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Fig. 3. (a) Liver (C-1), Masson’s trichrome stain, X 100 magnification. There were two granulomas in the portal areas (arrowed). The eggs are associated with
a granulomatous reaction and fibrotic changes. (b) Liver (C-1), Hematoxylin—cosin stain, x 200 magnification. The eggs (arrowed) were surrounded by
epithelial cells, fibers and eosinophils. The eggshells still remained visible. (c) Liver (C-2), Masson’s trichrome stain, x 100 magnification. There was a
granuloma in the portal areas (arrowed). (d) Liver (C-2), Hematoxylin—eosin stain, X 200 magnification. The eggs (arrowed) were surrounded by mainly
epithelioid cells and fibers. There was no infiltration of eosinophils and lymphocytes. The size of the granuloma was relatively small compared to C-1 (Fig. 2a).
(e) Liver (naive, non-infected miniature pig liver) Masson’s trichrome stain, X 100 magnification. (f) Lung (C-1), Hematoxylin—eosin stain, X 200
magnification. Foreign body granuloma formation in the interstitium. An egg might be in the center of the granuloma. (g) Pancreas (C-1), Hematoxylin—eosin
stain X 100 magnification. The eggs (arrowed) were surrounded by epithelial cells and fibers. (h) Intestine (C-1), Hematoxylin—eosin stain, X 100
magnification. Foreign body granulomas within the lamina propria. Arrows show the eggshells.

3.3. Antibody responses against schistosome adult worm egg and adult worm antigens were measured (Fig. 4).
antigens (SWA) and schistosome soluble egg antigens (SEA) Specific IgG against SWA (Fig. 4a) began to increase
significantly at 4 weeks p.i. In C-2, the overall IgG

In order to examine the serological response of the host response against SWA and SEA, shown in Fig. 4, was
against S. japonicum infection, the antibody levels against lower than that of C-1. Specific IgG against SEA (Fig. 4b)
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Fig. 4. IgG antibody response against adult worm antigen (SWA) and egg antigen (SEA). The serum diluted with blocking buffer (400-fold) was applied to an

ELISA. Open circle, data from C-1; and closed square, data from C-2.

began to increase at 5 weeks p.i. prior to eggs being
excreted into the feces. These responses persisted during
the course of the experiment.

4. Discussion

In this study, we demonstrated that the CLAWN mini-
ature pig is highly susceptible to S. japonicum. The EPG
values were higher than those reported in experiments that
used domestic pigs [7]. Marked egg excretion persisted until
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approximately 20 weeks p.i., with many adult worms able to
be recovered by portal perfusion even at 27 and 47 weeks
pi.

Eleven paired worms were recovered at 27 weeks p.i. At
that time, the EPG was approximately 100. As the weight of
the feces produced per day was approximately 200 g,
approximately 20 000 eggs were excreted by the 11 pairs
of worms. Therefore, each worm pair produced over 1800
eggs per day. This number is similar to that found in a
previous report [5]. Assuming the productivity of eggs per
pair is constant during the course of infection, the number of
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paired adult worms at 8 weeks p.i., when the EPG was
approximately 400, was estimated to be approximately 44.
Therefore, after the 200 cercarial challenge infections, half
of the inoculated cercariae were assumed to establish
infection in this pig. However, because we did not perform
the perfusion when they showed the peak EPG, it is not
clear how many worms were present. After 35 weeks p.i.,
EPG became almost nil, but at least four pairs of mature
worms wete present in the portal vein. Logically, these
worms should have produced 7000~8000 eggs per day,
resulting in an EPG of at least 3040, There are at least
three possible mechanisms to explain why the EPG declined
after 18 weeks p.i.: (1) immunity killed the worms, (2) the
worms decreased their egg production, and (3) excretion of
eggs through gut mucosa was inhibited. Our observation
using two pigs cannot exclude any of those possibilities.
Willingham et al. [7] reported that pigs inoculated with a
single dose of 2000 cercariae of S. japonicum showed
markedly reduced EPG from 17 weeks p.i. and had elimi-
nated most of the worms by 24 weeks p.i. Thus, this
indicated that the first possible explanation, i.e. that immun-
ity killed the worms, was viable.

Reid and Lichtenberg in 1977 [12] concluded that
miniature pigs could not be used as an adequate model
of human S. japonicum infection, because of the difficulty
in establishing infection with extremely low egg numbers
(EPG=<4), short duration (up to 14 weeks p.i.) of fecal
egg excretion, and mild or moderate pathology in the
liver. Although only two pigs were used in this study, the
EPG values and recovered worm numbers were higher
than those observed in their study. Additionally, there
were some differences in experimental conditions between
our study and theirs. Because our CLAWN strain is newly
established in Japan, the miniature pig itself was different
from the strain used in the other study. The size and age
of their pigs at the time of inoculation also differed from
ours. The miniature pigs they used were 10-week-old
pigs, ranging in weight from 8 to 11 kg. The origin of
the S. japonicum also differed as they used a Japanese
strain.

Histological examination disclosed the deposition of S.
Japonicum eggs had a widespread distribution, and were
found in the liver, spleen, pancreas, lungs, small intestine,
and mesenteric lymph nodes. The deposited eggs were
surrounded by foreign body granulomas as a result of host
responses. It was rather difficult to recognize where the eggs
were deposited at first in these tissues, but the presence of
eggs in lymph nodes suggests that the eggs were also spread
through lymphatic pathways in addition to the peripheral
blood circulation. Although Yason et al. [13] reported that
the adult worms were present in blood vessels such as
pancreatic and splenic veins and pulmonary arteries, no
adult worms were observed macroscopically or microscopi-
cally in those organs that were positive for egg deposition in
this study. However, further detailed examination of blood
vessels might show their presence.
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In the liver, occasional bridging—bridging fibrasis were
observed. Kardoff et al. [14] reported that the dilation of
portal vein in infected pigs were observed in ultrasonography.
These facts indicated that egg deposition in the liver affected
the portal flow even in pigs. The experiments of repeated
infection may reveal the role of egg deposition in the portal
hypertension and fibrosis observed in the human case.

An antibody response was detected against both eggs and
adult worms. The antibody response against adult worms
began at 4 weeks p.i. It may indicate that the cercariae
inoculated in the miniature pigs became adult worms before
4 weeks and laid eggs before 5 weeks p.i.

Hurst et al. [15] reported that there were CD4 and/or
CD8 positive T cells, B cells, v8 T cells around the
deposited eggs in the liver. Taking it into consideration,
the adaptive immunity really occurred against eggs deposi-
tion in the pigs liver.

In the present study, we could not reveal any individual
variations in the population due to the limited number of
available pigs. The closed colony of the CLAWN strain has
already reached approximately 75% consanguinity after 27
years of closed matings from the original two kinds of F1.
Regarding the SLA (swine MHC), there are several alleles
detected and some of those are the majorities [16]. Although
we had no data on our pig’s SLA, these alleles might have
influenced the outcomes of their course of infection.

As far as we know, this is the first report that miniature
pigs are highly susceptible to Chinese strain of S. japonicum
and that it may be a useful animal model for human
schistosomiasis.
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Abstract -

Schistosomiasis is a major endemic parasitic disease in the world. In China, we have identified two major genes
related to the severity of liver fibrosis, one an HL.A class II gene, and the other the IL-13 gene. The frequency of
the HLA-DRB5*0101 allele and that of the IL-13 promoter A/A (IL-13P- A/A) genotype were elevated in fibrotic
patients, although the two genes are located on different chromosomes, chromosomes 6p and 5q, respectively. Subjects
with both genotypes had odds ratios (OR =24.5) much higher than the sum of the ratios for each individual genotype
(OR=5.1, 95% confidence interval 1.3-24.7 for HLA-DRB5*0101, OR=3.1 95% CI 1.5-6.5 for IL-13P- A/A).
Although we have not yet characterized the functional, difference between HLA-DRB5*0101 and other alleles,
peripheral blood mononuclear cells from IL-13PA/A donors produced much higher amount of mRNA than IL-13PA/
B 24 h after the stimulation with PHA. Those findings strongly suggest that the pathogenic Th2 response directly
influences the prognosis of post-schistosomatl liver fibrosis.

© 2004 Elsevier Ireland Ltd. All rights reserved.

Keywords: Schistosoma japonicum; Cytokine; HLA; Single nucleotide polymorphism; Microsatellite; Liver fibrosis

1. Imtroduction

One of the important subjects in the biomedical
research field is the analysis of human reactivity
to exogenous stress. Exogenous stress in the infec-
tious diseases is usually one species of microor
ganism that is called pathogen. The reactivity of
the human host is so variable that wide range of
clinical spectrum spanning from asymptomatic to
grave is shown in almost all infectious diseases as
shown in SARS. The reason why such a wide
range occurred is that many factors are involved
in the pathogenesis during the infection including
host and parasite genetic factors (multifactorial

*Tel.: +81-95-849-7820; fax: + 81-95-849-7821.
E-mail address: hiraken@net.nagasaki-u.ac jp
(K. Hirayama).

diseases). Usually this muliifactorial disease is
very difficult to analyse, because to identify sev-
eral responsible genes to develop the disease,
statistical approach is necessary using linkage
study or population based case—control study
which needs a number of subjects. After you get
an appropriate quality and quantity of subjects or
family members, two different genetic approaches
are generally undertaken to identify the responsible
genes: targeted gene analysis and genome-wide
survey. We adopted the former method, focusing
especially on immunity-related genes such as those
for HLA, cytokines and adhesion molecules.
HLA genes are highly polymorphic and their
alleles are well characterized at the DNA sequence
level. For example, the HLA-DRB1 gene has over
100 alleles in the human population. In particular,

1383-5769/04/% - see front matter © 2004 Elsevier Ireland Ltd. All rights reserved.
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HLA-DR, -DQ, -DP, -A, -B, and -C are believed
to function as immune-response genes that are
known to control host immune reactivity to spe-
cific antigen of T cells and NK (T) cells. Cyto-
kines are also believed to play important roles in
controlling the intensity and duration of the
immune response. Recently, single nucleotide
polymorphisms (SNPs) have been observed very
commonly in the promoter regions of some cyto-
kines, including tumour necrosis factor (TNF),
interleukin (IL)-4, IL-13, and interferon-vy. Several
studies have demonstrated that these polymor-
phisms directly affect promoter activity. Therefore,
we focused on those supposed to be very strong
candidate genes for the search to pathogenic or
resistant genes to post-schistosomal liver fibrosis
in humans,

2. HLA class II genes and the IL-13 promoter
alleles genetically interacted to enhance the
development of post-schistosomal liver fibrosis

Schistosomiasis japonica is a chronic helminthic
infectious disease that affected at least 860 000
individuals in China in 1995. Morbidity and mor-
tality are dependent on its chronic sequelae, post-
schistosomal hepatosplenic disease, which is
characterized by liver fibrosis, portal hypertension,
ascites accumulation, oesophageal varices, and
eventual death. The liver fibrosis seen in these
patients is induced by a granulomatous immune
response against the eggs that are deposited in the
periportal area [1]. Schistosomal egg antigen-spe-
cific CD4* T cells play a major role in the
formation of granuloma through Th2-type cytokine
production in experimental schistosomiasis man-
soni [2,3]. However, in bumans, little is known
about the immunological response during the
chronic phase of hepatosplenic disease [4].
Because only 5-10% of patients with chronic
schistosomiasis japonica develop hepatosplenic
disease, and because the granulomatous response
is initiated by CD4" T cells reactive to schisto-
somal antigen, polymorphisms of the HLA class
II antigens, which control the reactivity of the
CD4* T cells, may be associated with a suscepti-
bility to hepatosplenic disease. Indeed, associations
between schistosomal hepatosplenic disease and

HLA alleles have been reported for schistosomiasis
mansoni [5,6] and for schistosomiasis japonica
[7,8]. Recently, more objective diagnostic methods
using ultrasonography have become popular and
have been standardized to measure changes in liver
morphology [9]. Therefore, we used this method
to categorize the patients into a ‘fibrotic’ group
and a ‘non-fibrotic’ group, and examined their
genetic characteristics by analysing the polymor-
phisms of candidate genes encoding HLA class I
and class I antigens, TNF-« and cytokines.

A total of 230 current or former patients with
chronic schistosomiasis japonica were examined
for clinical changes. All patients were from the
agricultural village of Beishan, in Yushan County,
China, and had their first-episode of infection and
treatment at least 10 years before the initiation of
this study in 1994. The mean age of the subjects
was 52.6+10.5 years and the mean duration
between 1994 and their initial treatment year was
274+ 8.8 years. Ultrasonographic diagnosis was
carried out according to the WHO standard for the
diagnosis of liver fibrosis due to schistosomiasis
japonica [9-11]. Ultrasonographic diagnosis deter-
mined that there were 44 persons with grade 0
fibrosis, 81 with grade I fibrosis, 99 with grade Il
fibrosis, and six with grade III fibrosis. The pres-
ence of hepatitis B virus (HBV) was not assessed
in these patients, but the prevalence of HBV is
approximately 15% in Jiangxi Province [12]. Most
of the men in the village smoke tobacco and drink
alcoholic beverages, but the women generally do
not. The patients had all been treated after each
positive faecal examination throughout their lives,
but it was not possible to estimate the precise total
worm burden of each patient during the clinical
course of the disease. Therefore, we tentatively
defined an appropriately exposed person as a
repeatedly treated for schistosomiasis japonica
over a 10-year period [13].

The frequencies of several HLA class IT alleles
[14] were significantly increased or decreased in
the fibrotic groups. When we compared the fre-
quencies of alleles between grade 0 and grades I,
11, and 111, we found that HLA-DRB1*1101 (P<
0.001), DQA1*0501 (P<0.02), and DQB1*0301
(P<0.03), which are closely linked, were signifi-
cantly elevated in the grade 0 group, and that
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DRBS*0101 IL-13P Grade 0 Grade IILIll

Chr.ep Chr.Bq n=368 n=156 OR (95% CI)

0.0% 13.4%  24.5(1.4-424.0)
5.6% 11.5% 5.1(1.1-23.9)
33.3%  49.5% 3.7(16-82)

g 61.6%  25.0%

Fig. 1. Synergistic effect of the two susceptibility markers,
HLA-DRB5*0101 and IL-13P- A/A. OR and 95% CI were
calculated relative to individuals negative for both DRB5*0101
and IL-13P- A/A.

HLA-DRB5*0101 was significantly -elevated in
grade I, II, and III fibrotic patients (P <0.03). This
suggests that the HLA-DRB1*¥1101-
DQB1*0301-DQA1*0501 haplotype (P<0.02)
decreases susceptibility to grades I, II, and III
fibrosis, whereas the HLA-DRB1¥1501—
DRB5*0101 haplotype (P<0.02) increases this
susceptibility. If we assume that these genetic
associations arise from the functions of the HLA
molecules themselves, then the critical question is:
how do these molecules present antigens to
CD4+ T cells to initiate the immunological pro-
cesses leading to fibrosis? We have not yet iden-
tified any pathogenic or protective T cells via such
HILLA molecules in the exposed donors.

We further analysed the polymorphisms of the
Th2 cytokine genes in the same subjects. There
was a significant association between IL-13 gene
promoter polymorphism and the liver fibrosis
group. Because the IL-13 gene is localized on the
long arm of chromosome 5, the IL-13P allele must
be inherited independently of the HLA class II
allele that occurs on the short arm of chromosome
6. Therefore, the next question is whether there is
any interaction between these two genetic markers,
HLA and IL-13. As shown in Fig. 1, both HLA-
DRB5*0101- and IL-13P- A/A-positive subjects
had much higher odds ratios (OD=24.5) than
subjects positive for only one of these polymor-
phisms (OD=35.1 for HLA, OD=3.7 for IL-13P-
A/A), indicating these two genetic markers syn-
ergistically enhance the development of fibrosis

after infection. This synergy made us propose this
hypothetical story that the pathogenic IL-13- high
producer CD4™* T cells are preferentially stimulat-
ed by the antigen-presenting cells expressing HLA-
DRB5%0101. Actually the in vitro experiment
using many healthy volunteers showed that IL-13
mRNA levels of the PHA stimulated T cells from
IL-13P A/A genotype donors showed significantly
higher than those from IL-13P A/B donors. This
strongly supports our hypothesis that IL-13 pro-
ducing CD4 T cells were pathogenic.
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Introduction the war against the regional disease

The monument of the completion of eradication of
‘regional disease’ or Chihou-byou.

Built on December 26, 2002, Oshigome, Showamachi, Nakakoma-gun,
Yamanashi, Japan. Calligraphy by Mr. Ken Amano,
Governor of Yamanashi Prefecture.

Description

Regional disease (Schistosomiasis) had been endemic for more than 400 years. The area was spanned over
20,000 ha along three rivers, Kamanashi River, Arakawa, and Huehuki River. The people living there had
been suffered from this fatal disease that was characterized by swollen abdomen or abdominal ascites.

Our regional eradication program was initiated at the time when the regional leader of a village, Kasugai,
Higashi-Yamanashi gun, processed a requirement paper for the control of this special disease characterized
by swollen abdomen to the Governor Shiro Fujimura. Since then the people have been struggling with this
disease for 115 years and finally we declared that this disease ended on February 19, 1996.

We built this monument to give our sincere appreciation to all the persons who had contributed to this
historical achievement and to memorize it forever.

A good day of December, 2002

Yamanashi Prefecture Government, Kofu, Yamanashi, Nirasaki, Kasugai, Isawa, Misaka, Ichinomiya,
Yashiro, Nakamichi, Sakaigawa, Toyotomi, Mitama, Masuho, Nakatomi, Ryuoh, Shikishima, Tamaho,
Shouwa, Tatomi, Hatta, Shirane, Wakakusa, Kushigata, Kousai, Futaba, Association for the eradlcatlon of
schistosomiasis (Regional Disease) in Yamanashi Prefecture
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Preface

Kimio Saitoh

President

Association for the eradication of schistosomiasis
(Regional Disease)

in Yamanashi Prefecture

The history of our eradication program began at the time the pathogen was found in 1904. The program
was enhanced by the finding that Oncomelania snail was the intermediate host in 1913. Regional
community based control programs had been aggressively processed for more than 100 years and finally
our Governor declared the end of this disease in Yamanashi Prefecture in February 1996:

Schistosomiasis Japonica had been endemic in several different regions in Japan, such as Hiroshima,
Okayama, Fukuoka, Saga and Yamanashi. Our Association was established in 1950 and has been working
as a facilitating organization for the control collaborated with other Prefectures’ associations. When we
established this association, the national and the prefectural financial situation showed very difficult due to
the defeat of the World War II. However our association strongly pushed the Japanese government to make
a time limited law to support our eradication program mainly composed of Snail control. I appreciate the
people in the endemic areas for their voluntary effort that was essential and critical for this final success. Of
course the great advancement of the medical and pharmaceutical treatments contributed to this
‘achievement.

In 1947, the expected years of life of male and female were 46.06 and 49.6 years respectively, but now
those are 77.10 for male and 83.99 years for female in Japan. I am sure our effort against schistosomiasis
contributed a lot to improve our prefectural health condition. On this historical occasion of the declaration
of eradication of schistosomiasis, we decided to publish this booklet titled ‘The war against the regional
disease, History of the eradication of schitosomiasis in Japan to give all the precious.records that should be
kept as our common heritage. I hope it will be the first level historical record in future.

I would like to give my sincere gratitude to all the persons who have been supporting our association and
also who had contributed to this publication by donating the manuscripts and or materials.
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Introduction the war against the regional disease
Notification

Association for the eradication of schistosomiasis (Regional Disease) in Yamanashi Prefecture
March, 2003

For a long period, the farmers living in the Kofu Basin area had been suffered from the regional disease
(Schistosomiasis japonica). Therefore, the eradication of this disease was a kind of dream for them over
generations and generations.

Our eradiation project started after the findings of the pathogen in 1904 and of the intermediate host
Oncomelania snail in 1913. The inhabitants, and many doctors and researchers who were pursuing the new
methods for prevention and treatment, were performing the projects under the strong supports by regional
and prefectural offices. Those activities with additional public health improvements gradually decreased the
morbidity and mortality, but until 1955, theré were still many active patients in any places in the region.
After that there were sporadic cases until 1985. Finally Governor declared that the disease ended in
February 1996.

Our Association was established in 1950 and has been working as a facilitating organization for the control
of schistosomiasis collaborated with other Prefectures’ associations. We have already published a series of
books that describe the disease situation and the history, ‘The War against the regional Disease, 1977°, ‘The -
War against the regional Disease, memories of the soldiers, 1979°, and ‘The War against the regional
Disease, Medical aspects,1981°. Since 1992, we have been collecting available materials that related to the
eradication program to prepare this final memorial booklet which we hope will be informative for all the
persons who are still suffering schistosomiasis japonica in South East Asia.

The contents of this volume are as follows,

The first chapter, ‘History of the control program by the prefectural government’ described the outline of
the disease and the history of the control program at a glance and put the table that summarize the
complicated activities year by year. The second chapter, ‘The collected materials that tell the myth’ shows
you the pictures and the records that will help you to understand the situations more vividly. The third
chapter, ‘Records during the war’ describes each regional history by city, town, or village level by using
their records, articles in the news paper, and books. Our Association’s history is also put here as ‘Footprints
of Association for the eradication of the regional disease’. The fourth chapter, ‘Renewed materials’ includes
two historical booklets, ‘I am a doctor of regional disease!” published in 1916, and ‘Manuals for the
diagnosis of schistosomiasis japonica’ published in 1996 by the society of the researchers of the regional
disease. The fifth chapter, ‘Statistics tables regarding the regional disease’, shows the epidemiological
records since Meiji Era (1985-) based on the official reports, public health statistics and the materials stored
in the Yamanashi prefectural institute of health.

Even now we all have a memory of ‘the 100 years’ war against the regional disease’ deep in mind. I hope

this booklet will tell our children that we had a glorious history to eradicate a disease that had been there
for hundreds of years.
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