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Abstract

Background: In Japan, pollen counts increased between 1977 and 1987,
including three peaks (1978-1980, 1982, 1984-1986) coinciding with Kawasaki
disease (KD) outbreaks. KD and related diseases may be related to pollen
exposure (PE).

Methods and Results: To elucidate the effects of PE on outbreaks of
intractable muscular diseases and vasculitis syndromes, we evaluated the
annual occurrence of disorders in relation to pollen counts using data from a
national database. Specifically, we evaluated the occurrence of idiopathic dilated
cardiomyopathy (IDCM), myasthenia gravis (MG), polymyositis/dermatomyositis
(PM/DM), Takayasu arteritis (TAK), granulomatosis with polyangiitis (GPA), and
periarteritis nodosa (PAN). While we did not observe increased disease rates
during the first pollen count peak (1978-1980), increased rates of all evaluated
diseases were observed during the 1982 and 1984-86 peaks. Furthermore,
simultaneous outbreaks coincided with 10pollen count peaks between 1988 and
2013. We observed significant correlations between the annual number of newly
registered patients (nRPs) with IDCM, MG, PM/DM, and PAN and annual pollen
levels (PL). Significant correlations were also observed between nRPs and the
annual PL measured with a lag of 2 years for IDCM and GPA, 1-4 years for
PAN, and 6 years for MG, PM/DM, TAK, GPA, and PAN.

Conclusion: Data suggest that the cumulative effects of PE within 6 years
prior to diagnosis might possibly trigger onset of muscular specific intractable
diseases.

Keywords: Ildiopathic Dilated Cardiomyopathy (IDCM); Myasthenia Gravis
(MG); Polymyositis/Dermatomyositis (PM/DM); Muscular Specific Intractable
Diseases; Takayasu Arteritis (TAK); Granulomatosis with Polyangiitis (GPA), and
Periarteritis Nodosa (PAN); Kawasaki Disease (KD); Pollen Levels (PL); Pollen
Exposure (PE); Tokyo Metropolitan; Sagamihara City of Kanagawa Prefecture

other types of cardiomyopathy (hypertrophic cardiomyopathy
and restrictive cardiomyopathy) have been registered as specific

IDM: Idiopathic Dilated Cardiomyopathy; MG: Myasthenia
Gravis; PM/DM: Polymyositis/Dermatomyositis; TAK: Takayasu
Arteritis; GPA: Granulomatosis with Polyangiitis; PAN: Periarteritis
Nodosa; SIDs: Specific Intractable Diseases; KD: Kawasaki Disease;
PIDs: Pollen-Induced Diseases; Present RPs: Presently Registered
Patients; Newly RPs: Newly Registered Patients; AP: Airborne Pollen;
PL: Pollen Levels; PE: Pollen Exposure.

Introduction

Idiopathic dilated cardiomyopathy (IDCM) is one of the
most common cardiovascular diseases [1,2]. Both IDCM and two

intractable diseases (SIDs) in Japan [3]. IDCM can be diagnosed only
after differential diagnosis regarding cardiac failures such as various
types of cardiomyopathy and myocarditis [4]. There is evidence that
infants with an allergic constitution may be more susceptible to
Kawasaki disease (KD), a systemic vasculitis related to IDCM [5-10].

Previous studies on KD have evaluated the relationship between
development of this disease and weekly, monthly, and annual
airborne pollen (AP) exposure [6-10]. During 1977-1987, KD
patients in all of Japan, specifically in Tokyo and Kanagawa, showed
triphasic outbreaks of KD (1978-79, 1982, 1984-86), with the highest
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peak in 1982. These outbreaks coincided exactly with triphasic peaks
of AP release [6,9,10]. KD may be a pollen-induced delayed-type
hypersensitivity disease, and suppressed onset may be observed
during influenzaepidemics [6-10].

Successive epidemiological studies have evaluated the occurrence
of another vasculitis, Takayasu arteritis (TAK) [11]. Research has
shown an increase in TAK occurrence starting in 1984,based on data
from national databases for presently registered patients (present
RPs), defined as the total patient-registry number in each fiscal year,
and newly registered patients (newly RPs), defined as the difference
between the total patient-registry number in each fiscal year as
compared to the previous year. This research helped distinguish
sudden TAK outbreaks, involving 590 newly RPs in 2,985 present RPs
in justl year (1984).

Continued epidemiological research has been conducted
regarding approximately40 SIDs to clarify the relationship between
the annual occurrence of SIDs and annual AP exposure during
1974-2014. This research specifically evaluated vasculitis syndromes
such as TAK, Behget’s disease, Buerger’s disease or thromboangiitis
obliterans, granulomatosis with polyangiitis (GPA), and periarteritis
nodosa (PAN), as well as connective tissue diseases accompanying
autoimmune diseases such as systemic lupus erythematosus (SLE),
rheumatoid vasculitis, scleroderma, sarcoidosis, and pemphigus, and
aplastic anemia [11]. A 2019 study further evaluated the occurrence of
digestive disorders including inflammatory bowel disease, ulcerative
colitis (UC), Crohn’s disease (CD), primary biliary cirrhosis (PBC),
fulminant hepatitis, and severe acute pancreatitis, as well as interstitial
pneumonia, idiopathic thrombocytopenic purpura, amyloidosis and
a plastic anemia [12].

We now further report this research with a manuscript concerning
muscular intractable diseases such as IDCM, myasthenia gravis, and
polymyositis/dermatomyositis (PM/DM) and the disorders TAK,
Behget’s disease, Buerger’s disease, GPA, and PAN, and a plastic
anemia, too, which are reported to be associated with these muscular
diseases, as cited below. Previous studies have reported on the relation
between IDCM and TAK [13], inflammatory dilated cardiomyopathy
(DCM) andeosinophilic GPA [14], and autoimmune or auto-
inflammatory diseases and myocarditis, such as sarcoidosis, Behget’s
disease, eosinophilic GPA, myositis, and SLE [15].

In this research, we examined the relationship between upward
peaks of AP released in the Bunkyo-City area of Tokyo, in the whole
area of Tokyo Metropolitan, and in Sagamihara City of Kanagawa
Prefecture in relation to the increase in the annual number of
newly RPs during 1974-2014. The aim of our study was to evaluate
the associations between AP exposure peaks and the occurrence of
immune-related, principal 40 SIDs including IDCM, MG, PM/DM,
vasculitis syndrome, connective tissue diseases, gastroenterological
diseases, neuro intractable diseases and so on in Japan. We
hypothesized that these immune-related diseases might belong to
the class of pollen-induced diseases (PIDs), or “pollen diseases,”
because so far accumulated data have suggested that these conditions
may be triggered when susceptible patients receive AP exposure that
exceed the pollen-responsive threshold of the individuals, and reach
a starting line to development of diseases.

Materials and Methods

Since 1974, the Japanese governmental authority (JIDRF) has
assigned certificates to SID patients to support their treatment
financially following registration in a national database [3]. The
homepage of the JIDRF reports the “numbers of recipient certificates
issued for specific disease treatment” based on registration beginning
in 1974 or 1975, 1983 or 1984, and so on until 2014. The data show the
number of presently RPs in the current fiscal year as well as the number
of newly RPs relative to the previous fiscal year for all the major
SIDs. These increments could be negative if the number of presently
RPs in the present fiscal year was smaller than that in the previous
fiscal year, which occurs occasionally. Since KD is not included in
the list of SIDs, the number of KD patients in every calendar year
was downloaded from the homepage of the Department of Public
Health at Jichi Medical University [16]. This study was performed in
accordance with the ethical principles for medical research outlined
in the Declaration of Helsinki 1964 and subsequent revisions (https://
www.wms.net/).

Data on AP release were provided by Dr. Yozo Saito, Dr. Hiroshi
Yasueda, and Professor Norio Sahashi. Dr. Saito gathered the AP
data from data at the research unit in the Tokyo Medical Dental
University Graduate School of Medicine, Bunkyo-City, Tokyo, and
Dr. Yasueda surveyed AP data based on the research at the National
Hospital Organization Sagamihara National Hospital, Sagamihara,
Kanagawa. The AP data in Tokyo Metropolis were collected from 12
sites in Tokyo and were donated by Mr. Hiroshi Kaneko. The AP data
were downloaded after administrative information disclosures from
the website of the Tokyo Metropolitan Institute of Public Health [17].

In the present study, data of numbers of SID patients in all the
Japan were imported into tables in Microsoft Excel. This data was
used to create figures of line graphs for each SID. These figures
represent annual numbers of presently RPs as well as newly RPs, and
the scattered pollen counts in three areas in Japan (the Bunkyo-City
area of Tokyo, the whole area of Tokyo Metropolitan, and Sagamihara
City in Kanagawa).

A correlation analysis was performed for each SIDs, to evaluate
the association between the annual number of newly RPs in each
patient-registry year “x” during 1974-2014, and the annual amount
of AP levels in Tokyo and Sagamihara, measured in the same year
as the patient-registry data. A correlation shift analysis was also
performed between the annual number of newly RPs in each patient-

«_»

registry year “x” between 1975 and 2014 and the annual AP levels
in both cities measured “a” years prior to the patient-registry year
“x”(“a”’=1~20). Correlation coefficients and p values were calculated
using the Excel function PEARSON via the method described in the
brochure http://imnstir.blogspot.com/2014/04/p.htm. A statistically
significant positive correlation was defined as p<0.05. Marginally
significant associations that indicated a possible positive tendency

(0.05<p<0.10) were also reported for reference.
Results

Occurrence of Upward Peaks in the Line Graphs of the
Annual Number of Newly RPs for Ten SIDs in Relation to
the Annual Levels of AP Scatter

The five line graphs in our figures for muscular SIDs, IDCM
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Figure 1: Numbers of patients with idiopathic dilated cardiomyopathy and scattering pollen from 1975 to 2014. The line graphs for idiopathic dilated cardiomyopathy
representing numbers of present registered and newly registered patients in each year, as well as the amount of pollen scattered in Bunkyo-ku, Metropolitan Tokyo
and Sagamihara city during the period from 1975 to 2014. Numbers of patients are shown on left axes whose scales are black reduced numbers to newly registered
patients and (blue actual numbers) to present registered patients. Pollen numbers are shown on right axes whose scales are counts/cm?. The remainder of the
text is the same as in this sentence (Figures 2-6).
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Figure 2: Numbers of patients with myasthenia gravis and scattering pollen from 1975 to 2014. The line graphs for myasthenia gravis representing numbers of
present registered and newly registered patients in each year, as well as the amount of pollen during the period from 1975 to 2014.
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Table 1: Statistical relationships between the number of newly RPs in each patient-registry year and AP levels measured in the same year or prior to the patient-registry
year. A correlation analysis between the annual number of newly registered patients in each patient-registry year “x” (“x’=1975~2014), and the annual amount of
airborne pollen levels in Tokyo (T) and Sagamihara (S), measured in the same year as the patient-registry year “x”, and measured “a” years before the patient-registry
year “X” (“a”=1~20), for idiopathic dilated cardiomyopathy, myasthenia gravis, polymyositis/dermatomyositis, Takayasu arteritis, granulomatosis with polyangiitis and
periarteritis nodosa. In this Table, the data in the case of “a’=1~20 are shown.

a IDCM MG PM/SM TAK GPA PAN
T 5.46519 x 10° 0.030903 0.017807 0.065831 0.04033
0
s 2.79084 x 10° 0.207568 0.101602 0.082615 0.001571
.
1
s 0.161155 0.006352
T 0.07373
2
s 0.027477 0.015041 0.009745
T 0.102838 0.052622 0.052699
3
s 0.103648 0.083169 0.001853
.
4
S 0.020711
.
5
s 0.10526
T 0.009246 0.003182 0.03275 0.072459 0.009669
6
s 0.000463 0.000449 0.23617 0.000413 1.65E-05 x 10

(Figure 1), MG (Figure 2), PM/DM (Figure 3), and the disorders
TAK, Behget’s disease, Buerger’s diseas and a plastic anemia (Figure
4), GPA (Figure 5), and PAN (Figure 6) consist of two line graphs
visualizing the annual patient-registry data for presently RPs and
newly RPs, and three line graphs visualizing the annual amount of
AP scatter measured in three geographical areas. Our earlier research
report regarding 11 SIDs showed only two line graph indicating
change in the numbers of presently RPs and newly RPs for vasculitis
syndrome and connective tissue disorders (including TAK, Behget’s
disease, Buerger’s disease, GPA, PAN, SLE, rheumatoid vasculitis,
scleroderma, sarcoidosis, pemphigus) and a plastic anemia, occurring
between 1974 and 2014 [11].

IDCM was registered as an SID in Japan starting in 1984, and the
annual patient-registry data were then released to the public domain.
From 2015-2018, in addition to IDCM, data regarding the numbers
of patients with hypertrophic cardiomyopathy and restrictive
cardiomyopathy were also newly released to the public domain.
From our calculation, the percentages of IDCM, hypertrophic
cardiomyopathy, and restrictive cardiomyopathy were 84.7%, 15.1%,
and 0.2%, respectively. Between 2015-2018, data regarding patients
with PM/DM were also newly released to the public domain, along
with an announcement that scleroderma data between 1974 to 2014
hadincluded both sclerodermaand PM/DM grouped together because
of administrative sorting protocols. Looking at the epidemiological
data from 2015 to 2018, separating the number of PM/DM and
scleroderma patients, published by the MHLW, the number of PM/
DM and scleroderma patients was almost 50-50 (42.7% and 57.3%,
respectively). Therefore, Figure 3 shows the relationship between
the total number of patients with PM/DM and scleroderma and the
amount of pollen dispersal, and can be interpreted as a graph showing
the relationship between the number of PM/DM patients and the
amount of pollen dispersal.

Figure 1 shows 11 phasic increments in patient-registry data
for newly registered IDCM patients concomitantly with AP scatter
increases during1975-2014 (specifically, during 1984-86, 1988, 1990-
91, 1993, 1995, 1997-98, 2000-03, 2005, 2008-09, 2011 and 2013).
Simultaneous increases in the occurrence of MG, PM/DM, TAK,
Behget’s disease, Buerger’s disease, a plastic anemia, GPA, and PAN
also took place concomitantly, as represented in the line graphs, in
relation to upward peaks in annual AP levels in either the above
mentioned years or following a 1- or 2-year delay, with the exception
of a few peaks that did not follow this pattern (Figure 2,3,4,5 and 6).
Lags of 1-2 years (i.e. delayed peaks) were reported for each SID [12]:
as observed in the graph for KD in 1987, 1989, 1992, 1994, 1996, 1998,
2006, and 2007 [12].

During the four decades of 1974-2014, we first observed
simultaneous peaks of AP scatter and outbreaks of MG, PM/DM,
TAK, Behget’s disease, Buerger’s disease, a plastic anemiaand GPA
in 1984-1986 (Figure 2,3,4, and 5). In the case of PAN, earlier
concurrent peaks were found in 1982 and 1985 (Figure 6). In Figure 1,
we noticed that simultaneous outbreaks of IDCM were quite closely
concurrent with seven upwardAPpeaks starting in 1995 and through
2013.As shown in our line graphs (Figure 1-6), the amount of cedar
pollen scatter in both Sagamihara City and Bunkyo-City started to
increase during 1977-87, showing three distinct peaks (1978-80, 1982,
1984-86). Steady increases in annual numbers of both presently and
newly RPs were observed for MG, PM/DM, and PAN (Figure 2,3,
and 6), and slow increases and sometimes decreases in those were
observed for TAK, Behget’s disease, Buerger’s disease, and a plastic
anemia (Figure 4) starting in 1978-1980 and continuing up to 2014,
concurrent with a consecutive series of 13 upward AP peaks in the
above mentioned years. For IDCM and GPA, earlier incremental
peaks may have been detected around 1980, had the registration
begun in 1974. These findings suggest that the occurrence of each SID
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Table 2: Peaks of occurrence of SIDs in Japan between 1974 to 2014. Concurrent occurrence of upward peaks in line graphs for annual numbers of newly registered
patients, and for annual levels of airborne pollen scatter, for idiopathic dilated cardiomyopathy, myasthenia gravis, polymyositis/dermatomyositis, Takayasu arteritis,
granulomatosis with polyangiitis and periarteritis nodosa.

Figure. No 1 2 3 4 4 4 4 5 6
Years of
pollen peaks and IDCM GM PM/DM TAK Behcet's disease | Buerger’s disease |aplastic anemia| GPA PAN
next years
1978-79, 1980 * o o o o o o o o
1982, 1983 * o o ° o o o o
1984~86, 1987 o o o o o o o o o
1988, 1989 o o o o o o o o
1990-91, 1992 o o o o o o o o o
1993, 1994 o o o o o
1995, 1996 o o o o o o o o
1997-98 o o o o o o o o
2000~03 o o o o o o o o o
2005, 2006 o o o o o o o o o
2008~09 o o o o o o o o o
2011, 2012 o o o o o o o o
2013, 2014 o o o o o ° o o
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Figure 3: Numbers of patients with polymyositis/dermatomyositis and scattering pollen from 1975 to 2014. The line graphs for polymyositis/dermatomyositis
representing numbers of present registered and newly registered patients in each year, as well as the amount of pollen during the period from 1975 to 2014.
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Figure 4: Numbers of patients with Takayasu arteritis, Behget's disease Buerger’s diseaseand aplastic anemia, and scattering pollen from 1975 to 2014. The line
graphs for Takayasu arteritis (upper left), Behcet's disease (upper right), Buerger’s disease (lower left) and aplastic anemia (lower right) representing numbers of
present registered and newly registered patients in each year, as well as the amount of pollen during the period from 1975 to 2014.

appeared to start simultaneously and to increase concurrently with
pollen scatter in Japan from the latter half of the 1970s until the early
2010s.

Statistical Relationships between the Number of Newly
RPs in Each Patient-Registry Year and AP Levels Measured
in the Same Year or Prior to the Patient-Registry Year

We examined the statistical correlations between the annual
number of newly registered in each patient-registry year “x”
(“x”=1975-2014) for six SIDs and the corresponding annual AP levels
in Tokyo and Sagamihara, measured in the same year as the patient-
registry data “x” as well as measured with a lag of “a” years before the
patient-registry year “x” (“a”’=1-20). Statistically significant positive
correlations were indicated by p values <0.05, and after deletion of
(shown inred in the figures), and marginal associations were indicated
by p values between 0.05 and 0.100.Reference data of associations

with p values slightly greater than p=0.10 are also indicated in (Table

1). Only p values in “a=0-6" are shown which were gotten by this
calculation in this (Table 1).

Our results showed statistically significant correlations between
[the number of newly RPs in the patient-registry year “x” (abbreviated
as Nos in “x” below in this column)] and the amount of AP exposure
measured in Tokyo in the same patient-registry year “x” for IDCM,
MG, PM/DM, and PAN. Similarly, significant correlations were
shown for IDCM and PAN between Nos in “x” and AP exposure
measured in Sagamihara, in the same patient-registry year “x”. It is to
be noted that highly graded positive p values were obtained for IDCM
because there was the highest level of distinct consistency between
the two peaks of the annual number of newly RPs and annual AP
levels in both Tokyo and Sagamihara for this outcome (in 1995, 1997,
2000-2003, 2005, 2008-09, 2011 and 2013). Further, regarding IDCM,
“x” and the AP

exposure measured in Sagamihara, 2 years prior to the patient-

significant correlations were found between Nos in
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Figure 5: Numbers of patients with granulomatosis with polyangiitis and scattering pollen from 1975 to 2014. The line graphs for granulomatosis with polyangiitis
representing numbers of present registered and newly registered patients in each year, as well as the amount of pollen during the period from 1975 to 2014.
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Figure 6: Numbers of patients with periarteritis nodosa and scattering pollen from 1975 to 2014. The line graphs for periarteritis nodosa representing numbers of
present registered and newly registered patients in each year, as well as the amount of pollen during the period from 1975 to 2014.
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registry year “x” reflecting the patient’s peaks in 1997 and 2007. We
also found significant correlations for a variety of SIDs between Nos
in “x” and AP exposure measured in Tokyo, “a” years prior to the
patient-registry year “x” (MG, “a”’=6 and 16; PM/DM, “a’=6 and
16; TAK “a”=6 and 16; GPA, “a’=9 and 13; PAN, “a”=6, 9 and 11).
Similarly, significant correlations were shown for a variety of SIDs

« _»

between Nos in “x” and the AP exposure measured in Sagamihara,
“a” years prior to the patient-registry year “x” (MG, “a’=6 and 16;
PM/DM, “a”=6 and 16; TAK “a”=16; GPA, “a”=2,6,8,9, and 13; PAN,
“a’=1,2,3,4,6,8,9, and 11). There were many positive tendencies
observed for “a”=0 to 6, 8-9, 11 to 14, 16, and 18, as in part shown
in Table 1, which may be part of a pattern of a general correlation
between triggering of pollen exposure and occurrence of muscular

and vasculitis-related SIDs.
Discussion

Earliest Outbreaks of Multiple SIDs in 1982-86, associated
with Increasing AP Release

Airborne pollen levels in Japan began to increase rapidly between
the years 1977 and 1987. At this time, the occurrence of KD in Tokyo,
Kanagawa, and throughout Japan increased greatly, with triphasic
out breaks in the years 1978-80, 1982, and 1984-86 that clearly
coincided with triphasic peaks of AP release in Japan. A large number
of immune-mediated SIDs, such as IDCM, MG, PM/DM, TAK,
Behget’s disease, Buerger’s disease, and a plastic anemia, showed
monophasic outbreaks, whereas GPA and PAN showed biphasic
outbreaks associated with increasing AP release in 1982-1986.

The difference in response between KD and the SIDs reported
here, including in younger people, maybe understood in the
context of the 1.5 million babies born each year at that time. Hence,
constitionally allergic infants and/or susceptible to vascular disorders
were supposed to be newly diagnosed with KD during the three peaks,
within 21.4 months after birth on average [8]. This can potentially
be explained by the effects of fast cumulative pollen exposure during
rather shorter period different from SIDs’ onset in adults who have
been continuing to receive pollen exposure for longer years from
birth.

The reasons for the large increase in the release of Japanese cedar
pollen, excluding global warming, were explained in our previous
paper [6,7,11,12]. Briefly, these reasons include special circumstances
such as Japan’s afforestation policy and the repercussions of economic
needs following World War II. Other reasons include the increase in
abandoned forests due to commercial prioritization.

KD and allergic rhinitis (pollinosis) triggered by pollen exposure
were first reported in Japan during the early 1960s, a period othigh
economic growth and increase in motorization. Cedar pollen release
started to increase rapidly, beginning in approximately 1978-79 and
continuing until 1988, with the highest peak in 1982 [6, 9,10].

This study confirmed that during the four decades spanning
1974-2014, the upward peak in 1982-1986 was the earliest peak with
concurrent outbreaks ofalarge number ofimmune-mediated diseases.
These include muscle diseases, IDCM, MG, PM/DM, and vasculitis
diseases, TAK, Behget’s disease, Buerger’s disease, GPA, PAN, and
a plastic anemia, as reported in this study, as well asautoimmune
diseases including connective tissue SIDs and gastroenterological

SIDs reported in previous studies [11,12].

Later Outbreaks of Multiple SIDs Associated with
Increasing AP Release in 1995, 1997-98, 2000-03, 2005,
2008-09, 2011, and 2013

The simultaneous outbreaks of a large number of immune-
mediated diseases associated with peaks of AP levels started in 1982-
86 and occurred again in 1996-98 after the largest AP scatter at that
time in 1995.This was followed by further outstanding outbreaks of
immune-mediated diseases occurring in 2000-03, 2005, 2007-09,
2011, and 2013.Such outbreaks of multiple SIDs associated with
increasing AP release are compatible with our observation that the
steady increase in annual numbers of both presently and newly RPs
for immune-mediated diseases continued up to 2014.

In our study, we hypothesized that a consecutive series of 13 AP
peaks in 1978-80, 1982, 1984-86, 1988, 1990-91, 1993, 1995, 1997-
98, 2000-03, 2005(the largest peak so far), 2008-09, 2011, and 2013
produced the cumulative effects of pollen exposure that might trigger
immune-mediated diseases, if those cumulative effects overwhelm
the immune-reactive threshold (pollen reactivity threshold) of each
individual for disease onset.

Statistical Relationships between the Number of Newly
RPs in Each Patient-Registry Year and AP Levels Measured
in the Same Year as or Prior to the Patient-Registry Year

We examined the relationship between increments in the number
of newly RPs with each disease and the amount of AP released in
Tokyo and Sagamihara in the same year. Our results showed that
the occurrence of IDCM, MG, PM/DM, and PAN was consistently
associated with AP release in the same year. In contrast, in our
previous cross-correlation(CC) study on the monthly volume of
pollen release at Sagamihara in Kanagawa and the change in KD
incidence, with a total of 6,000 cases occurring during 144 months
between 1991 and 2002, we found a significant positive CC with 9-
to 10-month delays following pollen release, a smaller but significant
CC with a 3- to 4-month delay, and a further significant positive CC
with 21- to 22-month and 33-month delays [8].

The increments in newly RPs with IDCM, GPA, and PAN were
also significantly correlated with AP exposure 1-2 years prior to the
collection of patient-registry year. Furthermore, associations for AP
exposure occurring 6 years prior to the patient-registry year were
distinct in the development of MG, PM/DM, TAK, GPA, and PAN.
There are many other significant correlations between the numbers
of newly RPs with each SID and AP exposure for each (8-16) year
prior to the patient-registry year, as described in the Results. It is
possible that the accumulation of experiences and memories of pollen
exposure in years much earlier than the six years immediately prior
to disease onset may effectively promote disease onset. These findings
show that the same pollen exposure can lead to vasculitis syndrome
in some people, ulcerative colitis in others, and Parkinson’s disease in
others. The starting point for disease onset is when pollen exposure
in a given year exceeds an individual’s threshold for pollen reactivity.
The time from the starting line to the onset of disease is assumed
to vary depending on the disease, with some diseases developing
immediately in the same year as the starting line, some developing
within 1-2 years, and others taking 6 years to develop. Factors that
determine the number of years required for the biological process
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from the starting point to disease onset in an individual may depend
on the individual’s genetic predisposition or on disease-specific
pathogenic factors. A clinical-epidemiological analysis of these issues
is awaited.

Regarding to TAK, between 2002 and 2003, the number of newly
RPs began to decrease drastically. (Figure 4) This may be because
a considerable number of KD diagnoses had already been made
among potentially susceptible individuals between 1978 and 1988; in
particular, the pool of female patients at risk of vasculitis may have
decreased. Significant statistical results showed that the preliminary
TAK group, whose pollen exposure exceeded the threshold for pollen
reactivity and who were at the starting line of disease onset, developed
Takayasu disease 6 years later. Behget’s disease, Buerger’s disease,
and a plastic anemia also showed a marked decrease in the number
of new patients in 2002-2003, as did TAK. Although an association
between pathogenesis dynamics of these three diseases and pollen
dispersal seems relevant as seen in the graphs and tables (Figure 4)
(Table 1), the correlation coefficients over the 40-year period are not
significant. For the three vasculitis syndromes, the accumulation of
previous pollen exposure exceeded the threshold as a result of the
1982-1984 mass pollen dispersal. Next, in 1984-1985, a remarkable
epidemiological fact was exposed: a large number of people in the
patient reserve group reacted simultaneously and developed the
disease. Therefore, in subsequent years, there was a long period of
steady decline with increase in the number of cases compared to the
previous year, which lowered the correlation between pollen exposure
and the number of patients who developed the disease. A number
of affected children with a predisposition to developing Kawasaki
disease developed Kawasaki disease after being exposed to large
amounts of pollen on three occasions. As a result, it is possible that
children with a predisposition to developing vasculitis syndromes
may have been prevented from developing other vasculitis syndromes
other than Kawasaki disease as they grew into adults. It is noteworthy
that the annual dynamics of Takayasu’s disease and Behcet’s disease
incidence (Figure 4) are not similar before 1982, but are very similar
in the period from 1982 to 2014. Therefore, the exploration of pollen
responsiveness and genetic characteristics of patients with these two
diseases has the potential to create new academic concepts.

Hypothetical Mechanisms underlying the Development
of KD and SIDs Due to Pollen Exposure, as well as
the Prevention and Monitoring Processes During the
Development of These Diseases

This article presents the first report on the epidemiological
correlation between the incidence of muscular SIDs and AP levels.
As described in the Introduction, the development of these SIDs is
reported to be co-occurring in patients in many papers. Pender et
al. published a review that proposed a unifying hypothesis regarding
CD8+ T-Cell deficiency, Epstein-Barr virus infection, vitamin D
deficiency, and steps to autoimmunity, which described that CD8+
T-cell deficiency is a feature of many chronic autoimmune diseases,
including but not limited to multiple sclerosis, rheumatoid arthritis,
SLE, systemic sclerosis, DM, PBC, UC, CD, bullous pemphigoid,
IDCM, MG, and pernicious anemia [18].

Our study indicated that common substances in pollen cells
seemed to be involved in the outbreaks of each SID, accompanied

with increased rates of cancer and malignant tumors [19,20] and KD
over the course of 40 years in Japan. It is critical to further analyze the
relationship between the onset of various SIDs, cancer and malignant
tumors, KD, pollinosis, and asthma triggered by AP exposure in a
large cohort study.

Clinical observations of symptomatic immune responses and
laboratory tests from the earliest stage of disease development or
even during the process of disease onset over the course of many
years of pollen exposure (starting from childhood, birth, or in utero)
are required.

Furthermore, to verify that these SIDs, including autoimmune
diseases, are commonly triggered by pollen exposure, we will need
to establish routine laboratory tests for useful diagnostic parameters
and to develop methods to track disease progression chronologically
in the acute phase or early in the disease course and during remission
or recurrence. For example, a clinical experimental study on a
lymphocyte stimulation test regarding blastoid transformation of
lymphocytes sensitized to specific antigenic constituents of pollens,
such as Cryjl and Cryj2, or other substances in SID patients is
desirable [21,22]. Alternative methods are required to measure auto
antibodies to several putative cross-reactive antigens from pollen in
patients with each type of SID.

Currently, it is extremely important to devise experimental
systems using animal models with an allergic constitution, so that
pollen exposure or pollen immunization in animals can cause DCM,
MG, PM/DM, KD, TAK, and other autoimmune diseases such
as collagen diseases and inflammatory bowel diseases. The circuit
processes by which pollen exposure promotes the development of
muscle disease are unknown. We hope therefore that future studies
will be conducted using experimental animal models of the four
muscle diseases caused by muscle contraction disorders discussed
in this paper to verify the experimental fact that pollen exposure
promotes the development of muscle diseases.

The immunological signals are transferred as immune-mediated
stress information from the mucosal organs via immune pathways to
the hypothalamic median eminence rich in histaminergic mast cells,
which is the brain center controlling immunological homeostasis.

The problems that remain to be solved are questions regarding the
antigen recognition mechanisms involved in triggering the systemic
inflammatory conditions induced by pollen exposure in patients with
immune-mediated SIDs. Our results suggest that pollen cells, living
microparticles with mitochondrial DNA that may affect essential vital
activities, lead to reactions in various tissues and cells in the human
body.

The following possibilities for disease development based on
the seasonal cause of pollen exposure are also considered. When
wind-pollinated pollen is dispersed and comes in contact with a host
human or animal, the airborne pollutants remain attached to airborne
pollen. An important issue is to clarify whether the substances that
contact the cellular substances of the immune sensors of human
cells and receptors such as toll-like receptors (TLRs) are the protein
components of the pollen itself, other macromolecules, low molecular
weight components, or airborne substances attached to the pollen.
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Signals generated at a new stage of cellular reactivity to the
pollen-airborne pollutants complex that exceeds a threshold level can
be assumed to be a new stimulus that triggers a further inflammatory
response, which is transmitted into the host cells and lands the host
at the starting line of the disease pathogenesis mechanism. And we
believe that the host will hurry or slow down on the path to the onset
of the disease.

During the annual and seasonal periods of heavy pollen dispersal,
the intensity of cellular stimulation by these the pollen-airborne
pollutants complexes increases, accelerating the rate of disease
onset, which may lead to the development of intractable diseases and
cancers. The lesson to be learned from epidemiological studies of
pollen exposure is that patients undergoing treatment or in remission
for incurable diseases or cancer may need to minimize their pollen
exposure on a daily basis to prevent recurrence or worsening of
symptoms.

Each year, the cellular response to the stimuli generated when
the pollen-airborne pollutants complexes come in contact with cell
surface materials is inflammatory, but we have hypothesized that
there are potentially compensatory biological agents that can also
mitigate this inflammation [17].

One such candidate compensatory substance we believe is FTS
nonapeptide (serum thymic factor, zinc-free thymulin). It is assumed
that upon stimulation of the pollen-airborne pollutants complexes,
FTS nonapeptide is presumably excised from some precursor to
counter the inflammation involved in pathogenesis.

Regarding IDCM and Myocarditis

Our research had demonstrated that our synthesized FTS
nonapeptide has remarkable protective effects in cardiomyopathic
[19,23,24] with the D-variant of
encephalomyocarditis (EMC-D) virus-induced myocarditis and
diabetes [25], as well as various other biodefense-related activities
in the animals models described below. For example, FTS was first
purified from blood as a serum thymic factor by Bach etal. in 1977 [26].
Around 1980, we examined the effect of FTS in a lethal experimental
allergic encephalomyelitis model of guinea pigs for a SID (multiple
sclerosis) and demonstrated its dramatic preventive effect against
lethality [27,28]. Based on these results, we further investigated the
diverse immunological and pharmacological activities and biodefense
effects of FT'S nonapeptides in the above mentioned cardiac models
[23,24] and various types of models of organ injury [19,29-42] and
aging model [43], and found marked or considerable protective effects
in many animal models. We observed that in a pollinosis model, FTS
nonapeptide had a strong effect at a dose of 1/1000, similar to that
of prednisolone for cedar-pollen-induced late nasal airway responses
in actively sensitized guinea pigs [44]. Therefore, we hypothesized
that FT'S nonapeptide may be a potent intrinsic antagonist that could
be used to protect against a wide range of inflammatory and aging
processes induced by pollen cell substances, various environmental
factors, and extrinsic drugs.

hamsters and in mice

In conclusion, if our findings are confirmed in further prospective
studies, patients with SIDs should be recommended to avoid pollen
exposure as much as possible for the purpose of preventing the
aggravation of symptoms or recurrences, as well as the co-occurrence

of other diseases. Pollen-avoidance prophylactic measures include
the precaution of wearing safety masks, goggles, and transparent
shields during pollen peaks from the early postnatal period, and of
installing air cleaners in homes, particularly during seasons with
large amounts of pollen release in spring and with small amount of
forerunning pollen release of cedar pollen in September to November
before next spring. These measures may help avoid or delay the first
onset of intractable diseases, including that in young infants who
have a potential risk of developing immune-mediated diseases, such
as KD and various juvenile SIDs [3].

To prevent the development of cancer and malignant tumors,
especially to delay the age of onset in people with cancer families, it is
important to reduce cumulative pollen reactivity and extend the time
to onset by reducing annual pollen exposure. For this reason, it will
be necessary to maintain the above-mentioned lifestyle of wearing
masks throughout the year, and to install pollen-cutters.

In addition, we suggest that the application of pollen allergen
immunotherapy to reduce pollen reactivity at the level of practical
medical care and careful tasting of pollen-containing health foods
might be attempted [45].

The aim of our study was to determine the risk of AP exposure
and its influence on the occurrence of immune-related diseases
such as connective tissue diseases, vasculitis syndrome, and
gastroenterological diseases (including inflammatory bowel diseases)
in Japan. We hypothesized that these immune-related diseases
might also be PIDs or “pollen diseases” because these conditions are
assumed to be triggered when susceptible patients are exposed to
epigenetic immune-mediated pollen-induced immunological stress
induced by pollen cells.
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