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Jeju is an island in South Korea located in a temperate climate zone. The Japanese cedar tree (JC) has become the dominant tree species while
used widely to provide a windbreak for the tangerine orchard industry. An increase in pollen counts precedes atopic sensitization to pollen and polli-
nosis, but JC pollinosis in Jeju has never been studied. We investigated JC pollen counts, sensitization to JC pollen, and JC pollinosis. Participants
were recruited among schoolchildren residing in Jeju City, the northern region (NR) and Seogwipo City, the southern region (SR) of the island. The
JC pollen counts were monitored. Sensitization rates to common aeroallergens were evaluated by skin prick tests. Symptoms of pollinosis were sur-
veyed. Among 1,225 schoolchildren (49.6% boys, median age 13 years), 566 (46.2%) were atopic. The rate of sensitization to Dermatophagoides
pteronyssinus (35.8%) was highest, followed by D. farinae (26.2%), and JC pollen (17.6%). In the SR, 156 children (23.8%) were sensitized to JC pol-
len; this rate was significantly higher than that in the NR (59 children, 10.4%, P<0.001). A significant increment in the sensitization rate for JC pol-
len with increasing school level was observed only in the SR. JC pollen season in the SR started earlier and lasted longer than that in the NR. JC
pollen season in Jeju was defined as extending from late January to mid-April. The prevalence of JC pollinosis was estimated to be 8.5%. The prev-
alence differed significantly between the NR and SR (5.3% vs 11.3%, P<0.001), mainly due to the difference in sensitization rates. JC pollen is the
major outdoor allergen for early spring pollinosis in Jeju. JC pollen season is from late January to mid-April. Warmer weather during the flowering
season scatters more JC pollen in the atmosphere, resulting in a higher sensitization rate in atopic individuals and, consequently, making JC pollino-
sis more prevalent.
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INTRODUCTION only about 30 km north and south of each other. Although they

are in the same climate zone, there is a natural temperature

Allergic inflammation in response to pollen antigens in the
nasal airway causes pollinosis. Sneezing, coryza, stuffiness, and
itching around the nose and eyes are evoked during the efflo-
rescence. Repeated and extended exposure to pollen among
atopic individuals is considered to precede atopic sensitization
to pollen antigens.

Jeju is a province of South Korea, an island separated from the
Korean peninsula.' Because of its warm climate, tangerine or-
chards are one of the main industries. The Japanese cedar tree
(Cryptomeria japonica, JC) was planted as a windbreak to de-
crease fruit loss. Because of systematic planting, JC became the
dominant tree species. Jeju is the only province where JC pollen
is detected in Korea,? and as a result it has become the most
common sensitizing outdoor allergen for Jeju residents.>* How-
ever, the prevalence of JC pollinosis has never been studied.

In Jeju, there are 2 city districts (Jeju City and Seogwipo City),
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gradient between the cities.' We investigated the JC pollen-sen-
sitization-pollinosis and hypothesized that the climate differ-
ence might influence the prevalence of JC pollinosis among the
residents in the 2 cities.

MATERIALS AND METHODS

In Jeju, there are 2 school districts that correspond with the
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city districts. A balanced selection of schools and grades was
made from each school district. The attendees of the schools
located in Jeju City are representative of residents of Jeju City
(northern region, NR), and those in Seogwipo City are of Seog-
wipo City (southern region, SR) (Fig. 1). All those students in
the school year of 2010 were initially included.

The skin prick test was performed after informed consent
from each student’s parents. JC pollen (Greer Laboratories Inc.,
Lenoir, NC, USA) was diluted with 0.9% saline to a protein con-
centration of 100 pg/mL, and the same volume of 50% glycerin
was added. Sensitization to an antigen was defined as a mean
wheal size that was the same or larger than that of the positive
control (allergen/histamine ratio >1). Atopy was defined as
sensitization to one or more aeroallergens tested. The data
were excluded when the wheal size for the positive control (his-
tamine 1 mg/mL) was smaller than 2 mm or if a wheal was ob-
served in the negative control (0.9% saline).

A questionnaire was designed, which asked whether pollino-
sis symptoms were present within the last 12 months and in
which month they were present. A case of JC pollinosis was de-
fined as one with pollinosis symptoms present during the JC ef-
florescence season among the JC pollen-sensitized.

Burkard 7-day recording volumetric spore traps (Burkard
Manufacturing Co., Rickmansworth, UK) were installed in the 2
geographic locations of 126°31'13.67" E, 33°29'29.27" N, repre-
sentative of the NR, and 126°33'18.97" E, 33°15'11.86" N, repre-
sentative of the SR (Fig. 1). The drum in the device was harvest-
ed weeldy at the same time. The trapped pollen was mounted
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in glycerin jelly and stained. The pollen collected per 24-hour
period was identified and counted by an expert at X 400.

JC pollen season in each year was defined as extending from
the first day when JC pollen was detected on 2 or more consec-
utive days to the first day when no JC pollen was identified for a
full day.

Monthly mean temperature data for the two regions were ob-
tained from the database of the Korea Meteorological Adminis-
tration.’

Table 1. Demographic characteristics

Total NR SR
Participants, N (%) 1,225 (100) 569 (46.4) 656 (53.6)
Age, median (IQR) 13(11-16) 13(11-16) 13(11-16)
Boys, N (%) 607 (49.6) 298 (52.4) 309 (47.1)
By school, N (%)
Elementary 438(35.8) 232 (40.8) 206 (31.4)
Middle 458 (37.4) 226 (39.7) 232 (35.4)
High 329(26.9) 111(19.5) 218(33.2)
By age, N (%)
9 123(10.0) 72(12.7) 51(7.8)
10 141(11.5) 67(11.8) 74(11.3)
11 174(14.2) 93(16.3) 81(12.3)
13 234(19.1) 117(20.6) 17(17.8)
14 224(18.3) 109(19.2) 115(17.5)
16 329(26.9) 111(19.5) 218(33.2)

NR, residents of Jeju City; SR, residents of Seogwipo City.

Namgwang Elementary Schoaol

/F Ara Middle School

Jeju National University High School —, |

Mamju High School
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/
Jungmun Middle School —/

Fig. 1. (A) A geographical scheme of the study. The white arrow indicates Jeju island in South Korea. (B) The approximate geographical locations of the selected

schools (circles) and the pollen counters (white stars) are marked.
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Table 2. Sensitization rates to common aeroallergens

Number (%) Total NR SR P-value
Atopy 566 (46.2) 234 (41.1) 332(50.6) < 0.001
D. pteronyssinus 439(358)  188(33.0)  251(383) 0.057
D. farinae 321(26.2) 153(26.9) 168 (25.6) 0.612
Mold Il 73(6.0) 24(4.2) 49(7.5) 0.016
Mold | 11(0.9) 4(0.7) 7(1.1) 0.501
Aspergillus 6(0.5) 3(0.5) 3(0.5) 0.861
Penicillium 3(0.2) 0(0) 3(05) 0.106
Japanese cedar 215(17.6) 59(104)  156(23.8) < 0.001
Pine 16(1.3) 2(04) 14(2.1) 0.006
Willow 13(1.1) 2(04) 11(1.7) 0.024
Maple 17(1.4) 6(1.1) 11(1.7) 0.353
Birch 21(1.7) 5(09) 16 (2.4) 0.036
Oak 13(1.1) 2(04) 11(1.7) 0.024
Alder 9(0.7) 2(04) 7(1.1) 0.144
Bermuda grass 17(1.4) 8(1.4) 9(1.4) 0.96

Timothy grass 41(3.3) 17(3.0) 24(3.7) 0.515
Japanese hops 29(2.4) 10(1.8) 19(2.9) 0.191
Ragweed 9(0.7) 2(04) 7(1.1) 0.144
Mugwort 27(2.2) 13(2.3) 14(2.1) 0.858

Mold I, outdoor mold mixture including Alternaria, Botrytis, Cladosporium, Cur-
vularia, Fusarium, and Helminthosporium; Mold II, indoor mold mixture includ-
ing Aspergillus, Mucor, Penicillium, Pullularia, Rhizopus, and Serpula.

NR, residents of Jeju City; SR, residents of Seagwipo City.

Table 3. Characteristics of the 215 participants sensitized to Japanese cedar
pollen

N (%) P-value
Total 215(17.6)
Sex Boys 115(18.9) 0.203
Girls 100(16.2)
School Elementary 64 (14.6) 0.010
Middle 79(17.2)
High 72(21.9)
Residential area  Jeju City 59(10.4) < 0.001
Seogwipo City 156 (23.8)

RESULTS

Among the 1,750 questionnaires distributed, 1,524 (87.1%)
were returned. Skin prick tests were performed on 1,291 stu-
dents (73.8%) in April 2010, and 1,225 participants with valid
skin prick tests (607 boys, 49.6%, median age of 13, interquartile
range [IQR] 11-16) were included in the final analysis. Among
those, 438 (35.8%) were attending elementary school, 458
(37.4%), middle school, and 329 (26.9%), high school. Overall,
569 students (46.4%, boys 52.4%, median age 13, IQR 11-16) re-
sided in the NR, and 656 (53.6%, boys 47.1%) resided in the SR
(Table 1).
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Fig. 2. The sensitization rate to Japanese cedar pollen by residential areas and
schools attended. Numbers indicate proportions (%). *P=0.839; **P=0.029.

Table 4. Japanese cedar pollen season in Jeju

Japanese cedar pollen detected in the atmosphere

Area Year
Start Peak End Duration, days

JejuCity 2011 Feb 23 Mar12  Apr7 43
2012 Febb Mar 1 Apr10 65
2013 Jan29  Feb28  Aprd 65
Seogwipo 2011 Feb 17 Mar 1 Apr 5 47
City 2012 Jan 30 Mar 3 Apr 11 72
2013 Jan 13 Feb 21 Apr 18 95

Table 5. The prevalence of Japanese cedar pollinosis in Jeju, estimated by the
presence of pollinosis symptoms during the pollen season

Total, N=1,225 JC sensitized, N=215

NR,N=569 SR, N=656 NR, N=59 SR, N=156
Feb 3.2% 6.7% 30.5% 28.2%
Mar 3.2% 3.7% 30.5% 15.4%
Apr 49% 76% 475% 32.1%
Feb-Apr* 5.3% 11.3% 50.8% 47 4%

*P<0.001 in total; P=0.760 among the JC sensitized.
NR, residents of Jeju City; SR, residents of Seogwipo City.

The sensitization rate was highest for house dust mites fol-
lowed by JC pollen (17.6%). The participants from the SR showed
a higher rate of atopy than those from the NR (50.6% vs 41.1%,
P<0.001). The sensitization rates for the individual aeroaller-
gens, mold II, JC, pine, willow, and birch pollens were higher in
the SR than in the NR (P<0.05, respectively) (Table 2).

The sensitization rates for JC pollen were highest among the
outdoor aeroallergens tested, and identical between sexes, but
significantly increased with school grade (P=0.010). Those
were significantly higher in the SR (156 sensitized, 23.8%) than
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Fig. 3. The actual counts of Japanese cedar pollen collected in Jeju City (A) and Seogwipo City (B) from 2011 (upper)-2013 (lower).

in the NR (59, 10.4%) (P<0.001) (Table 3). According to their
school level, a significant increment in the sensitization rate for
JC pollen with age was observed only in participants from the
SR (Fig. 2).

The JC pollen season was estimated from 2011 to 2013. In the
SR, the JC pollen season lasted for 47 days in 2011, 72 in 2012,
and 95 in 2013 in the SR, and in the NR for 43 days in 2011, 65 in
2012, and 65 in 2013 (Table 4). The JC pollen season started ear-
lier and lasted longer in the SR than in the NR. For pollen
counts measured on the peak days, the level of JC pollen in the
atmosphere in the SR was estimated to be 2-8 times higher than
that in the NR (Fig. 3). Despite the yearly variations, JC pollen
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season in Jeju can be considered from late January to mid-April.

Of 1,225 participants, 104 were sensitized to JC pollen and had
symptoms of pollinosis in the JC pollen season in Jeju. The
prevalence of JC pollinosis was estimated to be 8.5%. The prev-
alence differed significantly between the NR and SR (5.3% vs
11.3%, P<0.001). The difference was mainly related to the dif-
ference in sensitization rates in the 2 regions (Table 5).

During the JC pollen season, there was a difference in the
mean temperature between the geographic regions. The mean
temperature during the main efflorescence season for JC pollen
was higher by 2.0°C in February and by 1.9°C in March in Seog-
wipo City than in Jeju City (Fig. 4).
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Fig. 4. The monthly mean temperature during Japanese cedar efflorescence
season in Jeju City and Seogwipo City.

DISCUSSION

Among several cities in Korea for which pollen counts are
monitored, JC pollen is detected only in Jeju. Consequently, the
sensitization rates for JC pollen are much higher (33.8%) in Jeju
than in Seoul (1.1%) and Suwon (0.7%).* JC pollen is the most
frequent sensitizer among the outdoor aeroallergens found in
Jeju.>®

In Japan, JC pollinosis has been investigated in depth. Due to
the systemic afforestation after World War II, JC pollen is the
major allergen contributing to most prevalent seasonal allergic
rhinitis.” JC pollen triggers pollinosis more commonly than
other pollens primarily because of its physical characteristics: a
large amount of pollen is released, it disseminates further, and it
stays longer in the air.’ In recent years, the amount of pollen in
the atmosphere has increased, which is associated with an in-
crease in sensitization rates with age.'’ The prevalence of JC pol-
linosis has also been increasing, and as expected, is significantly
correlated with the increment in sensitization rates." Up to one-
third of the Japanese population suffers from JC pollinosis in
early spring, and it is considered a national affliction in Japan.?

According to the recently updated calendar of allergenic pol-
len levels in Korea, pollens from birch, alder, pine, and juniper
are also observed in early spring (February-March) in Jeju. The
sensitization rates for these pollens, which were studied with a
commercially available tree pollen mixture (alder, elm, hazel,
poplar, willow, beech, birch, oak, and plane), were shown to be
trivial,® as we also showed in this study. The atmospheric con-
centrations of pollen other than JC pollen are expected to be
relatively low® because relatively fewer of these trees have been
planted in Jeju.

The sensitization rate for JC pollen has been increasing year
by year. In 1998, the sensitization rate for JC pollen was 9.7%,"
which rose to 18.2% in 2008,* 17.6% in 2010, and 24.4% in 2013
among schoolchildren in Jeju (unpublished data from the Envi-
ronmental Health Center). Undoubtedly, the pattern of sensiti-
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zation is following that seen in Japan. In this study, the sensiti-
zation rate to JC pollen increased with age and school grade.
There could be 2 opposite explanations for a higher sensitiza-
tion rate in the older inhabitants of a geographic region, pre-
suming no mass influx in population. First, a longer environ-
mental exposure to an allergen may make atopic individuals
more likely to be sensitized with increasing age, so sensitization
could be cumulative. Alternatively, a recent decrease in the lev-
el of an allergen in the environment could result in less frequent
sensitization in the younger population.

In Jeju, the sensitization rates for only some pollens increased
with participant age. The sensitization rate for Japanese hop
pollen and early flowering trees actually decreased with age.’
The rate of sensitization to JC among schoolchildren in Jeju has
undoubtedly increased over time, and as postulated above, a
higher rate of sensitization in the older participants might be
related to their longer cumulative environmental exposure to
pollen. Interestingly, the age-related increment in sensitization
was observed in the Seogwipo City residents, but not in the Jeju
City residents. This could be related to the difference in climate
between the 2 geographical regions.

Why is the rate of sensitization to JC pollen increasing? Roles
are hypothesized for global climate change, forest growth, or air
pollutants.” There may be 2 ways that global climate change
could influence human health: an indirect effect by increasing
the average temperature, and a direct effect caused by CO.-in-
duced stimulation of photosynthesis and plant growth.'*'®
Warmer weather evokes earlier flowering, more effective pollen
scattering in the air, and a prolonged efflorescence season.'*"®
Monitoring has shown an increasing mean temperature in Jeju
since 1990."” The temperature gradient in early spring between
the 2 regions, although they are just 30 km apart, might be
caused by the different ocean currents and the effect of Halla
Mountain (1,950 meters above sea level), situated between
them. The results of the current study support the hypothesis
that any global warming, especially in the flowering season,
might increase further the rate of sensitization to JC pollen in
future, which results in a greater prevalence of pollinosis.

A population-based prevalence of pollinosis to a specific pol-
len is difficult to estimate without mass provocation testing with
the pollen. Although changes in sensitization rate and preva-
lence correlate significantly," a cross-sectional study found that
the sensitization rate is not the same as the prevalence due to
the presence of asymptomatic sensitized individuals. In this
study, the population-based prevalence of JC pollinosis was es-
timated on the basis of the number of JC pollen sensitized indi-
viduals who had rhinitis symptoms in early spring. The propor-
tion of pollinosis evoked by pollens other than JC pollen seems
to be negligible due to the markedly lower concentration of and
lower sensitization rate to other pollen.*® The prevalence of
symptomatic JC pollinosis is estimated to be half that of JC pol-
len sensitization, regardless of the residential region, which is a
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figure that can be applied in future studies.

There are some limitations to this study. Climatic variables
other than temperature, such as wind speed, wind direction,
and precipitation during the efflorescence season, might influ-
ence the pollen counts. Higher rainfall or higher humidity is
considered to have a negative effect on pollen scattering. Final-
ly, we can suggest no explanation as to why increasing sensiti-
zation rates with age were observed only in the Seogwipo City
residents. Sequential monitoring should provide an answer.

In conclusion, JC pollen is the major outdoor allergen that
causes early spring pollinosis in Jeju. The JC pollen season is
from late January to mid-April. Warmer weather during the
flowering season scatters more JC pollen in the atmosphere, re-
sulting in more sensitization in atopic individuals, and as a con-
sequence, making JC pollinosis more prevalent. This is the first
study addressing the relationship between pollen counts, sen-
sitization rate, and the prevalence of JC pollinosis in Jeju, Korea.
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