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FIG. 1. Distribution of |SF in the present stu- ot
dy (n=41). Cases of JSF are seen in the
south-western part of Japan, facing the Ocean.
Blue shows the involved prefectures, and red .

circles indicate the endemic spots.

FIG. 2. Immunohistochemical diagnosis of JSF .-
in a representative case (Al8). (a) Gross
appearance of ekschar, (b) histopathology - of
eschar, haematoxylin and eosin staining, (c, d)
immunostaining for SFG rickettsial antigens
using monoclonal antibodies $3 (c) and X1 (d).
Eschar is covered with scab, and associated
with haloed redness. Small eruptions are
scattered in the surrounding skin  (a).
Histologically, ~perivascular infiltration  of
lymphocytes and macrophages is evident in
the dermis (b). Immunohistochemically, the
cytoplasm  of  endothelial  cells and
macrophages shows coarse dotted positivity
(coloured brown) with both monoclonal
antibodies (c, d).

Cell blocks of Rj-infected L929 cells served as positive
controls for both IHC and RT-PCR. Positive signals were
also obtained from R. conorii-infected monkey Vero cells with
both methods. No positivity of IHC and RT-PCR was seen
in uninfected or Ot-infected cells and in normal skin. Human/
monkey or mouse f2m DNA was consistently amplified
from all DNA samples. Cycle threshold values varied from
sample to sample (Tables | and 2). The mean cycle values
were 264 for Rj-infected L929 cells, 36.8 for regularly fixed
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eschar (n = 15; median, 35.6; range, 30.5-48.0), and 42.6
(n = 3; range, 40.5-44.7) for regularly fixed eruptions and

scabs. Eschar fixed in 100% formalin required 39.4 cycles
(n = 4; range, 37.1-41.3).

Sequencing analysis

An exactly homologous sequence of the |14 bp stretch in
the Rj 17k genus common antigen gene was confirmed in
the positive control cells and five skin biopsy specimens. As
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TABLE 2. Influence of formalin concentration on JSF-positive rates by IHC and real-time PCR

expected (GenBank M28480), the DNA sequence of R co-
norii showed three bases difference in the amplified frag-
ment.

Discussion

Registered JSF cases are gradually increasing in number, and
endemic areas are spreading in southwest Japan [4,5,20]. Rj
has also been isolated in Korea and Thailand [21,22]. The
mortality rate of JSF is calculated to be 1.9%, but this figure
may be underestimated due to early antibiotic treatment.
The reported mortality rates of other SFG rickettsioses are
2.5%, 7% and 30% for Mediterranean, Rocky Mountain and
Brazilian spotted fevers, respectively [5,23-25].

We evaluated diagnostic methodology, IHC and RT-PCR,
for detecting Rj with monoclonal antibodies and primers
directed toward SFG rickettsiae in FFPE specimens. JSF is the
only SFG rickettsiosis in southwestern Japan. This is the first
study where Rj was detected in FFPE skin biopsies and the
detectability was compared between both methods. Sequenc-
ing analysis using five representative specimens of eschar and
scab confirmed the specificity of our approach. Handling and
transfer of rickettsia-infected skin tissue may be biohazard-
ous. This is one of the reasons why we chose FFPE samples
as the target of study. Once established, our methodology is
applicable to histopathological diagnosis.

PCR detection of SFG rickettsiae such as R conorii and
R. prowazekii using skin biopsy specimens has been described
[26,27]. Mahara documented that all of 53 JSF cases showed
skin eruptions and 94% eschar [5]. In the present study,
biopsy from eschar was most suitable for diagnostic testing
of JSF.

Of 3l seropositive JSF cases plus one autopsy case
(group A) and nine seronegative JSF cases (group B), all but
three (93%) were positive by IHC and/or RT-PCR. Under
our present conditions using FFPE sections, IHC was more

©2011 The Authors

effective than RT-PCR in diagnosing JSF. In two of three
false-negative cases, only scab samples were submitted.
Scabs were insufficient for IHC. Two other scab samples
were IHC negative and RT-PCR positive. Low detectability
by RT-PCR was partly due to improper fixation in this ser-
ies. Eighteen samples happened to be fixed in 100% forma-
lin, and high formaldehyde concentration might have caused
alteration of DNA structure, as reported previously [28],
while the antigenicity was tolerant of such conditions. In
fact, cycle threshold values were larger for 100% formalin-
fixed specimens than for regularly fixed specimens. Cycle
threshold values, smaller for eschar than for eruptions or
scabs, may reflect the number of pathogens within the
lesion.

Because of DNA fragmentation by formalin fixation and/or
paraffin  embedding, short PCR products are needed to
increase detection sensitivity [29]. In the present study,
primers to yield short products (114 bp length) were
designed, but obstacles to formalin fixation were still inevita-
ble. f2m DNA fragments of 86 and 152 bp length were
reproducibly amplified from human/monkey and mouse sam-
ples, respectively.

Among 31 seropositive patients, the diagnosis of JSF was
made earlier in 26 (84%) patients by IHC and/or RT-PCR
than serology. Manifesting trias (eschar, rash and high fever
>38°C) empirically lead clinicians in endemic areas to Mino-
cyclin treatment. The trias are common to JSF and Tsutsuga-
mushi disease [4,5]. New quinolones can be added to
Minocyclin in JSF, but are ineffective for Tsutsugamushi dis-
ease [5]. In fulminant cases, early diagnosis indicated change
in therapeutic regimen to save the patient’s life.

Serology is widely used for diagnosing rickettsioses [30].
Seronegativity was observed in nine biopsy cases and one
autopsy case (representing 24% of 4| JSF patients), and this
might be related to therapeutic eradication of pathogens in
the early stages of infection. Long-term serological follow-up
is needed.

Clinical Microbiology and Infection ©2011 European Society of Clinical Microbiology and Infectious Diseases, CM/
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R=) VEEMED SHE L7 DNA # B
&, R. japonica DNA (gltA & Rj5/Rj10 & H12) di
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1 Immunohistochemical identification of R. Japonica in formalin-fixed, paraffin-embedded sections of

infected 1929 cells.

Granular positivity is observed in the cytoplasm of L929 cells infected with R. Jjaponica (Katayama
strain). Amino acid polymer method after heat-induced epitope retrieval, using mouse monoclonal

antibodies X1 (A) and S3 (B).

T d », N 0 2 i ) iy

2 Sybr-green real-time PCR detection of g/t4, Ri5/Rj10 and £2 microglobulin ($2M) from DNA of L929 cells
infected with two kinds of strains (Aoki and Katayama) of R. Jjaponica

(A) Detection of gltA and Rj5/Rj10 DNA :

a) formalin-fixed (FF) Aoki strain of R. japonica for gitA, b) FF Katayama strain of R. Japonica for gltA,
¢) formalin-fixed paraffin-embedded (FFPE) Aoki strain of R. japonica for gltd, d) FFPE Katayama
strain of R. japonica for gltA, e) FF Aoki strain of R. japonica for Rj5/Rj10, f) FF Katayama strain of
R. japonica for Rj5/Rj10, g) FFPE Aoki strain of R. japonica for Rj5/Rj10, h) FFPE Katayama strain of

R. japonica for Ri5/Rj10, and i) blank.
(B) Melting curves of (A) :
i) gltA and k) Rj5/Rj10
(C) Detection of mouse f2M of L929 cell origin :

) FF cells infected with Aoki strain of R. japonica, m) FF cells infected with Katayama strain of R.
japonica, n) FFPE cells infected with Aoki strain of R. japonica, 0) FFPE cells infected with Katayama

strain of R. japonica, and p) blank
(D) Melting curves of (C) :
Q) 2M
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Oku-Komyo-En is one of the national leprosy
. sanatoria, located on a small island in Setouchi
city, Okayama prefecture of Japan since 1938.
Since autopsies were carried out routinely on
almost all patients who had died in the sanato-
rium up to 1980, approximately 1,000 formalin-
fixed autopsy tissue samples were available for
analysis. Whenthese samples were reviewed, the
pathological data indicated a sharp rise in the
death rate caused by cirrhosis of the liver and
hepatocellular carcinoma (HCC) since 1960 and
1970, respectively. Hepatitis C virus (HCV) infec-
tion is a common cause of HCC in Japan. The
presence of HCV RNA was demonstrated in
paraffin sections prepared from the autopsied
liver tissue fixed in formalin for a prolonged
period of time, by employing nested RT-PCR
using type-specific primers. The data showed
that HCV RNA was detectable in samples of the
liver archived as early as 1940, representing the
liver tissues kept in formalin for up to 67 years.
HCV genotypes 1b and 2a were found by RT-PCR
at 85.7% and 14.3%, respectively, in patients with
leprosy. J. Med. Virol. 82:556-561, 2010.
© 2010 Wiley-Liss, Inc.

KEY WORDS: leprosy; hepatitis C virus; gen-

otyping; nosocomial infection

INTRODUCTION

Leprosy caused by Mycobacterium leprae is a
chronic infectious disease which primarily affects
exposed surfaces such as the skin (particularly the face
and extremities), superficial peripheral nerves, upper
respiratory tract, testis, and ciliary bodies of the eyes
[Sasaki et al., 2001]. Leprosy was regarded as a divine
punishment for the skin in the Old Testament and as
karma in Buddhism. Since ancient times, historical
records indicated that many patients with leprosy
lacked permanent housing, leaving them to wander in

© 2010 WILEY-LISS, INC.

both towns and rural areas. In Japan, Law No. 11, “The
Act on Leprosy Prevention” was passed in 1907.
Subsequently, in 1931, the first national leprosarium
opened, and at that time, Law No. 11 was revised to the
Leprosy Prevention Law, which forced all patients,
regardless of whether they could be cared for at home or
not, to be admitted to hospital without any financial
burden levied on their families [Sato and Frantz, 2005].

This Leprosy Prevention Law remained in place until
the end of 1996, and in the process depriving many
patients of their basic human rights for decades. With
13 national and 2 private leprosy sanatoria in Japan,
patients from the western prefectures (Osaka, Kyoto,
Hyogo, Nara, Wakayama, Mie, Shiga, Gifu, Fukui,
Ishikawa, Toyama, Tottori) were forced to be detained
in the National Sanatorium Oku-Komyo-En. As
autopsies were performed routinely on most patients
who died in the sanatorium from 1940 to 1980, formalin-
fixed tissues from approximately 1,000 autopsy cadav-
ers were archived and remained available. When these
specimens were newly processed again for histology
during 2006-2007 and, subsequently reviewed in
parallel with the clinical data, there were considerable
differences in the prevalence rate of lethal conditions in
each of the 10-year periods during 1940-1999. For
instance, analysis of the records identified an increasing
incidence of cirrhosis of the liver (1960-1969) and
hepatocellular carcinoma (HCC; 1970-1979). The main
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HCV Infection in a Japanese Leprosy Sanatorium

cause of HCC in Japan is infection with hepatitis C virus
(HCV) infection in 75% of the cases [Kiyosawa et al.,
2004], and it is of considerable importance that the
prevalence of HCV antibody in the serum of patients
with leprosy has been demonstrated to be much higher
than that of the general population [Denis et al., 1994;
Egawa et al., 1996]. Within the confines of the leprosy
sanatoria, it was a common and routine medical practice
to share needles and/or syringes for administering
leprosy medication consisting of Chaulmoogra oil (a
traditional medicine) and Promine (a novel synthesized
anti-leprosy drug). The possibility of nosocomial infec-
tion with HCV is suspected in this cohort of patients.
In this study, the data of autopsies performed at the
National Sanatorium Oku-Komyo-En between 1940 and

1999 were reviewed. As there was no facility for storing -

sera of leprosy patients in those days, formalin-fixed
liver and HCC tissues were archived, together with the

patients’ records, and used to determine the prevalence
of HCV infection.

MATERIALS AND METHODS
Ethical Aspects

The study conformed to the ethical guidelines of the
1975 Declaration of Helsinki and was also approved by
three Ethics Committees of the National Sanatorium
Oku-Komyo-En, Kojin Hospital, Fujita University,
School of Medicine, respectively.

Tissue Samples

Formalin-fixed tissues archived at the National
Sanatorium Oku-Komyo-En after a prolonged period of
fixation (12—87 years) were sampled again between
2006 and 2007 and embedded subsequently in paraffin.
A total of 48 liver samples, including cirrhosis alone
(n = 34) and HCC with cirrhosis (n = 14) were selected
for the study. Total RNA was extracted from formalin-
fixed and paraffin-embedded tissue sections. All the
HCC cases were accompanied by cirrhosis of the liver,
and sections containing non-neoplastie, cirrhosis of the
liver were used for the analysis. Patient demographics
included 36 males (mmean age: 63.2 years) and 12 females
(mean age: 74.7 years), with a combined age ranging
from 28 to 84 years.

RNA Extraction From Tissue Sections

Five slices of 5um thickness were prepared from
liver tissue blocks using a microtome. A new sterile
blade was used for each block to avoid cross-contami-
nation between the samples. Total RNA was extracted
from dewaxed sections using a Recover All Total Nucleic
Acid Isolation kit (Applied Biosystems, Austin, TX), in
accordance with the manufacturer’s protocol, and
stored at —80°C until use. The protocol consisted of the
following six steps: microtome sectioning of tissue
blocks, deparaffinization, proteinase K digestion, RNA
isolation, DNase incubation, and RNA purification
[Ribeiro-Silva et al., 2007].

557

HCV Genotyping by Nested RT-PCR Using
Type-Specific Primers

RT-PCR was carried out by applying 1 ul of extracted
RNA (reaction mixture volume, 10pl) to the one-step
RT-PCR kit (Qiagen, Valencia, CA). The universal
primer pairs at a concentration of 200 nM included No.
256 (5'-CGCGCGACTAGGAAGACTTC-3) and No.
186 (5'-ATGTACCCCATGAGG TCGGCC-3') [Okamoto
et al., 1992]. The thermal profile for the reaction was as
follows: reverse transcription at 50°C for 30 min, initial
denaturation at 95°C for 15min, and then followed by
40 cycles of denaturation at 95°C for 1 min, annealing at
54°C for 1min, and elongation at 72°C for 1 min. The’
final elongation step was done at 72°C for 10 min.

The second amplification step was carried out, by
employing 1 pl of first PCR product (diluted 1:1,000), at
95°C for 5 min, then 40 cycles of denaturation at 95°C for
1min, annealing at 54°C for 1min, elongation at 72°C
for 1 min, and final elongation at 72°C for 10 min. The
nested reactions were performed using a combination of
200nM universal sense primer No. 104 (5-AGGAA-
GACTTCCGAGCGGTC-3') and 200 nM genotype-spe-
cific anti-sense primer No. 183 (5-GAGCCATCCT-
GCCCACCCCA-3), No. 134 (5-CCAAGAGGGACGG-
GAACCTC-3"), and No. 135 (5'-ACCCTCGTTTCCGTA-
CAGAG-3'), together with the HotStar Taq Plus Master
Mix kit (Qiagen).

The amplified products were analyzed by electro-
phoresis using 3% agarose gel and ethidium bromide.

Statistical Analysis

Statistical software package PASW Statistics
17.0 was used. The pathological data of cirrhosis of the
liver, HCC, and tuberculosis in 19401949, 1950—1959,
1960-1969, 19701979, 1980-1989, and 1990—1999
were analyzed by Fisher’s exact test (two-sided).
P <0.05 was considered to be statistically significant.

RESULTS

Autopsy Diagnosis in the National Sanatoria
Oku-Komyo-En (1940-1999)

The pathological data of a total of 996 patients
autopsied in Oku-Komyo-En, including 753 males and
243 females, are summarized in Table I. As indicated,
review of the records found that there were large
numbers of tuberculosis infections between 1940 and
1969, with 47% of these patients eventually dying of the
disease between 1940 and 1949. As the number of
inpatients at Oku-Komyo-En was approximately 400, it
was surprising to note that 604 patients had died during
1940-1949. This suggests nosocomial infection of tuber-
culosis, and thus a separate line of investigation which is
being pursued. Notably, during World War II continued
from 1941 to 1945, which resulted in a chronic shortage
of food as well as medicine at the sanatorium, and of
course, drugs for treating tuberculosis was not available
yet during this period. The average age at the time of
death between 1940 and 1949 was 35.2 years, and a
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TABLE I. Summary of Pathological Data of the National Sanatorium Oku-Komyo-En (1940~1999)

No. patients =~ Mean age at death Cirrhosis HCC + cirrhosis Tuberculosis
Year of death (male/female) (male/female) (male/female) (male/female) (male/female)
1940-1949 604 (471/133) 35.2(33.7/43.9) 8 (1.3%) (8/0) ., 0(0%) (0/0) — T 284 (47.0%) (221/63)1in
1950-1959 62 (44/18) 48.4 (47.4/50.8) 0 (0%) (0/0) ','l 0(0%) (0/0) 11 24 (38.7%) (20/4)
1960-1969 114 (87/27) 61.4 (60.6/64) 12 (10.5%) (9/3)f!|', 1(0.9%) (1/0) 111 15 (18.2%) (11/4)* —nn
1970-1979 46 (29/17) 66.4 (65/68.9) 3 (6.5%) (3/0)*—.'| 2 (4.3%) (1/1)* 11 0 (0%) (0/0)* -
1980-1989 . 111 (77/34) 73.3 (71.6/77) 9 (8.1%) (6/3)*_ _I: 9 (8.1%) (7/2)*-1 1 10 (9.0%) (7/3)* - 4
1990-1999 59 (45/14) 76.3 (76.7/75.1) 4 (6.8%) (2/2)*_ _1 5 (8.5%) (3/2)*— - 1(1.7%) (1/o* _ _!
Total 996 (753/243) 36 (28/8) 17 (12/5) 334 (260/74)

*P < 0.05 in Fisher’s exact test (two-sided).

surprising feature noted from the analysis was that this
feature had risen every 10-year period as follows:
35.2 years in 1940-1949, 48.4 in 1950-1959, 61.4 in

*1960—-1969, 66.4 in 19701979, 73.3 in 1980—1989 and,
76.3 in 1990-1999. Conversely, the proportion of tuber-
culosis as a cause of death decreased significantly every
10-year period [47% in 1940—-1949, 38.7% in 1950—1959,
13.2% (P =0.23) in 1960-1969, 0% (P < 0.01) in 1970—
1979,9% (P < 0.01)in 1980-1989, and 1.7% (P < 0.01) in
1990-1999].

A noteworthy feature in the sanatorium is the
dramatic increase in the incidence of cirrhosis of the
liver and HCC (Fig. 1 and Table I). The incidence of
cirrhosis of the liver was 1.3% (8/604 males) between
1940 and 1949 and with no record of HCC. In the
following decade (1950-1959), cirrhosis of the liver or
HCC was not noted. Thereafter, an increase in the
incidence of cirrhosis was observed [10.5% (P < 0.01) in
1960-1969, 6.5% (P=0.04) in 1970-1979, 8.1%
(P<0.01) in 1980-1989, and 6.8% (P=0.02) in 1990—
1999]. An increase of HCC in patients with cirrhosis of
the liver was also noted [0.9% (P =0.16) in 1960—-1969,
4.3% (P=0.01) in 19701979, 8.1% (P < 0.01) in 1980—
1989, and 8.5% (P<0.01) in 1990-1999]. The main
cause of HCC is considered regarded to be infection with
HCV [Kiyosawa et al., 2004] (Table I).

1%

~e. Clrhosis

—4- HCCscirrhosis ¢
1w0r [

Prevalence of cirrhosls and HCC
23

1980~

1840- 1950-
1980

1960- 1970- 1990-

1948 1958 1969 1979 o9 (e
Fig. 1. Prevalence of cirrhosis of the liver and HCC in cirrhotic liver
in autopsy samples archived at the National Sanatorium Oku-Komyo-

En (1940-1999).
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Detection of HCV by Nested RT-PCR Using
Type-Specific Primers From Paraffin Sections of
Cirrhosis and HCC

In patients with HCC, examined sections containing
non-neoplastic, cirrhosis of the liver tissue were ana-
lyzed. Total RNA was examined by nested RT-PCR
using type-specific primers, matching to the core region
of the HCV sequence [Okamoto et al., 1992] (Fig. 2). Sera
negative for HCV, as well as positive control sera for
genotypes 1b (144 bp), 2a (174 bp), and 2b (123 bp), were
initially tested by the nested reactions. As shown in
Table II, the genotypes of HCV 1b and 2a were detected
in the archival tissue sections of cirrhosis and HCC,
while the genotype 2b or mixed type was undetectable.
HCV RNA was shown in 70.6% of cirrhosis (24/34) and
78.6% of HCC (11/14) cases. The HCV genotypes were
85.7% for 1b (30/35), and 14.3% for 2a (5/35) in patients
with leprosy (Fig. 3). HCV genotyping for each 10-year
period is shown in Table II. The genotype 1b
was predominant in each of the 10 years assessed,
85.7% (6/7) in 1940-1949, 87.5% (7/8) in 1960-1969,
100% (4/4) in 1970-1979, 72.7% (8/11) in 1980-1989,
and 100% (5/5) in 1990-1999. No cirrhosis of the liver
was recorded during 1950-1959.

DISCUSSION

When autopsy records at Oku-Komyo-En were
reviewed, three noteworthy and critical features were
recognized. One is that the age of death increased every
10-year period, as shown in Table I. In 1990—-1999, the
mean age of death was 76.3 years, while in 1940-1949
this was a mere 35.2 years. A similar tendency, though
less drastic, was also observed outside the leprosy
sanatoria throughout Japan, primarily because of a
decrease in the prevalence of tuberculosis.

Secondly, the observation of the high prevalence of
tuberculosis at the sanatorium when compared with the
general population of Japan was unexpected. The
mortality rate of tuberculosis per 100,000 across
all ages in Japan was 484 (0.484%) in 1948 and
524 (0.524%) in 1960 [Zaki, 1968]. In contrast, the death
caused by tuberculosis reached 47% in the leprosy
sanatorium between 1940 and 1949. This is likely due
to horizontal transmission of mycobacteria in the
sanatorium because of the closed living environment
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Fig. 2. Genotyping of HCV by nested RT-PCR using type-specific
primers. cDNA, prepared by priming with No. 186, was amplified by the
first PCR with universal primers (Nos. 256 and 186), in order to obtain a
fragment of 272 bp, as indicated by the shaded block. The products were
then amplified by the second PCR with a universal primer (No. 104) and
a mixture of three type-specific primers (Nos. 132—134). Gray blocks
indicate products of different nucleotide lengths that were specific to

during this time period. Another reason for the spread of
tuberculosis in the leprosy sanatorium was that the
appropriate medication to treat the disease was then not
available. To this end, streptomycin was first synthe-
sized in 1944, followed by isonicotinic acid hydrazide,
and pyrazinamide (1952), ethambutol (1961), and
rifampicin (1966) [Rosenblatt, 1973]. As the regular
number of inpatients at this sanatorium was around
400, it is surprising that the total number of deaths
between 1940 and 1949 reached 604. The possibility of
nosocomial infection of tuberculosis with the leprosy
sanatorium is now under investigation using molecular
methods.

Thirdly, the pathological data at Oku-Komyo-En
showed a sharp increase in death rates attributable to
cirrhosis of the liver since 1960 and to cirrhosis-based
HCCsince 1970 (Table I and Fig. 1). It has been reported
that HCV infection causes HCC in 75% of Japanese
cases [Kiyosawa et al., 2004]. It is known that patients

TABLE II. Number of Isolates of HCV Genotypes

Genotyping 1b 2a 2b Total
1940-1949 6 1 0 7
1950-1959 0 0 0 0
1960-1969 7 1 0 8
1970-1979 4 0 0 4
19801989 8 3 0 11
1990-1999 5 0 0 5
Total 30 5 0 35

each of the three HCV types 1b (144 bp), 2a (174 bp), and 2b (123bp)
[Okamoto et al., 1992]. M: 100 bp ladder indicator; 1b, 2a, 2b: sera from
Kojin hospital; 1: negative control (serum from Kojin hospital);
2: cirrhosis (1940); 3: cirrhosis (1942); 4: cirrhosis (1942); 5: cirrhosis
(1964); 6: cirrhosis (1964); 7: HCC + cirrhosis (1970); 8: cirrhosis (1970);
9: cirrhosis (1987); 10: cirrhosis (1989); 11: HCC + cirrhosis (1989); 12:
cirrhosis (1996).

with leprosy are at a higher risk of HCV infection [Denis
etal.,, 1994; Egawaetal., 1996]. Most of the patients with
leprosy in the sanatoria had received subcutaneous or
intravenous injections of medicine regularly for treating

100 ¢
D Oku-Komyo-En (n=35)
BO }
. . Kojin Hospital (a=30)
Q
§
5 60 F
o
Q
S
=%
40
o
(V]
8}
o
oy 20 F
0 L | .
1b 2a 2b

Genotypes of HCV

Fig. 8. HCV genotyping in leprosy patients in Oku-Komyo-En and in
non-leprosy patients in Kojin Hospital. Total RNA samples extracted
from formalin-fixed, paraffin-embedded liver tissues (n = 35) of HCV-
infected patients with leprosy at Oku-Komyo-En and total RNA
extracted from sera (n = 30) of HCV-infected patients (Kojin Hospital)
were applied to the nested RT-PCR technique using type-specific
primers.
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pain by using non-disposable needles and/or syringes
during this time period, and this practice may have
contributed to the spread of HCV. The subcutaneous
injection of Chaulmoogra oil was the main and tradi-
tional treatment of leprosy in the sanatoria until just
after the World War II period. Promine injection, a
specific anti-leprosy treatment, introduced after the
war, was proven very effective in most patients. The
patients and also medical staff members were com-
pletely unaware of the risk of nosocomial infection in
those days, and subsequently reuse of needles and/or
syringes was a common practice in most medical
institutions. It follows that HCV was discovered much
later in 1989 [Choo et al., 1989]. :

In Japan, transmission of HCV is reportedly to be
linked to two distinct events [Tanaka et al., 2002}: The
widespread treatment of schistosomiasis with intra-
venous injection of antimony sodium tartrate since 1923
[lida et al., 1999], and the use of intravenous injection of
methamphetamine during and after the World War II,
often sharing repeatedly needles and/or syringes.
Another important factor of note included vaccination
against tuberculosis or smallpox of school children and
regional inhabitants without disposing needles after the
war and up to 1958 [Higuchi et al., 2002]. During this
period of time, tuberculosis and Helicobacter-induced
peptic ulcer prevailed in association with malnutrition
of varying degrees, and the lesions had been treated
surgically often with the need of blood transfusion. Since
many blood donors were paid professionals, the “Yellow
Blood” was often contaminated with hepatitis viruses. It
is estimated that half of the blood recipients received
contaminated blood, and that the HCV genotype 1b,
introduced during the 1880-1889 period, began to
spread exponentially in the 1920—-1929 and the 1930—
1939 time period [Mizokami et al., 2006]. Within the
sanatorium, leprosy patients were accommodated in
narrow spaces for a prolonged period of time, and many
of them had open skin lesions, which could become a
source for horizontal transmission of HCV.

It is thought that horizontal transmission of the HCV
occurred during the 1940—1949 period. During 1940—
1949, a total of eight male cases of cirrhosis (1.3%) were
observed. It is suggested that infection with HCV would
have been brought into the leprosy sanatorium from
outside. The infected patients with open skin wounds
and receiving repeated injections could be the source
for horizontal transmission of infection with HCV in
Oku-Komyo-En. There were no HCC cases in the 1940—
1949 and the 1950-1959 time periods, and no cases of
cirrhosis recorded in the 1950s, while a few cases (0.9%)
 of HCC were noted in the 1940s. ‘

In the 1940-1949 period, two types of HCV, the
genotypes 1b (6/7) and 2a (1/7) were observed from
the records (Table II). The HCV genotypes 1b and 2a in
Oku-Komyo-En in toto were 85.7%, and 14.3%, respec-
tively, while the subtypes of HCV in samples from Kojin
Hospital in 2008 included 1b (63.3%), 2a (33.3%), and 2b
(3.4%) (Fig. 3). The distribution of the HCV genotypes in
Kojin Hospital corresponded well with that of the

J. Med. Virol. DOI 10.1002/jmv
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general population of Japan [Yamada et al., 1995].
In the leprosy sanatoria, HCV genotype 1b was
predominant especially in cirrhosis of the liver. The
high prevalence of the HCV genotype 1b is very similar
to the results from another Japanese leprosy sanato-
rium in which serum samples collected between 1993
and 1994 were the basis of analysis [Egawa et al., 1996].
This suggests the presence of some parallel factors in
these two leprosy sanatoria. In fact, the distribution of
the genotypes remained unchanged in each 10-year
period. ‘

If nosocomial infection with HCV occurred in the
sanatoria, there are several questions to be addressed.
One is why there was no mixed infection of genotypes 1b
and 2a. Mixed infection of different strains of genotype
1b might also be encountered. Another question is why
the genotype 2a was not as prevalent, even when needles
and/or syringe sharing had occurred. These issues are
also under investigation using molecular methods.

In conclusion, this is the first proof for the earliest
(1940) occurrence of HCV infection using formalin-fixed
samples stored for almost 70 years. This is also
demonstrated by nested RT-PCR using type-specific
primers that HCV genotypes 1b and 2a already existed
in Japan during the 1940-1949. Furthermore, HCV
genotypes 1b was predominant up to 85.7% in patients
with leprosy. These observations suggest the occurrence
of horizontal transmission of HCV during the period
1940-1980 in this leprosy sanatorium.
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Abstract :

Histopathological findings of a total of 20 cases of fulminant infectious diseases were
presented. These include @fulminant group A B-hemolytic streptococcus infection, @ Vibrio
vulnificus infection, @fulminant Staphylococcus aureus infection, @fulminant pneumococcal
septicemia, ®fulminant pneumococcal pneumonia, ®legionnaire's pneumonia, (D gas gan-
grene, ®diphtheria, @fulminant meningococcal meningitis, @enterohemorrhagic E. coli infec-
tion, @ fulminant necrotizing fasciitis in diabetes mellitus, @ lethal rhinocerebral
mucormycosis in diabetes mellitus, @fulminant viral myocarditis, @ influenza enceph-
alopathy. and Reye syndrome, @ swine-type influenza and diffuse alveolar damage,
@ Japanese encephalitis, @ cerebral malaria, @ fulminant Naegleric meningoencephalitis,
@acanthoamebic encephalitis, and @visceral leishmaniasis. Appropriate autopsy diagnosis of
these fulminant infectious diseases leads to “kindhearted” medicine for the dead, and should
be indispensable to avoid the risk of infection and eventually to keep the human society safe.

Key words: Fulminant infectious diseases, Autopsy, Pathological diagnosis,
Immunostaining, Biochazard
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FEABOBERRYE OREFRRE, 51 20 EEFIZB RT3 TR L 7. ORISR A B B AE
BBRSE, @Vibrio vulnificus BREE, QBUERIR A7 N RERYE, OBIFERIM A ERERYSE, ®
BIRERI G R BREEER 25, @ L VA4 X S i, QX XEH, @V 757V 7, OBIER S A Bt sipE %,
OB H M RS B R AE, BRI I fE 5 BIERIBEFE MM 4%, @BEIRAR IS He 8 U 7o Bty B &Y
La— Ve, QBIFER Y A IV ZHLEE, @4 v 7V U NEEE 5 A FEREE, Qi o7y
P EUFAUMRESE ORRRNE OtE<S V7, @7 LY THEREREEKE O7H Y 7
A= 3g, QRIRY — ¥ 2= = THE. Zh & BREBURGAE 12 0f g 2 IE U WREIZINL, “FEE ITEEL
WERE” I3 EFRIC, CHhOREHED S OB, 5 OHEOREMRFITR 2 EMTEL.

T C ® I WUEEBERF E LTHEBT 2HERE V. FBICE -

BIRER R EHE (fulminant infectious diseases) 113/ TR, HREPBEHPICEOANL AN - NIZBEN 3

EASBICETL, BEOEGEEMTRPET, 2K YR BEWPATEDL. KRFTR, EFEMBChE ol

RYE S BUERPEO ZHMEDE &b 5. BEAK B UCRERRGSED 5 b, & ICBEHERICERIIDHER

EREET Z2HE0 130, BEEBELEE TS/ 0ICRYE LI, EARROE TR T 5. HIREBFOEERE
BEFEAT A2 L0 H 5. KEOWHE L, RERHF 12 PHFERFOEEHRIRIE > T THIU.
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1) RIFERY A B p A EEREE

112, BN OBAR & S T RRTEAE U B R E
B D 40 B O AT AR 9. RS REE THIE
PEACARIRE U oo, REASEINT & o hs, SR
DT & AT L, BUMEYE Y 2 v 7 TR LA
(AFRE 3 ). M s & I & A BE B IEEE
Bagsh (M2), R=v Y vE2ELE OB EHR
T O RS SN, ML A I, BRI LR o 3
TE LRI B AT 5 07 LGERRESEE S hi.
IFhEREUR R ERD S il b - fo. RPNCiE, S8 o BEH:
PiEBk S DT RS - fe, ‘

RAYERZESNEWNIZ bhadhb &9, Skl
BEAX K UCHEOREE &5 A BB AEEO K
e ©, LI LIEEIEMTH 5. LB M0, HUE
W - T AR MRS O 7o D IR AT &
BT &G o, BAICHARLESNLE LD 5. strepto-
coccal toxic shock-like syndrome & ¥r& 3 “AM
W F Y THE O—ITH B, AFFABTIL, streptococ-
cal pyrogenic exotoxin (Spe) A, B, C, F % streptococ-
cal superantigen (SSA) & o e X ——HEINKHE
ELTHAShTOEY, 2= —HEIK 20T, 5 3
EesREhicu,

2) Vibrio vulnificus BYIMAE

P A REHET 5 50 B, BHICETT 2T
BE AR U, REBES o B AR R T, £ ERIG%
IR < T FE O W0 B R s B R I T ~ B T IR DAk D 1l % A B
EE SR B3 Gram BT, HEERIC L 0 —R
KMERBEROBEEZE L Tk (K3, 4). BF T 2% 2
HTFET U7z, Vibrio vulnificus BUMEE D BUBIFI<H b,
JRUAE B 75 B R & B 8 AR 7 7 U THE” OfR
EHTHE EAFOLRBERNEETHS.

V. vulnificus \SHEEY (EifEf, LA F) HOREL,
% BB IC B I % 4 U % (Vibrio BT I3
KA WFCIFHER T H 5). KBTI O & THeew
BETH Y, MERDOE 125 FEE OEFIT IR » THIEE
fbA &7, BiRRETHEDOBENICEELPT
DT, BEEN b EIFRESKLEBRTH 5. B
RT3, BIBEHRY EAMEREN S 5. BiE
FicHlE N & O S OERGIER S THREE U, “HIEH
gL O TH#ITT 20, BhE T, RO PIE
D RFEI SEENEL S, bBREICSWHTEEREA
Th 5B,
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1. BISERY A B B MEIRYE (Lo HE Yufa). BRI
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2. BUER A B B IAH B RRYLE (Gram Yu@, 7o BFLHEE 4.
FKHIM). 75 LGB AETEASE N B & R ILIEA
ED SN B (LTI E RIS A3 ).

3) BIERIEE T KU REREE:
toxic shock syndrome (TSS)

54T, BIFETIFE 7 N BREEMUALAE 1< X 2 [l Eh IR P
R ERERRT 5. EMERRCRE LR 7005
MYz vy Z7ICEDFT L. 28817 B - 2.
LEERBCERD VS ABHREO 30 = —PEKE
N, FFhERRISITEE S - . SR o R T, Hih
methicillin-resistant Staphylococcus aureus (MRSA)
MEMEEE -7 BRI RENRA S, EEHEED
FRRE G - MEOBEEE/(bEh- 7. HOE
ABIZREAE - 7o, FERBEHE % B - 7o C ZUFRER 3B
Bicgln TR E N, £ OREBIIRIER A BEER
RGE I AR S h e,

FEY Y7V ay 7 EGERE (TSS) &, HET FUEKE
DEE T B 5 FFE TSST-1 (toxic shock syndrome
toxin-1) IZ & » T, BKDEE, WHHLE, K2 (VEAM
OHIRALEE) , ¥ 3 v 7, DIC, ZE#REE KBEMHTH,
i, BEE FEELE) 2RTREXET 5. RIER
1~2 B TPE - BEICHEEBEZRD 5. 1979 £~1980



