 pa-
tients were enrolled in the 4 studies during the 6-year study
period. In the placebo group (n = 349), a correlation was ob-
served between the amount of pollen dispersed and the se-
verity of symptoms in the early but not late period of pollen

dispersal. Treatment with SLIT (n = 372) significantly im-
proved symptom severity in the late but not early period.
Conclusion: For patients with Japanese cedar pollen-in-
duced allergic rhinitis, the fluctuation of daily pollen disper-
sal had a minimal effect on the severity of symptoms during
the late period. SLIT was remarkably effective in alleviating
symptoms during this period but not in the early period.

© 2018 S. Karger AG, Basel

Introduction

The severity of symptoms of pollen-induced allergic
rhinitis is affected by the quantity of scattered pollen, and
pollen avoidance using protective face masks and ventila-
tion systems with appropriate filters are important meth-
ods of symptom control [1-3]. However, even when pa-
tients are exposed to the same amount of pollen, symp-
tom severity varies greatly. The carry-over effect caused
by repeated exposure to pollen also has a significant effect
on symptoms. In our previous studies using an environ-
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mental pollen exposure chamber to simultaneously ex-
pose patients to the same quantity of pollen, we found
that symptom severity differed among the patients, and
repeated pollen exposure exacerbated the symptoms [4-
7]. In addition, the relationships between the pollen dis-
persal pattern, timing of the pollen season, and the nasal
symptoms have not been investigated in detail. Thus, un-
derstanding the relationship between the amount of pol-
len dispersed daily and symptom severity during a natural
pollen dispersal season is useful for providing the patient
with instructions to avoid pollen exposure and for deter-
mining the appropriate treatment.

In Japan, Japanese cedar (Cryptomeria japonica) pol-
len is the major causal allergen of pollen-induced allergic
rhinitis [1, 6]. Cedar forests cover nearly 18% of the total
forested area of Japan, and they produce enormous quan-
tities of pollen annually. Although the timing of the pol-
len seasons varies slightly from year to year according to
the climate, cedar pollen dispersal begins in early to mid-
February and peaks between late February and early
March. Cedar pollen can travel distances of more than
100 km and easily reaches major cities, including Tokyo
and Osaka, thereby causing widespread pollen-induced
allergic rhinitis [8].

It is difficult to examine the relationship between the
pattern of cedar pollen dispersal and nasal symptoms be-
cause patients usually begin treating symptoms after the
start of the pollen dispersal season. In previous placebo-
controlled comparative studies that we have conducted to
develop sublingual immunotherapy (SLIT) with cedar
pollen extracts, the participants were asked to refrain
from taking rescue drugs as much as possible [9-13]. In
the present study, we put the 4 studies together and ex-
amined the relationship between the daily amount of pol-
len dispersed and the nasal allergy symptoms of patients
in the placebo group. In addition, we examined the effi-
cacy and agendas of the cedar pollen extract that is avail-
able in Japan in terms of the relationship described above.

Materials and Methods

Between 2007 and 2012, we performed 4 randomized, placebo-
controlled studies to examine the efficacy and safety of SLIT in
patients with Japanese cedar-induced allergic rhinitis. The studies
were as follows: an 18-month study of 88 patients conducted from
September 2006 to May 2008 [9], a 5-month study of 52 patients
from November 2008 to March 2009 [13], a 5-month study of 64
patients from November 2009 to March 2010 [13], and an
18-month study of 517 patients from October 2010 to March 2012
[10]. There were no duplicate participants across these trials be-
cause each study excluded patients who had received previous im-
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munotherapy for any allergic disease, including Japanese cedar-
induced allergic rhinitis. The total number of patients receiving
placebo and SLIT was 349 and 372, respectively. The study was
approved by the Ethics Committee of Chiba University (approval
No. G201204). All patients provided written, witnessed, informed
consent.

Participants

The subjects consisted of patients with Japanese cedar-induced
allergic rhinitis who lived in or around Chiba, Japan. Patients met
the following inclusion criteria: male or female, 12-74 years of age
with serum cedar-specific IgE levels of class 2 or higher (Immuno-
CAP method; Phadia, Tokyo, Japan) and symptoms of cedar-in-
duced allergic rhinitis present for the previous 2 years. The exclu-
sion criteria were perennial allergic rhinitis, drug-induced rhinitis,
nonallergic rhinitis requiring treatment, previous immunotherapy
for any allergic disease (including Japanese cedar-induced allergic
rhinitis), an asthma attack within the previous 5 years, or current
pregnancy. Those who had nasal allergic symptoms outside of the
cedar pollen dispersal season or who were negative for specific IgE
antibodies to Japanese cedar pollen were excluded.

Pollen Measurement

Pollen counts were measured using the gravimetric method
with a Durham sampler placed in Chiba City [14, 15]. Throughout
the 4 studies, the pollen captured with the Durham sampler was
stained and counted using a microscope. In this way, the cedar pol-
len was selectively measured. We divided the cedar pollen dispersal
season into an “early period,” defined as day 1 of the cedar pollen
season to the day when the integrated pollen count reached 500
grains/cm?, and a “late period,” lasting from that day until March
31.

Study Drugs

Doses of 20, 200, and 2,000 Japanese allergy units (JAU)/mL of
standardized Japanese cedar pollen extract (Torii Pharmaceutical,
Tokyo, Japan) were used. These solutions were formulated by the
dilution of the standardized Japanese cedar pollen extract original
solution of 10,000 JAU/mL (7.3-21 pg/mL Cryj 1).

Study Protocols

Patients in the SLIT group (n = 372) received standardized Jap-
anese cedar pollen extract, and the placebo group (n = 349) re-
ceived inactive 50% glycerol in saline, as previously described [10,
13]. The dosing regimen in the SLIT group is shown in Table 1.
Patients who participated in the first study (November 2006 to
March 2008) were administered 0.2-1.0 mL of 20 JAU/mL during
week 1, 0.2-1.0 mL of 200 JAU/mL during week 2, 0.2-1.0 mL of
2,000 JAU/mL during week 3 (induction phase), and 1 mL of 2,000
JAU/mL from week 4 onward (maintenance phase). Patients who
participated in the other studies were administered 0.2-1.0 mL of
200 JAU/mL during week 1, 0.2-1.0 mL of 2,000 JAU/mL during
week 2 (induction phase), and 1 mL of 2,000 JAU/mL from week
3 onward (maintenance phase). Patients received the maintenance
dose weekly in the first study [9] and daily in the other studies [10,
13]. The extract was placed sublingually, kept in place for 2 min,
and then swallowed. Patients were instructed to place nothing in
their mouth and not to gargle for 5 min after swallowing. Although
participants were asked to refrain from taking rescue drugs as
much as possible, the daily use of the following relief drugs was al-
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lowed for unbearable symptoms (a nasal symptom with a score of
4): fexofenadine hydrochloride (a 60-mg tablet) and tramazoline
hydrochloride (a 0.118% nasal solution). The use of each rescue
drug was scored as 0 (not used), 3 (use either one) or 6 (use both
of them). The participants were asked to record their nasal symp-
toms and the use of rescue drugs in a paper diary daily from Feb-
ruary 1 to March 31.

The patients were divided into SLIT and placebo groups. A
group allocation number was given to each patient, and this num-
ber was closely guarded by the controller and a member of the eth-
ics committee who was not directly involved in the studies, until
accessed with the key after the completion of the study.

Evaluation of Symptoms

In the Japanese practical guideline for allergic rhinitis, the se-
verity of allergic rhinitis symptoms is classified using the three
symptoms of sneezing, rhinorrhea, and nasal congestion; we com-
plied with this classification in the study. A 5-point scale (0 = none,
1 = mild, 2 = moderate, 3 = severe, and 4 = very severe) for each
symptom was used according to the Japanese guidelines for aller-
gic rhinitis [1, 3]. The total nasal symptom score (TNSS) was ob-
tained by summing the scores for those three symptoms. The TNSS
score ranged from 0 to 12, and nasal symptoms were defined as
mild, moderate, and severe when the TNSS was <3, 4-8, and 28,
respectively. The Japanese cedar pollen dispersal season usually
starts in February and peaks in March (Fig. 1). We evaluated the
severity of Japanese cedar-induced allergic rhinitis between the
start of the dispersal and the end of March. The first day of cedar
pollen dispersal was considered to be day 1 of the first 2 consecu-
tive days after January 1 on which the pollen count was >1/cm?/
day, as measured by the Durham method. Patients were asked not
to use any medications for rhinitis prophylaxis or treatment from
the first day of cedar pollen dispersal until March 31. However, a
daily dose of fexofenadine hydrochloride (60-mg tablet) or tram-
azoline hydrochloride (0.118% nasal solution) as rescue medica-
tion was allowed if one of the nasal symptoms became unbearable
(e.g. score of sneezing = 4). The use of each relief medication was
scored as 0 (not used) or 3 (used), giving possible scores of 0, 3,
or 6.

Statistical Analyses

Data analyses were performed as described previously [9, 10].
In brief, Student’s ¢ test was used to compare the mean TNSS be-
tween the SLIT group and the placebo group during the Japanese
cedar pollen dispersal seasons.

Results

A total of 721 patients were enrolled in 1 of 4 random-
ized, placebo-controlled studies during a 6-year study pe-
riod (Table 2). Figure 1 shows the cedar pollen dispersal
pattern and the severity of nasal symptoms (total TNSS)
of the placebo groups for each season. The use of rescue
drugs was low in all seasons; the mean rescue score was
<0.1 (on a scale of 0-6), even during the peak periods of
pollen dispersal, and there was no significant difference

Immunotherapy and Symptoms in Late
Period of Japanese Cedar Pollen Dispersal

Table 1. Dosage regimen (mL) of cedar pollen extract during the
induction and maintenance phases

a The indicated volumes and concentrations of extract were
administered for the first 3 weeks (induction phase) and from
week 4 onward (maintenance phase) in the first study (Novem-
ber 2006 to May 2008)

Week 1 Week 2 Week 3 Week 4
20JAU/mL 200 JAU/mL 2,000 JAU/mL 2,000 JAU/mL

Dayl 0.2 0.2 0.2 1.0

Day2 0.4 0.4 0.4 none

Day3 0.6 0.6 0.6 none

Day4 0.8 0.8 0.8 none

Day5 1.0 1.0 1.0 none

Day 6 none none none none

Day7 none none none none

b The indicated volumes and concentrations of extract were
administered for the first 2 weeks (induction phase) and from
week 3 onward (maintenance phase) in the remaining studies

Week 1 Week 2 Week 3
200 JAU/mL 2,000 JAU/mL 2,000 JAU/mL
Day1l 0.2 0.2 1.0
Day2 0.2 0.2 1.0
Day3 0.4 0.4 1.0
Day4 0.4 0.4 1.0
Day5 0.6 0.6 1.0
Day6 0.8 0.8 1.0
Day7 1.0 1.0 1.0

JAU, Japanese allergy unit.

in the medication score between the placebo and the SLIT
groups (data not shown). There was considerable varia-
tion in the total amount of cedar pollen dispersed per sea-
son (total amount of dispersed pollen during the observed
period was 1,560/cm? in 2007, 4,590/cm? in 2008, 4,290/
cm? in 2009, 2,070/cm? in 2010, 7,430/cm? in 2011, and
3,240/cm? in 2012), and in the starting date of the pollen
dispersal season (ranging from February 5 to 21; Fig. 1).
Overall, the number of patients with moderate-severe
symptoms (TNSS of >4 points) increased rapidly at the
start of the dispersal season and decreased gradually to-
ward the end. However, the amount of pollen dispersed
did not always cause comparable TNSS, even in the same
season. Thus, there were daily and seasonal variations in
the relationship between the cedar pollen count and the
percentage of patients in the placebo group with moder-
ate-severe nasal symptoms throughout the pollen disper-
sal season.

Int Arch Allergy Immunol 2018;177:245-254
DOI: 10.1159/000490314

247

Downloaded by: C. Alessandri - 87218

Universita degli Studi, Bibl. Area Biomed. Tor Vergata

160.80.2.38 - 11/8/2018 4:43:16 PM
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Pollen count, grains/cm?/day

Severity of total nasal symptom score
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Fig. 1. Japanese cedar pollen dispersion pattern and severity of na-  cedar-induced allergic rhinitis showing a mild, moderate, and se-
sal symptoms in the placebo group. Black lines show the seasonal  vere total nasal symptoms score, respectively. The start date of the
cedar pollen dispersal pattern. The shaded, light gray, and dark  pollen dispersal season is shown at the top right corner of each
gray zones represent the daily percentage of patients with Japanese  figure.

Table 2. Baseline demographic profile of study subjects

2007, 2008 2009 2010 2011, 2012
placebo SLIT placebo SLIT placebo SLIT placebo SLIT
(n=37) (n=>51) (n=24) (n=28) (n=29) (n=35) (n=266)* (n=265)*
M/F ratio 8/29 17/34 7117 12/16 9/20 12/23 101/164 103/163
Mean age, years 42.3 44.4 42 43 41 44 39.8 40.1
Range 19-70 16-73 18-64 21-59 22-62 23-63 14-64 12-63
Mean total IgE 258 198 178 152 282 135 224 227
Range 8.6-2,090  6.8-1,480 26.6-910  10.4-483 35.2-1,940  18.5-677 13-3,200 10-4,800
Mean JC-specific IgE 29 27 22 27 30 23 25 25
Range 1.5-100 0.8-100 2.7-85 1.6 3.1-100 2.4 3.5-100 3.6-100
Disease duration, years >2 >2 15.8+9.0 16.1+9.8 15.3+8.8 16.1+9.4 16.6+8.3 15.749.1
Polysensitization (house
dust mite), % 35 47 41 32 48 29 35 34

JC, Japanese cedar pollen. * 14 and 49 participants were excluded in 2011, 2012, respectively.
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Pollen dispersal is affected by the weather, especially
by rainfall. Figure 2 shows the individual rainy days (rain-
fall of 21 mm/day), the corresponding pollen counts, and
the TNSS during the 2011 and 2012 seasons. Although the
amount of pollen dispersed decreased on wet days, the
mean TNSS did not decrease dramatically on rainy days,
even after the peak pollen dispersal. The mean TNSS was
observed as a smooth arch-shaped continuum rather
than as a series of peaks. The participants, therefore, ex-
perienced only slight relief from nasal symptoms on wet
days throughout the study period.

Figure 3 shows the relationship between the integrated
pollen count and the percentage of patients with moder-
ate-severe symptoms. Two symptom phases (an acute ex-
acerbation period and a near-plateau period) were evi-
dent from this analysis, and the transition appeared to
occur when the integrated pollen count reached approxi-
mately 500 grains/cm?. Thus, for further analysis, we di-
vided the cedar pollen dispersal season into an “early pe-
riod,” defined as day 1 of the cedar pollen season to the
day when the pollen count reached the transition period,
and a “late period,” lasting from that day until the end of
the observation period (March 31). Figure 4 shows the
relationship between the percentage of patients with
moderate-severe symptoms and the integrated pollen
counts in the early period of each season. The correlation
coefficients were similarly high in each year.

Immunotherapy and Symptoms in Late
Period of Japanese Cedar Pollen Dispersal

The number of days in the early and late periods of
each pollen dispersal season and the corresponding mean
TNSS in the placebo and SLIT groups are shown in Table
3. The TNSS in the early periods were not markedly dif-
ferent between the SLIT group and placebo group in each
year; however, the scores in the late periods were signifi-
cantly lower in the SLIT group than in the placebo group
for each year except 2007.

Discussion

The dispersal of cedar pollen is followed by Japanese
cypress (Chamaecyparis obtusa) pollen dispersal, starting
at the end of March and peaking in the middle of April
[16]. Approximately 70% of patients with cedar-induced
allergic rhinitis are also allergic to Japanese cypress pollen
because the two pollens share a common antigen [17, 18].
To avoid the influences in nasal symptoms caused by the
Japanese cypress pollen, we set the end of the observation
period as March 31.

In Japan, pollen counts are typically measured using
the gravimetric method with a Durham sampler [14]; in
contrast, Western countries predominantly use the infi-
nite volumetric method with a Burkard sampler [19].
Compared with the Burkard sampler, the Durham sam-
pler is relatively inexpensive and technically easy to use;
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Fig. 3. Relationship between the integrated pollen counts of Japanese cedar and the percentage of patients in the
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single day in the dispersal season, and the black curves represent a regression curve.

however, it is affected by wind power and direction, and
it is an unrealistic method for hourly quantification of
scattered pollen. A previous study noted a significant cor-
relation in the conifer pollen count, such as cedar pollen,
between Durham and Burkard samplers [15].

In this study, the total amount of scattered pollen dif-
fered widely from year to year, resulting in an approxi-
mately 6-fold difference between the highest and lowest
amount of pollen dispersed in the 6 years studied. The dis-
persal pattern was observed as a series of peaks rather than
as a smooth arch-shaped continuum, and the peak was not
always observed at the same time. The symptom fluctua-
tion due to differences in daily pollen scattering shown in
Figure 1 suggests that knowing pollen counts during the
season is very useful for predicting the degree of patients’
symptoms. The daily pollen counts also varied greatly from
year to year. In 2009 and 2012, pollen dispersal peaked at

250 Int Arch Allergy Immunol 2018;177:245-254
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the beginning of the season and remained low until the end
of March. In contrast, several dispersal peaks were detected
in 2011, whereas peaks were unclear in 2010.

Pollen concentrations are thought to be associated with
several meteorological conditions, including the overall
trend towards increased temperature; indeed, the concen-
trations of some types of pollen have significantly in-
creased as a consequence of global warming [20]. In the
present study, pollen dispersal was affected by the weath-
er, and pollen counts were drastically reduced on rainy
days. This result is consistent with a previous study sug-
gesting that pollen concentration trends were inversely as-
sociated with changes in relative humidity and rainfall
trends [20]. Despite our observation that dispersed pollen
amounts decreased on rainy days, this was not accompa-
nied by a marked amelioration of nasal symptoms. Taylor
etal. [21] found that pollen can rupture at high humidity,
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thus producing particulate aerosols that contain pollen al-
lergens. In addition, it is reasonable to assume that chang-
es in the weather can affect chemical aerosols and Asian
sand dust, both of which could enhance rhinoconjuncti-
vitis symptoms in pollen-allergic individuals [22, 23]. Fur-
ther studies on meteorological parameters and air pollut-
ants are needed to test and validate these possibilities.

In this study, we detected a logarithmic function-like
form of relationship between the integrated pollen count
and symptom severity throughout the dispersal season,
although the mean TNSS varied greatly between seasons,
even on days with similar pollen count in the same sea-
son. This finding suggests that symptoms were affected
by the time at which pollen exposure occurred within the
dispersal season. Symptoms of rhinitis rapidly worsened
between the start of pollen dispersion and the day when

Immunotherapy and Symptoms in Late
Period of Japanese Cedar Pollen Dispersal

the integrated pollen count reached approximately 500
grains/cm? (“the early period”) in all years studied. A
strong correlation was observed between the integrated
pollen count and symptom scores in the period in both
the placebo and SLIT groups. However, the symptom
scores remained high from the transition day onward
(“the late period”), with little decrease in the symptom
scores clearly observed in the period, even on rainy days.

Overall, the relationship between integrated pollen
counts and symptom scores was similar in the placebo and
SLIT group, and a significant correlation was observed
only in the early period. The SLIT group showed no clear
improvement in symptoms compared with the placebo
group in the early period in any year studied. In the late
period, however, the symptom scores were significantly
lower in the SLIT group than in the placebo group, albeit
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Table 3. Mean total nasal symptom score (TNSS) and duration of early and late periods in each year of the study

Year Placebo Active SLIT p value (placebo vs.
active SLIT)
early late early late early late
period period period period period period

2007 (n=37) (n=51)

Days 23 31 23 31

TNSS (mean) 3.04 3.58 291 3.36 0.62 0.14
2008 (n=37) (n=>51)

Days 14 28 14 28

TNSS (mean) 2.43 4.43 2.24 3.76 0.53 <0.01
2009 (n=24) (n=28)

Days 11 44 11 44

TNSS (mean) 2.54 4.20 2.09 3.08 0.17 <0.01
2010 (n=29) (n=235)

Days 28 24 28 24

TNSS (mean) 2.27 3.45 2.34 2.92 0.71 <0.01
2011 (n =256) (n=261)

Days 16 25 16 25

TNSS (mean) 4.03 7.33 3.65 6.26 0.48 <0.01
2012 (n =241) (n = 241)

Days 16 24 16 24

TNSS (mean) 2.02 4.67 1.88 3.47 0.42 <0.01

TNSS, total nasal symptom score. p values assessed by the 2-tailed Student’s ¢ test.

with large variations, for every year except 2007. SLIT did
not improve nasal symptoms in the 2007 season as previ-
ously reported [9], probably because the dose of cedar pol-
len extract (1.5-4.2 pg of Cryj 1 per week in the first study)
was considered too low to have a beneficial effect com-
pared with other formulations of SLIT [24]. Nevertheless,
in the second year of the study, an improvement in nasal
symptoms in the late period similar to other studies was
observed. The TNSS in the peak symptom period was sig-
nificantly lower in the SLIT group than in the placebo
group: by 18 and 30% in the 2011 and 2012 seasons, re-
spectively [10]. This result is clinically meaningful because
a symptom improvement effect of more than 20% com-
pared with the placebo is considered clinically relevant ef-
ficacy [25]. These results suggest that an increase in the
antigen amount in the active drug or continuation of more
than 2 years is desirable for enough effect manifestation.
Previous studies to expose subjects with cedar-induced
allergic rhinitis to pollen in a pollen challenge test cham-
ber outside of the cedar pollen season showed that nasal
symptoms increased immediately after pollen exposure
and plateaued within 2 h [4-6]. In these studies, symp-
toms such as nasal obstruction, rhinorrhea and sneezing
continued in all subjects for 3-4 days after leaving the

252 Int Arch Allergy Immunol 2018;177:245-254
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chamber, even though they were no longer exposed to
pollen. The persistent nasal mucosal inflammation fol-
lowing a type 1 allergic reaction was presumed to contrib-
ute to the prolonged nasal symptoms. In the present study
of natural pollen exposure, we considered that worsening
allergic inflammation in the nasal mucosa induced per-
sistent nasal symptoms in the late period.

The lack of SLIT efficacy in the early period may pro-
vide clues about its mechanism of action. Cedar pollen-
specific IgE levels did not decrease with SLIT treatment
for at least 18 months [10, 12, 26]. Allergen-specific im-
munotherapy does not improve allergic rhinitis induced
by other allergens, demonstrating that SLIT does not in-
hibit the mast cell responses, which play important roles
in allergic rhinitis, particularly in the early phase [27]. Al-
though pollen-specific IgG4 antibodies were induced by
SLIT, the levels did not correlate with the suppressive ef-
fects of SLIT on nasal symptoms [10, 28]. Furthermore,
these studies did not determine the potential interference
of IgG4 in binding cedar pollen and pollen-specific IgE
[29]. We previously showed that SLIT did not eliminate
Th2 cells but instead inhibited the seasonal increase in ce-
dar pollen-specific Th2 effector cells, which normally en-
hance allergic inflammation at the start of the dispersal
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season [11, 26, 30]. Although SLIT inhibited this enhance-
ment, a longer period of suppression might be required to
reduce the inflammation [11]. Early intervention with
conventional drugs, such as antihistamines and nasal ste-
roids, may be able to improve the symptoms in the early
period and contribute to further relief of symptoms.

Our study showed that the amount of cedar pollen dis-
persed daily affected the severity of symptoms only in the
early period of dispersal and that continued exposure to
pollen maintains the symptom severity. Although SLIT
was not particularly effective during the early period, it
significantly improved nasal symptoms in the late period
of exposure. However, in our studies, patients were ad-
ministered SLIT for a maximum of 18 months, and longer
treatment periods or an increase in the amount of antigen
in SLIT might significantly improve symptoms, even dur-
ing the early period of pollen dispersal. Further studies
should examine the effect of SLIT administered for at least
3 years at different points in the pollen dispersal seasons.

Acknowledgement

We thank S. Win, PhD, from Edanz Group (www.edanzedit-
ing.com/ac) for editing a draft of this manuscript.

References

Statement of Ethics

All participants gave written, witnessed, informed consent. The
study was approved by the Ethics Committee of Chiba University
(approval No. G201204).

Disclosure Statement

Shinya Kaneko is employee of Torii Pharmaceutical Co. Ltd.,
Tokyo, Japan. Other authors have no relevant conflicts of interest
to declare.

Funding Sources

This work was supported in part by the Japan Agency for Med-
ical Research and Development, AMED (grant No.:
15ek0410009h0002), and Torii Pharmaceutical Co. Ltd., Tokyo,
Japan. The sponsors had no control over the interpretation, writ-
ing, or publication of this work.

Author Contributions

T.S.,S.Y,, D.S,, and Y.O. contributed to the study design; T.S.,
T.I, Y.M,, and S.K. collected the clinical data; T.S. and Y.O. were
involved in writing the manuscript.

—_

Fujieda S, Kurono Y, Okubo K, Ichimura K,
Enomoto T, Kawauchi H, et al: Examination,
diagnosis and classification for Japanese aller-
gic rhinitis: Japanese guideline. Auris Nasus
Larynx 2012;39:553-556.

Bousquet J, van Cauwenberge P, Khaltaev N:
Allergic rhinitis and its impact on asthma. J
Allergy Clin Immunol 2001;108:5147-S334.
Okubo K, Kurono Y, Fujieda S, Ogino S,
Uchio E, Odajima H, et al: Japanese guideline
for allergic rhinitis. Allergol Int 2011;60:171—
189.

Hamasaki S, Okamoto Y, Yonekura S, Okuma
Y, Sakurai T, linuma T, et al: Characteristics
of the Chiba environmental challenge cham-
ber. Allergol Int 2014;63:41-50.

Yonekura S, Okamoto Y, Yamamoto H, Saku-
rai T, linuma T, Sakurai D, et al: Randomized
double-blind study of prophylactic treatment
with an antihistamine for seasonal allergic
rhinitis. Int Arch Allergy Immunol 2013;162:
71-78.

Okuma Y, Okamoto Y, Yonekura S, linuma
T, Sakurai T, Hamasaki S, et al: Persistent na-
sal symptoms and mediator release after con-
tinuous pollen exposure in an environmental
challenge chamber. Ann Allergy Asthma Im-
munol 2016;117:150-157.

Immunotherapy and Symptoms in Late
Period of Japanese Cedar Pollen Dispersal

10

Suzuki T, Okamoto Y, Yonekura S, Okuma Y,
Sakurai T, Sakurai D: Characteristics of laryn-
geal symptoms induced in patients with aller-
gic rhinitis in an environmental challenge
chamber. Ann Allergy Asthma Immunol
2016;116:491-496.

Masuyama K, Goto M, Takeno S, Ohta N,
Okano M, Kamijo A, et al: Guiding principles
of sublingual immunotherapy for allergic rhi-
nitis in Japanese patients. Auris Nasus Larynx
2016;43:1-9.

Fujimura T, Yonekura S, Horiguchi S, Tani-
guchi Y, Saito A, Yasueda H, et al: Increase of
regulatory T cells and the ratio of specific IgE
to total IgE are candidates for response mon-
itoring or prognostic biomarkers in 2-year
sublingual immunotherapy (SLIT) for Japa-
nese cedar pollinosis. Clin Immunol 2011;
139:65-74.

Okamoto Y, Okubo K, Yonekura S, Hashigu-
chi K, Goto M, Otsuka T, et al: Efficacy and
safety of sublingual immunotherapy for two
seasons in patients with Japanese cedar polli-
nosis. Int Arch Allergy Immunol 2015;166:
177-188.

11

12

13

14

15

Horiguchi S, Okamoto Y, Yonekura S, Okawa
T, Yamamoto H, Kunii N, et al: A randomized
controlled trial of sublingual immunotherapy
for Japanese cedar pollinosis. Int Arch Allergy
Immunol 2008;146:76-84.

Fujimura T, Yonekura S, Taniguchi Y, Hori-
guchi§, Saito A, Yasueda H, et al: The induced
regulatory T cell level, defined as the propor-
tion of IL-10(+)Foxp3(+) cells among
CD25(+)CD4(+) leukocytes, is a potential
therapeutic biomarker for sublingual immu-
notherapy: a preliminary report. Int Arch Al-
lergy Immunol 2010;153:378-387.

Okamoto Y: The annual report of a Research
on Allergic Disease and Immunology of
Health Labor Sciences Research Grant in Ja-
pan (H21-consignment [Immunity]-Gener-
al). 2014, pp 14-15.

Durham OC: The volumetric incidence of at-
mospheric allergens: a proposed standard
method of gravity sampling, counting, and
volumetric interpolation of results. J Allergy
1946;17:79-86.

Kishikawa R, Saito A, Nanba H, Sahashi N,
Higaki Y, Koto E, et al: Monitoring Japanese
allergenic pollen using Durham’s and Burkard
sampler for Asia Pollen Allergy Network. J Al-
lergy Clin Immunol 2013;131:AB81.

Int Arch Allergy Immunol 2018;177:245-254
DOI: 10.1159/000490314

253

egli Studi, Bibl. Area Biomed. Tor Vergata

Downloaded by: C. Alessandri - 87218

o
b
>
=

=
a
©
a
&
<
<
®
=
S
S
£
3
=
@
®
o
=}
@
o
=}
=



16

17

18

19

20

Kanzaki S, Hashiguchi K, Wakabayashi KI,
Suematsu K, Okubo K: Histamine antagonist
bepotastine suppresses nasal symptoms
caused by Japanese cedar and cypress pollen
exposure. ] Drug Assess 2016;5:15-23.
Suzuki M, Komiyama N, Itoh M, Itoh H, Sone
T, Kino K, et al: Purification, characterization
and molecular cloning of Cha o 1, a major al-
lergen of Chamaecyparis obtusa (Japanese cy-
press) pollen. Mol Immunol 1996;33:451-
460.

Miyaji K, Okamoto N, Saito A, Yasueda H,
Takase Y, Shimakura H, et al: Cross-reactivity
between major IgE core epitopes on Cry j 2
allergen of Japanese cedar pollen and relevant
sequences on Cha o 2 allergen of Japanese cy-
press pollen. Allergol Int 2016;65:286-292.
Katelaris CH, Burke TV, Byth K: Spatial vari-
ability in the pollen count in Sydney, Austra-
lia: can one sampling site accurately reflect the
pollen count for a region? Ann Allergy Asth-
ma Immunol 2004;93:131-136.

Bruffaerts N, De Smedt T, Delcloo A, Simons
K, Hoebeke L, Verstraeten C, et al: Compara-
tive long-term trend analysis of daily weather
conditions with daily pollen concentrations
in Brussels, Belgium. Int ] Biometeorol 2018;
62:483-491.

21

22

23

24

25

Taylor PE, Flagan RC, Miguel AG, Valenta R,
Glovsky MM: Birch pollen rupture and the re-
lease of aerosols of respirable allergens. Clin
Exp Allergy 2004;34:1591-1596.

Riediker M, Monn C, Koller T, Stahel WA,
Wouthrich B: Air pollutants enhance rhino-
conjunctivitis symptoms in pollen-allergic in-
dividuals. Ann Allergy Asthma Immunol
2001;87:311-318.

Ichinose T, Hiyoshi K, Yoshida S, Takano H,
Inoue K, Nishikawa M, et al: Asian sand dust
aggravates allergic rhinitis in guinea pigs in-
duced by Japanese cedar pollen. Inhal Toxicol
2009;21:985-993.

Jin]JJ, LiJT, Klimek L, Pfaar O: Sublingual im-
munotherapy dosing regimens: what is ideal?
J Allergy Clin Immunol Pract 2017;5:1-10.
Canonica GW, Baena-Cagnani CE, Bousquet
], Bousquet PJ, Lockey RF, Malling HJ, et al:
Recommendations for standardization of
clinical trials with Allergen Specific Immuno-
therapy for respiratory allergy. A statement of
a World Allergy Organization (WAO) task-
force. Allergy 2007;62:317-324.

254

DOI: 10.1159/000490314

Int Arch Allergy Immunol 2018;177:245-254

26

27

28

29

Sakurai D, Yonekura S, Iinuma T, Sakurai T,
Morimoto Y, Mita Y, et al: Sublingual immu-
notherapy for allergic rhinitis: subjective ver-
sus objective tools to evaluate its success. Rhi-
nology 2016;54:221-230.

Radulovic S, Wilson D, Calderon M, Durham
S: Systematic reviews of sublingual immuno-
therapy (SLIT). Allergy 2011;66:740-752.
Baron-Bodo V, Horiot S, Lautrette A, Chabre
H, Drucbert AS, Danze PM, et al: Heterogene-
ity of antibody responses among clinical re-
sponders during grass pollen sublingual im-
munotherapy. Clin Exp Allergy 2013;43:
1362-1373.

Ewan PW, Deighton J, Wilson AB, Lachmann
PJ: Venom-specific IgG antibodies in bee and
wasp allergy: lack of correlation with protec-
tion from stings. Clin Exp Allergy 1993;23:
647-660.

Horiguchi S, Tanaka Y, Uchida T, Chazono
H, Ookawa T, Sakurai D, et al: Seasonal
changes in antigen-specific T-helper clone
sizes in patients with Japanese cedar pollino-
sis: a 2-year study. Clin Exp Allergy 2008;38:
405-412.

Sakurai/Yonekura/linuma/Sakurai/
Morimoto/Kaneko/Okamoto

Downloaded by: C. Alessandri - 87218

Universita degli Studi, Bibl. Area Biomed. Tor Vergata

160.80.2.38 - 11/8/2018 4:43:16 PM



	TabellenTitel
	StartZeile
	Zwischenlinie
	TabellenFussnote

