ﬁ 4 (BHEAR) NTOI-IIQAM§MATD §HXI—i)F{afA_F{ }?H_AAN (1987 4210 A 20 ) \

¥ FOEOE b (3R )

#oALRE F o5 K HI1NE

FALE G o B AP 2020423 H 20 H

FALER G o B RIS 4 555 1 R

AL G 3L B B Association of bioaerosols in outdoor air with Asian dust events and emergency
department visits for asthma in Kyoto, Japan
(REKHAAF T 1 VO ERYEIGE JORE I3 Dl Rl L HREE
HRE2EDRER)

W A E AR B #ROE L WM&
EHf &% /o B HE &
B # &% & 2z

N O B R

Introduction

Bioaerosols are suspended airborne particles comprising microorganisms and organic materials originating
from living organisms. An Asian dust event is a meteorological occurrence in which the dust particles from desert
areas in Mongolia and northern China are transported east by the prevailing westerlies, and several studies have
revealed that bacteria and fungi attach to the dust particles. Endotoxin or lipopolysaccharide is the major
component of the outer membrane of Gram-negative bacteria, and epidemiological studies have indicated that
indoor endotoxin exposure is associated with the exacerbation of asthma. Asthma is an allergic disease and
triggered by allergens, and allergenic protein originating from fungi and pollen have been detected in outdoor air.
These studies suggest that atmospheric endotoxin and protein may be associated with asthma exacerbation.
However, there were few reports on the long-term levels of endotoxin and protein in the outdoor air of Japan and
the association of these biological substances with asthma. In the present study, the author attempted to clarify the
association of atmospheric endotoxin and protein levels with Asian dust events at Kyoto in Kyoto Prefecture and
Sasebo in Nagasaki Prefecture, Japan. Then, the author tried to find out the association between the endotoxin and
protein levels in outdoor air and emergency department visits for asthma in Kyoto.

Chapter I: Relationship of Asian dust events with atmospheric endotoxin and protein levels in Kyoto and
Sasebo, Japan, in spring

To explore the relationship of Asian dust events with endotoxin and protein levels in outdoor air, total
suspended particles (TSP) were collected daily in the Asian dust season, from March to May, in 2015 in Kyoto (70
days) and Sasebo (69 days), and endotoxin and protein were analyzed by the kinetic chromogenic limulus
amebocyte lysate (LAL) method and the Micro BCA assay, respectively. Sasebo is a city located on the
westernmost tip of Japan and experiences frequent and severe Asian dust events. At both locations, the
concentrations of TSP, water-soluble Ca?*, endotoxins, and proteins were high during and after Asian dust events



recorded by the Japan Meteorological Agency (JMA). The concentration of Ca?*, which is an indicator mineral of
soil in dust and was analyzed by ion chromatography, showed a strong positive correlation with the concentrations
of TSP (Sasebo: r = 0.827, p < 0.01; Kyoto: r = 0.810, p < 0.01) and endotoxin (Sasebo: r = 0.679, p < 0.01;
Kyoto: r = 0.707, p < 0.01), while the protein concentration was moderately positively correlated with Ca?* in
Sasebo (r=0.588, p < 0.01) and Kyoto (r = 0.541, p < 0.01). The fluctuation of endotoxin concentration was large
at each place (Sasebo: 0.0014-0.266 EU/m?®; Kyoto: 0.0004-0.105 EU/m?), and high concentrations were found in
Sasebo on many days. In contrast, protein concentration showed low levels of fluctuation (Sasebo: 0.90-5.61
ug/m®; Kyoto: 0.47-6.78 ug/m®), and no major differences were found in two places. The results of backward
trajectory analysis indicate that the air masses containing high levels of endotoxin have traveled through desert
areas in China and Mongolia and have reached to Sasebo and Kyoto. These results suggested that the
concentration of endotoxin strongly correlated with Asian dust events.

Chapter II: Association of endotoxin and protein with emergency department visits for asthma in Kyoto,
Japan

To assess the association of atmospheric endotoxin and protein with asthma, the author analyzed endotoxin
and protein in fine (aerodynamic diameter <2.5 um) and coarse (> 2.5 pum) particles, which were weekly collected
in Kyoto from September 2014 to May 2016 (77 weeks), and obtained data on emergency department visits for
asthma at a hospital in Kyoto. The concentration of endotoxin in coarse particles (0.0004-0.0292 EU/m®) was
markedly higher than that in fine particles (0.00003-0.01279 EU/m®), and endotoxin concentration in both
particles was high in autumn months including September 2014 and 2015. Asian dust events were found in
February, March, and June in 2015 and April in 2016 by JMA, and endotoxin levels in particles collected for
weeks including these days were high. On the other hand, the protein concentrations in fine particles
(0.17-5.09 ug/m?3) were markedly higher than that in coarse particles (0.02-0.46 ug/m?), and protein concentration
in fine particles was high in spring months. There were 1 to 15 emergency department visits for asthma per week,
and the number of visits increased in the autumn and spring, namely many weeks in September, October, and
April. The author evaluated the influences of the concentrations of airborne particles, endotoxin, and protein in fine
and coarse particles on the emergency department visits for asthma by generalized linear models to fit a Poisson
regression to adjust for meteorological factors, which might be associated with asthma exacerbation. After
adjusting for meteorological factors, the concentrations of coarse particles and endotoxin in both particles were
found significant factors on emergency department visits for asthma; regression coefficients and p values were as
follows: coarse particles, 0.044, p < 0.01; endotoxin in fine particles, 59.792, p < 0.01; and endotoxin in coarse
particles, 29.637, p < 0.01. In contrast, the concentration of protein did not show any association with emergency
department visits for asthma. These results suggested that atmospheric coarse particles and endotoxin are
significantly associated with an increased risk of asthma exacerbation.

Conclusion:

This study strongly suggests that Asian dust events increase the concentrations of endotoxin and protein in
outdoor air in spring in Japan. Moreover, endotoxin in outdoor air exacerbate asthmatic symptom. Atmospheric
endotoxin exists on airborne particles and is suspending in outdoor air. These findings help to understand
scientifically adverse effects of airborne particles and a mean to avoid asthma exacerbation, such as reducing



airborne particles inhalation by wearing a mask.
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