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Abstract

This  report Exophiala infection in
cultured striped jack, Psewdocaranx dentex, in Japan
in 2005. One hundred out of 35 000 fish died per
day and mortalities continued for 1 month. Dis-
cased fish showed swelling of the abdomen and

describes

kidney distension. Numerous septate hyphae, pale
brown in colour, were seen in kidney in squash
preparations. Histology revealed abundant fungal
hyphae and conidia in gill, hearc and kidney.
Fungal hyphae were accompanied by cell necrosis
and influx of inflammarory, mainly mononuclear
cells. The fungus isolated from the diseased fish
had septate hyphae, pale brown in colour and
1.8-3.0 pm in diameter. Conidiogenous celis
were conspicuous annellides, short or cylindrical
or fusiform in shape. Conidia were one-celled,
ellipsoidal with smooth walls, accumulated in balls
at the apices of annellides that tended to slide down,
1.5-2.0 pm in width and 3.0-5.0 pm in length.
The tungus was classified into the genus Exophiala
based on its morphology and as Exephiala xeno-
biotica based on the sequences of the ITS 1-5.85—
ITS 2 regions of rDNA. This is the first record of
this fungus in a marine fsh.
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Introduction

Fungal infection caused by the genus Exophiala,
known as black yeast, has been reported in several
species of fish. The first report was by Carmichael
(1966) who described a systemic infection of
cutthroat trout, Salmo clarki Richardson, and lake
Salvelinus namaycush (Walbaum).  The
diseased fish exhibited cranial ulcers and erratic

trout,

swimming. The causative agent was initially named
a Phialophora-like fungus but later classified as
Exophiala sabmonis. Later, Fijan (1969) reported a
systemic mycosis in channel catfish, Jetalurus punce-
arus (Rafinesque), with skin ulceration and numer-
ous nodules in all internal organs. The aetiologic
agent was identified as a Phialophora-like fungus
but later reidentified as £ pisciphilus (McGinnis &
Ajello 1974). There are subsequent reports on
Exophiala infection in many other fish such as
Adlantic salmon, Safmo salar L. caused by E. salmonis
{Richards, Holliman & Helgason 1978: Otis &
Wolke 1985), cod. Gadus morbua 1., by an
Exophiala-like fungus (Blazer & Wolke 1979),
E. werneckii from spoiled salted freshwater fish
{Mok, Castelo & Barreto Da Silva 1981), Exophiala
sp. nov. from Atlanric salmon (Langvad, Pedersen &
Engjom 1985), smooth doghish, Mustelus canis
Micchill, by E. pisciphila (Gaskins & Cheung
1986), Atlantic salmon by E. pisciphila {Langdon
& McDonald 1987) and E. psyehrophila (Pedersen
& Langvad 1989) and King George whitng,
Sillaginiodes  punciata Cuvier, by Exophiala sp.
(Reuter, Hutchinson, Ham & Davis 2003). FExo-
phiala jeanselmei was isolated from eastern box
turtle, Terrapene carolino carolina L., (Joyner, Shreve,
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Spahr, Founmin & Sleeman 2006). Exophiala
species have also been found in various environ-
ments, such as £, jeanselmei isolated from soil and
wood (Dixon & Shadomy 1980), E. alealophila, F.
dermaritidis, E. jeanselmei and E.
bathwater and sludge (Nishimura, Miyaji, Taguchi
& Tanaka 1987), E. angulospora from well water
(Twatsu, Udagawa & Takase 1991), E mesaphila
from dental unit waterlines (Porteous, Grooters,
Redding, Thompson, Rinaldi, De Hoog & Sutton
2003) and E xenobiotica from habitats rich in
monoaromatic  hydrocarbons and  alkanes (De
Hoog, Zeng & Harrak 2006). In this study,
we described the first case of E. xenobiotica infection
in cultured striped jack, Pseudocaranx  dertex
(Bloch & Schneider), characterized by morpho-
logical, biological and molecular studies.

monilide from

Materials and methods

A fungal infection occurred in cultured young
striped jack in April 2005. The cumulative mortalicy
was approximately 8.6% within 1 month. Five of
100 moribund fish (on average 5 cm in body length
and 2 g in body weight) were randomly collected
for examination.

Fungal isolation

Kidneys from diseased fish were aseprically collected
and inoculated onto PYGS agar (peptone 1.25 g,
yeast extract 1.25 g, glucose 3 g, artificial sea water
37.60 g, agar 12 g) for 10 days. One conidium was
taken from each culture plate and inoculated onto
PDA (Nissui Co. Led) to obrain a pure culture. All
isolates were identified as the same fungus from
their morphological characteistics.

Fungal identification

For idencification of isolates, the shape and colour
of colonies were first observed after 1-month
incubation at 25°C on PDA and slide culcures
were made of isolates grown on PDA and mounted
in lactophenol cotton blue. Idencification was
according to De Hoog, Gené & Figueras (2000).
For scanning electron microscopy, 5-mm’ agar
blocks with growing mycelia were fixed in 2.5%
glutaraldehyde for 24 h at 4°C and post-fixed in
1% osmium tetroxide for 10-20 h at 4°C. They
were then dehydrated in ascending ethanol grades,
finally submerged in #butanol, freeze dried (JEOL
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JFD-310) and coated with palladium and gold
(JEOL, JFC-1600). Samples were examined with a
scanning elecrron microscope (JEOL, JSM-6380
LV). The effect of temperacure and NaCl on
growth of isolates was examined following the
Hashiba,

method of Munchan, Kurata, Harai,

Nakaoka & Kawakami (20006).

Molecular biological identification based on ITS
1-5.85-ITS 2 regions of rDNA

The sequences of the ITS 1-5.85-1TS 2 regions of
the rDNA were obrained by routine methods.
Briefly, DNA was extracted with a DEXPAT * kic
(TaKaRa) using a modified procedure. Approxi-
mately 100 pL of fungal cells cultured ac 25°C for
2 months on potato dextrose agar slants were placed
in a sterilized microtube (1.5 mL); then 0.5 mL of
DEXPAT® solution was added and che mixture was
homogenized with a plastic pestle. It was then
incubated ar 100°C for 10 min and cencrifuged at
13 201 g for 10 min. The supernatants were used
as DNA samples. Although this type of kit is
designed for extracting DNA from paratfin-embed-
ded tissue samples, we routinely use it for che
isolation of genes from fungal cultures because of its
(Murata, Sano, Ueda, Inomar,
Takayama, Poonwan, Nanthawan, Mikami, Miyaji,
Nishimura & Kamei 2007). We mixed 2.5 pL
of the DNA extract with Ready-to-Go beads
(Amersham Pharmacia), 2.5 pL of 10 pm of the
primers ITS-5 (5-GGA AGT AAA AGT CGT
AAC AAG G-3') and ITS4 (5"-TCC TCC GCT
TAT TGA TAT GC-3) (Swofford 2001) and
17.5 pL of distilled water. The reaction mixture
was subjected to one cycle of denaturation at 95°C
for 4 min, 30 cycles of amplification at 94°C for
1 min, 50°C for I min and 72°C for 2 min, and a
final extension cycle at 72°C for 10 min wich a
PCR cthermal cycler MP (TaKaRa). The PCR
products were confirmed by electrophoresis in 1.0%
agarose in 1 X TBE buffer (0.04 y Tris-boric acid,
0.001 M EDTA, pH 8.0) followed by ethidium
bromide staining. The PCR samples were purified
using 2 PCR purification kit (QIAquick®; Qiagen
Co. Ltd.) and labelled with BigDye™ Terminator
Ver. 1.1 (Applied Biosystems) following the
manufacturer’s protocol. The labelied samples were
directly sequenced on an ABI PRISM®™ 3100
sequencer (Applied Biosystems) using the primers
ITS-5, ITS-4, ITS-2 (5-GCT GCG TTC TTC
ATC GAT GC-3') and ITS3 (5"-GCA TCG ATG

convenience
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AAG AAC GCA GC-3) (White, Bruns & Lee
1990). DNA sequences were aligned using GENETEX-
MAC genetic information processing software {Soft-
ware Development Co. Led).

One hundred and three nucleotide sequences
from Exophiala spp. obtained from the GenBank
database, together with the sequences obuined in
this study, were aligned using the compurter
program cLustaLx (Version 1.8) (Jeanmougin &
Thompson 1998), followed by manual adjustments
with a text editor. Phylogenetic analyses were
performed with paue v4.0b10 (Swofford 2001),
using a heuristic search for maximum parsimony
trees. Basepair composition and transition and/
or tansversion patterns of the dawa ser were
estimated by paup v4.0b10. Bootstrap values were
calculated over 1000 replicates to assess branch
topology. A phylogenetic tree was selected from
1000 unrooted trees and was drawn by Tree View
PPC  (hup://taxonomy.zoology.gla.ac.uk/rod/tree-
view.html). Clades were supported by bootstrap
values abave 90%.

Histopathology

The gill. heart and kidney of diseased fish were fixed
in 10% phosphate-buffered formalin solution,
Samples were routinely embedded in paraffin and
sectioned at 5 pm. The sections were stained with
haematoxylin and eosin (H&E) and Grocort's
variation counter stained with haematoxylin and
eosin (Grocott's-H&E).

Resuits

Diseased fish showed clinical signs at necropsy such
as abdominal swelling (Fig. 1) and kidney disten-

Figure 1 A diseased striped jack showing swelling of abdomen.
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tion. Microscopic examination of the kidney of
diseased fish revealed numerous seprate hyphae,
pale brown in colour, in squash preparations.

Fungal identification

The colony morphology of cthe fungus after
PDA ar 25°C was

inicially a black yeast form. It then became woolly

P

I week of incubation on
and velvety and olive brown in colour buc black

on the reverse side after 4-week incubation
(Fig. 2). Hyphae were septate and pale brown
in colour, 1.8-3.0 pm in diameter. Conidioge-
nous cells were conspicuous annellides, short,
cylindrical or fusiform in shape. Conidia were
one-celled, ellipsoidal with smooth walls and
accumulated in balls at the apices of annellides
that tended to slide down, 1.5-2.0 pm in widch
and 3.0-5.0 um in length (Fig. 3). Colony radius
of the fungus incubated on PDA ac 10, 15, 20,
25, 30 and 35°C was 1.1, 8.6, 18.3, 23.3, 24.8
and 0 mm, respectively. Colony radius of fungus
incubated on PDA including 0%, 1%, 3%, 5%
and 7% NaCl was 23.8, 23.7, 19.7, 13.2 and
3.1 mm, respectively. The fungus grew poorly at
9% NaCl and there was no growth at 11%

NaCL

Molecular identification based on the ITS
1-5.85-ITS 2 regions of rDNA

One of the 1000 most-parsimonious trees obtained
from heuristic searches based on the 103 sequences
of the ITS1/2 region is shown in Fig. 4. The tree
consists of seven clades and was rooted to Clado-
phialophora carionii (AB109169). Clade [ consists
of Exophiala spinifera and E. nishimurae, 11 is made
up of E. oligosperma, E. jeanselmei and Exophiala
sp. O is of E. jeanselinei, IV is of Exophiala sp..
E. spinifera, E. xenobintica and the present isolare, V
consists of E. dermatitidis, VI of E. heteromorph and
VU of Exephiala sp., E. lecanii-corni, E. mesophila,
E. salmonis and E. pisciphila. Exophiala crusticoln
appears as an orphan sequence.

Histopathology

Numerous fungal hyphae were found in gill, heartand
kidney of striped jack. Ellipsoidal conidia were
particularly observed in the lesions (Fig. 5). The
presence of fungal hyphae was accompanied by cell
necrosis and an influx of inflammartory, mainly
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Figure 2 Colony of Fxpphiala xenobiotica cultured on PDA at 25°C for 4 wecks. (a) Surface is initially moist, becomes woolly and
velvery with age, olive brown in colour. (b) Reverse side is black.

{15, aas

Figure 3 Exophiala xenobiotica. () Slide cultire on PDA after 4-week incubation at 25°C (lactophenol couon blue). Conidiogenous
cell with conidia accumulaced in balls a apices and tending to slide down. (b-d) Scanning electron photomicrographs. (b) One-celled
conidia, ellipsoidal with smooth walls. (¢-d) Conspicuous annellides conidiophores (arrows).

mononuclear cells. Mats of fungal hyphae were  hyphae. Granulomatous inflammartion was seldom
embedded at the base of gill filaments. Lamellar ~ found. The centre of granulomas consisted of
& 2009 The Authors fusion and hyperplasia wereassociated with the fungal  eosinophilic necrotic parenchymaand fungal hyphae.
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Figure 4 Most-parsimonious tree based on 103 sequences of the ITS 1-5.85-ITS 2 regions of ribosomal RNA. The scale bar shows 10
changes: hootstrap suppost values (> 90%) from 1000 replicates are shown at the nodes. Thickened lines indicate the restrict consensus
branches. The wee was rooted 10 Clidophialophora carionsi (AB109169). (a) Clade I cansists of Exophiala spinifera and F. nishimune, 11
of E. oligosperma, E. jeanselmei and Exophiala sp.. WL of E. jeanselmei. IV of Exophiak sp., £. spinifera, E. xenobiotica and the present

isolate, V' of £, dermatitidis, V1 of E. heteromorph and VIL of Exophiala sp., E. lecanii-corni, E. mesophila. E. salmonis and E. pisciphila.
(b) A close up image of che clade IV,
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Figure 4 Continued.

AY857537 Exophiala sp. (CBS 642.82)
AM182179 Exophiala sp. (JS-1175)

(b)

10 DQ182593 E. xenobiotica (CBS 117642-D)
DQ182594 E. xenobiotica (CBS 117653-A,B,C)
AM182175 Exophiala sp. (JS-2035)

AM176734 E. spinifera (2087)

DQ 182588 E. xenobiotica (CBS 117665-A,B,C)
AM182164 Exophiala sp.(JS-2058)

AM182187 Exophiala sp, {JS-1171)

DQ1825687 E. xenobiotica T(CBS 118157 -A,B,C)
AM176704 Exophiala sp. (JS-1350)
AY857536 Exophiala sp. (DH 13236}

AY857535 Exophiala sp. (DH 11807)

AY857538 Exophiala sp. (CBS 110555}
DQ317336 Exophiala sp. (BC36)

AY843179 E. spinifera (TRN497)

DQ182590 E. xenobiotica (CBS 117673 -AB,C)
AY857539 Exophiala sp. (CBS 115831)
DQ182589 E. xenobiotica (CBS 117674 -AB,C)

_m.ﬂ_[ DQ182591 E. xenobiotica (CBS 117641-D)
DQ182592 E. xenobiotica (CBS 117676-D)

C Munchan et al.  Exophiala mfection in cultured siriped jack

Figure 5 "Histopathological features of Exophiala xenobintica infection in striped jack. (a) Gill showing mats of fungal hyphae embedded
in gill arch and penerrating into gill lamellae. (b} Cross-section of the heart showing heavy infilration of fungal hyphae. (c) Higher
magnification of heart tissue showing conidial apparaws (arrows). (d) Fungal hyphae invading kidney associated with necrosis and influx

of inflammarory cells (a—d = Grocot's-H&E).

Discussion

The genus has so far been reported as pathogenic in
fish or other aquatic animal populations (Carmichael

Exophiala spp. are called black yeast fungi because ~ 1966: Fijan 1969; Richards ez al. 1978; Blazer &
they produce a black yeast phase on culture media. ~ Wolke 1979; Langvad er al 1985; Otis & Wolke

898
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1985; Gaskins & Cheung 1986; Langdon &
McDonald 1987; Pedersen & Langvad 1989; Reuter
et al. 2003; Joyner er al. 2006). The species of
Exophiala reported in fish include E. pisciphila, E.
psychrophila and E. salmonis.

The morphology of the present isolate, NJM
0561, differed from the three species of Exophiala
previously found in fish in the conidial size and in
growth temperature (Pedersen & Langvad 1989).
However, these criteria are of limited value for
distinguishing between these species. All morpho-
logical and biological characteristics, together with
molecular data, are necessary to identify a fungus.
Isolate NJM 0561 was similar to E. xenobiotica
described by De Hoog e al. (2006) in colony
appearance, conidiogenous cell shape and conidia
shape, but our isolate did not produce chlamy-
dospores and failed to grow at 35°C. The isolate
did grow at 10-30°C and in 1-9% NaCl and
appears 1o be able to survive in a broad range of
environmental conditions. In phylogenetic analysis
of the ITS1-5.85-1TS2 regions. the present isolate,
which was isolated from the kidney of marine fish,
corresponded with the source of the other isolates
in clade 4 which originated from sea water.
However, Uijthof, Figge & De Hoog (1997)
constructed a phylogenetic tree based on the I'TS1
sequence of Exophiala species described from fish,
including E. pisciphila and E. salmonis and found
they formed a heterogencous group. The present
study used not only ITSI but also the 5.85 and
ITS2 regions and found our isolate separated from
other fish pathogenic Exophiala species. The
present fungus was identified as Exophiala xeno-
biotica, based on thé presence of annellidic
conidiogenesis to identify genus and molecular
analysis of the ITSI-ITS2 regions for species
identification.

Clinical signs of the diseased fish included
swelling of the abdomen and kidney distension,
as reported by previous authors (Richards et al
1978; Langvad ez al. 1985; Ods & Wolke 1985).
However, there was no ulceration or any other skin
lesions in the present case, which contrasts with the
fndings of Fijan (1969). Blazer & Wolke (1979),
Otis & Wolke (1985), Gaskins & Cheung (1986),
Langdon & McDonald (1987) and Reuter er al.
(2003). Histopathology revealed abundant fungal
hyphae in the gills, heart and kidney of diseased
fish. The parenchymal cells of the affected organs
which were invaded by hyphae showed prominent
necrosis and there was mononuclear cell infiltra-

899

tion. Neither granulocytes nor gianc cells were
tound in contrast to the previous reports (Fijan
1969; Richards er 2/, 1978: Blazer & Wolke 1979).
The route of transmission of the fungus in the
present case is unknown, however, the presence of
fungal hyphae in the gills may indicate that the
infective stage might pass through the gills into the
hish circulatory system. This report is the first
record of striped jack infected by E. xenobiotica in
Japan.
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The fungus Paracoccidioides brasiliensis is
the pathogen of paracoccidioidomycosis
(PCM), a systemic mycosis prevalent in
Latin America. The loop-mediated isother-
mal amplification method (LAMP) was used
in this study to detect the presence of
P. brasiliensis in sputa samples from patients
with chronic PCM, suspected PCM, and a
negative control. The target P. brasiliensis
gp43 gene was amplified in less than 4 hr in
11 of 18 sputa samples tested. The LAMP

method had the advantage of speed and
simplicity compared with the classic diag-
nostic methods such as the histopathologi-
cal test or biological material culture
and did not require sophisticated technical
apparatus. It would be an important
aid in cases where immediate treatment
would mean patient survival, especially
in immune-suppressed patients. J. Clin.
Lab. Anal. 23:139-143, 2009. ¢ 2009
Wiley-Liss, Inc.

Key words: gp43 gene; Paracoccidioides brasiliensis; paracoccidiomycosis; LAMP

INTRODUCTION

Paracoccidioidomycosis (PCM) is a systemic mycosis
caused by the Paracoccidiodes brasiliensis (P. brasilien-
sis) fungus. To date, the natural habitat and saprophytic
life conditions of P. brasiliensis have not been totally
clarified (1). There are reports of isolation from penguin
feces from Antarctica (2), soil samples (3), dog meal,
soil-contaminated (4), fructivore bat gut (5), and
armadillo gut (6).

The geographic distribution of the mycosis is re-
stricted to Latin American countries (5,7). As it is not a
disease with obligatory notification, its true prevalence
cannot be calculated. In endemic countries, such as
Brazil, it is estimated that the annual rate of incidence in
the population is 1-3 per 100,000 inhabitants and
mortality of 0.14 per 100,000 inhabitants (8). It is
estimated that in these regions there are approximately
10 million persons infected by P. brasiliensis and most
have no clinical symptoms (1).

The PCM infection mechanism occurs by conidia
installation, which can be destroyed in the lung
parenchyma or produce a focus of infection drained to
the lymph node region, forming the primary infection
complex. It can disseminate by the hematogenic and/or

© 2009 Wiley-Liss, Inc.

lymphatic path, reaching other organs and causing the
juvenile or acute form (9) or remain with a primary scar
focus with viable fungi called a “quiescent lesion,”
which evolves to chronic PCM (10).

Diagnosis is based on culture, histopathology, and
antibody detection in clinical samples. The latter can be
problematic depending on the antigen used, with the
occurrence of cross-reaction, and false-positive or false-
negative results (11). In cases of patients with immune
problems, although it is not considered an opportunist
fungus, immunological diagnosis can be hindered by
reduced antibody production. In histological sections,
P. brasiliensis might be missed or confused with
other dimorphic fungi such as Histoplasma spp. or
Coccidioides immitis (12).

In non-endemic areas, diagnosis is problematic for
clinicians, pathologists, and microbiologists unfamiliar
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with PCM and its etiological agent (13). To improve
the sensitivity and specificity of PCM diagnosis,
P. brasiliensis identification has been attempted by
molecular techniques. Recently the LAMP technique
was used by Endo et al. (14) to identify the species-
specific gene gp43 of P. brasiliensis without cross-
reaction with other fungus isolates. Using only one
sample of histological cuts, it was suggested that the
method could be used in other types of clinical samples.

The LAMP method was assessed in this study for
PCM diagnosis in human sputa samples using the same
primers that were used by Endo et al. (14). It is a fast
and specific alternative method; the use of sputa is a
non-invasive sample collection technique and does not
expose the patients to risks. It can be used as a
complementary technique especially in cases where a
delay in diagnosis may put patients at risk.

MATERIALS AND METHODS
Clinical Sputa Specimens

The sputa samples obtained from 17 patients with
chronic PCM (male, aged 28-72 years) with a diagnosis
established by X-ray, clinical data, and isolation by
culture and/or serological tests (Table 1, samples 2-16
and 18-19), one suspected PCM (Table 1, sample 17)
and 01 negative PCM control (Table 1, sample 20)
from the Pneumology and Infectious Disease Sector,

TABLE 1. Patient’s backgrounds and results of diagnoses

University Hospital, State University of Londrina,
Londrina, Parana, and Sanitary Pneumology Sector of
Integral Infection-contagious Center, Municipal Health
Service, Londrina, Parania were collected in Brazil
between November 2000 and June 2003. The back-
grounds are shown in Table I (Samples 2-20). The sputa
were defrosted and fixed with 70% ethanol overnight,
dried in Brazil at room temperature, and analyzed in
Japan. The dried sputa were washed with distilled water
three times with centrifuging, and processed for DNA
extraction.

A 44-year-old male who was 3rd generation of
Japanese-descendant Brazilian was diagnosed with
PCM by clinical manifestation, cytological observation
of the sputum, and fungal culture in Japan (15). The
preliminary study for detection of gp43 of P. brasiliensis
from the sputum by the LAMP method was positive
(Table 1, sample 1). The sputum was fixed with 70%
ethanol for overnight, rinsed with distilled water three
times, and processed for DNA extraction.

Extraction of DNA From Sputa

DNA was extracted with DEXPAT® (TaKaRa
Biomedical, Inc., Ohtsu, Japan) according to the
manufacturer’s instructions. Five hundred microliters
of the extract solution was added to the washed pellet of
sputum, whose volume was approximately 50 ul. The
mixture was incubated at 100°C for 10min and

Immunological test

Sample number Age Involvement Chest X-ray ELISA ID Cytology or biopsy Fungal isolation LAMP
1 44 P + ND ND + + +
2 65 M + 1/800 1/16 + + -
3 46 M + 1/400 1/4 + - -
4 45 MP + 1/200 1 + - +
5 50 M + 1/400 1/8 + - +
6 72 P + 1/800 1/16 - - -
7 53 P + 1/400 - - - +
8 65 L + 1/200 1/8 - - +
9 46 M + 1/200 - + _ +
10 67 M + 1/800 1/8 - - +
11 70 P + 1/800 - + - +
12 52 P + 1/800 1/16 + - -
13 51 M + 1/800 1/4 + - —
14 41 P + 1/200 1/4 - - +
15 50 M + 1/400 - - - +
16 50 M + 1/800 1 + + —
17 70 P + 1/800 - - - -
18 . 40 P + 1/200 - - - +
19 77 P + 1/800 1 - - -
20 28 Control - - - ND ND -

All patients are male. P =pulmonary involvement, M =mucocutaneous involvement, and L= lynphatic involvements {ND = not done;
— = negative result). 1 = Patient diagnosed in Japan, 2-19 = patient diagnosed in Brazil, and 20 = healthy control.
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— 591 —



centrifuged at 12,000rpm (13,201g) for 10min. The
supernatant was then processed for the LAMP.

LAMP Method

The LAMP method used in this study was developed
by Endo et al. (14) and detects the gp43 gene with a
combination of F3 for LAMP, B3, FIP, and BIP primers
designed from the partial sequence of gp43 (GenBank
accession number U26160) by a registration system
primer designing web site (FUJITSU Ltd., Tokyo, Japan:
“LAMP PIMER EXPLORER” web site in ‘“Netlabora-
tory” homepage http://venus.netlaboratory.com/partner/
lamp/index.html). These primers recognize an area of
gp43 where variation among strains has not been
reported.

The primer sequences were as follows: F3 for LAMP,
5-TCA CGT CGC ATC TCA CAT TG-3 used in the
species-specific forward primer; B3, 5-AAG CGC CTT
GTC CAA ATA GTC GA-3 used in the species-specific
reverse one; FIP, 5-TGG CTC CAG CAA TAG CCA
CCC GTC AAG CAG GAT CAG CAA T-3 designed
from the forward sequence of 425th-445th and the
complementary sequence of 464th-485th; and BIP:
5-CAT GTC AGG ATC CCG ATC GGG CCT TGT
ACA TAT GGC TCT CCC T-3 designed from
the forward sequence from 648th to 668th and the
complementary sequence from 691st to 712th. One
microliter of 10 ng/ml DNA template, and 40 pmol each
of the FIP and BIP primers, and 5 pmol each of the F3
for LAMP and B3 primers were mixed with 12.5ul of 2
reaction mix in the kit (Loop AMP, Eiken Chemical
Co., Ltd,, Tokyo, Japan) in a final volume of 23.0ul.
DNA mixtures were incubated at 63°C for 120 min. The
reaction was stopped by heating the mixture at 80°C for
2min to inactivate the enzyme of LAMP amplification.
_ The amplified products were electrophoresed in 1.0%
agarose gels in TAE buffer (40mM Tris base, 20 mM
acetic acid, and 1mM EDTA) and stained with
ethidium bromide. DNA extracted from a P. brasiliensis
isolate (IFM 41621, Pb-18) was used as a positive
control for the amplification.

Double Immunodiffusion in Gel

Six glass slides (2.5 x 7.5cm) were covered with a
3.0 mm-thick layer of agar (1% agar, 0.85% NaCl, and
0.02% sodium azide) with seven wells (one central and
six peripheral). The P. brasiliensis exoantigen sample
was applied to the central well, and serum sample in
duplicate with no dilution, and 1:2-1:32 dilutions were
applied to the peripheral wells. The samples were
incubated in a humid chamber at room temperature
for 24 hr. The gel was washed, dried, and stained with
amido black.
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RESULTS

LAMP-ampilified products appeared as a ladder of
bands on electrophoretic gels. The preliminary trial of
the sputum from a Japanese patient is shown in
Figure 1(a). It was possible to amplify the target gene
in 11 out of 18 sputa samples from Brazilian PCM
(Fig. 1. (b, ¢)).

LAMP-positive samples included cases that were
negative by cytology/biopsy and fungal isolation
(Table 1). Without correlation to LAMP, 12 out of 18
patients were positive in immunodiffusion (ID) test for
PCM. LAMP-negative samples included 8 samples that
are positive by ELISA (Table 1 samples 2, 3, 6, 12, 13,
16, and 19), 7 samples positive by ID (Table | samples 2,
3,6,12, 13, 16, and 19), by biopsy (Table 1 samples 2, 3,
12, 13, and 16) and by biological material culture
(Table 1 samples 2 and 16).

DISCUSSION

There is difference in sensitivity and specificity for
immunological test to confirm PCM diagnosis. Mot-
phological and physiological characteristics used in
classic diagnostic methods are complex. Developing
simpler and complementary techniques has become
important, especially due to the increase in the number
of immune-suppressed patients. Therefore, a clear
diagnosis of fungal infections is necessary.

The certainty diagnosis of PCM consists in showing
the pathogen in histological preparations, visualization
in fresh or in culture exams (16). However, there are
cases where physical or clinical state prevents access to
the lesion because invasive methods are usually used for
collection. In these cases, serological techniques provide
important auxiliary diagnosis. Although the serological
techniques such as ID and ELISA are used to confirm
PCM diagnosis, the rates of false-positive and false-
negative results are still very high, and the specificity and
sensitivity of the technique are directly related to the
antigen or antibody used (17).

ID was the method used by clinical laboratories because
it is an easy procedure, but the results can vary because of
different parameters, including the antigen preparation,
the form of the disease, and the starting of treatment (18).
The follow-up of patients receiving treatment for PCM
has shown that the antibody titers obtained by the ID test
frequently do not correlate with the clinical status of the
patient (19). In some patients, high antibody titers were
observed until the end of the treatment when the patients
were clinically cured. On the other hand, low antibody
titers are related to the absence of clinical symptoms in
most patients. However, in some cases low titers are
present although clinical symptoms are present (20).

J. Clin. Lab. Anal. DOI 10.1002/jcla
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The detection of gp43 gene of P. brasiliensis by the LAMP method. (a) 1= First PCM case diagnosed in Japan by LAMP; (b, ¢)
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2-19 = Brazilian PCM patients and 20 = Healthy control (Table 1). The specific DNA banding patterns for the gp43 gene of P. brasiliensis:

Pbl =IFM 41621, Pb2 = Pb 18, and M = marker.

The ELISA test has been used to detect antibodies in
most systemic mycosis. In spite of this, compared with
the immune diagnosis of PCM, the technique still offers
high percentages of crossed reactivity, especially in
patients with histoplasmosis, candidiasis, “Jorge Lobo”
disease, and recently against sera from apparently
healthy persons, resident in PCM endemic areas (11).

Against other molecular tests, LAMP has shown the
advantage of greater sensitivity, because using clinical
samples and the same target P. brasiliensis DNA, a
minimum of 1ng was detected by the PCR technique
(21), whereas in LAMP, the minimum sensitivity
reported was 100fg (14). Moreover, LAMP does not
require sophisticated technical apparatus, neither high
biosafety.

In the first instance, the results presented here can be
interpreted as false negatives or with low sensitivity
because from 18 potentially positive samples, 11 were
confirmed. However, when analyzed case-by-case, we
can state that the LAMP method was successful in the
proposed task.

The negative sample by LAMP number 17 (Table 1)
was from a patient who presented a non-specific lung
clinical condition, later diagnosed as candidiasis, which
explained the ELISA reagent by a crossed reaction. This
assertion was supported by the non-demonstration of

J. Clin. Lab. Anal. DOI 10.1002/jcla

P. brasiliensis on the histopathological tests and negative
attempt of isolation by culture.

Most samples (Table 1 samples 2, 3, 6, 13, and 16).
before collecting the sputa samples, received medication
treatment with sulfametoxazol and trimetoprima, which
explained the non-presence of the fungus in sputa but in
the tissues confirmed by the highly reactive ELISA
(majority with 1/800, except for sample 3) and the
positive isolation in two biopsy tissue samples (Table 1,
samples 2 and 16).

In group of negative LAMP, the form classified as
lung (Table 1, sample 6) was negative for culture and for
visualization of the fungus by histopathology, which
was in fact, a sample from a patient considered cured.
Two cases were of tuberculosis, where there was no
P. brasiliensis isolation (Table 1 samples 12 and 19),
only visualizing on a histopathology slide (Table 1
sample 12). This would be expected because the lesions
can remain surrounded by tissue for years in lesions with
viable fungi, which does not mean active fungemia (17).
There is a possibility that, at the moment when the sputa
samples were collected from this group, except on
sample number 3 where the etiological agent was
different, there was a PCM infection. The positive
radiological result in these cases are due to so-called
“radiological lung scars” (12).
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On the other hand, the 11 positive samples were of
PCM disease, in its chronic form, with lesions in the
oropharinge, in the process of acute clinical condition.
All these patients were from centers of reference for
long-term PCM treatment, with an average of 10 years
treatment, with previous diagnosis demonstration by
biopsy or culture. Medication treatment was quickly
established, which led to clinical improvement and
normalization of serological tests (data not shown).
Through assertive treatment, the results by culture were
all negative. This supports the need for other techniques
for P. brasiliensis detection, because although it is
considered the diagnostic gold standard, the small trace
of fungus found in the biopsy tissue can lead to non-
isolation (9, 11, 17).

Thus, the LAMP method can complement PCM
diagnosis. It has the advantage that cross-reactivity
does not occur. It is fast, sensitive, and false-positive
results do not occur because it uses a single diagnostic
parameter. It is the detection of the single nucleotide
sequence for P. brasiliensis, unlike some immunological
tests that use indirect detection methodology of micro-
organisms, which depends on many unknown factors of
parasite-host relationship for certain diagnosis.
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KroMETRERL, WOHBTREIIHBNLE
WOTL . HEIZH D2 WHEEBO»ET 5.
WUEIIZ1350 2 4 (conidiophore) 4 & UFRiIw
HR A DL T, DO 54T (conidium) A
W3 h b, Ko4T (macroconidium) {3 {E7 ~
25um, XN HEFIETH 5. MlaREITIE
KEWEE L nfgRkomiLrabon b Nt
(microconidium) (X2 ~ 6pum. W dH L iam
HRETHL (BED, 1% 7 FPofEzifimL e 7
LAY =1 A0 72— 3 %K (brain heart
infusion agar) vy, 35~ 37 CTR#ET L LT

EE1 a A7 b FFA Mo —AEXPWEH, 25T,
SHRM(E) E1% 7 Fo8@Em7 L4 vn—
P Y 7a—Ta YEXRFIEEEM, 35C, 7H
OBBRER (), b 7u—3E# c K7
FFEFERAPOD—-ZAEREM ECOEE, 25T,
2HRM, d ANV Y VEELLZEF PFFA
PO —ARKFEEH EOEFEO» ZHLYER,
G/ —=Na by T N—lEE B, N—
1 20um, %200, e.dA <Y CEEHBRESE
DPERVERS 7 b 72/ —a by T h—
B - Hefh, /N—13 20pm. x400.

M~ RO DORENBREE 2 BT L B 5. R
MU ETE £ 2, A2~ dum Th DY .
Lo L, — S COWBANBENL, B
PP THDL I Ehb, HFETELL,

I REBAO variety

3HH O variety 12700 S LT WA ™ 5 HIfE,
HEON—2— FRETFLVHITWL YRy — A4
RNAGE{ZF o) ITS SO RIS, % #5114 o
Fidk, variety (20 S TEIN TS » .
LorL, ¥ 2 0HEOL XD A P75 X
IZBET AMAEE LT, H2ZTHRAT L.

H. capsulatum var. capsulatum \2 X B9 T A5 —
VAW A 7T X<l (histoplasmosis capsulati)
BRI R oA R E L, e b2
DEFHWATEEST L. HARTORROB LI
IYEYDOESLENY QRSP L TV D E v
TWwd, IV A M7 AR E IR Thwa Lo
BCOMBTH L. DHETHAE L A8 AR (3
EAEDRZORIMTH b,

H. capsulatum var. duboisii \2 L 5 XRT Il
A+ 77 X<JE (histoplasmosis duboisii) {7 7 1)
HREATHE L DAET S A GIAEL IR
HINT Lo 0, IO TIE, 1957 412
Yamato & A i U 72 5E 50 00 9% BLALEES T o) §% B
HROREEIHFRRXRETHS722 ehn ™, HhtHE
WL ZOBOY A NT T ARIEN AN AT H S
EARIESN TV L%, v boflize v B
LI EHFMBILTVA,

H. capsulatum var. farciminosum (¥ 7213 H. far-
ciminosum) 12X B 7 7N Y ) —Z LM 2 T
F A (histoplasmosis farciminosi) (34 ¥4z
ZO [ IR A N = DAL HF 5 NN R B e
S OIAHHED I IR, AT o8
RRIhH LoD H 5

NTAT =0 LA ZRT IR E DN HRED
T 7V ARETH LI, GG ORI A5
HOENIZHARTRE < (RS~ 15um), Mk
IZZHoO] GRASIBLL T <2 & v DA Im g Al
OIS 2N ICERRS NG, T
TNy I —RLTNE AT AT —y LB IR
(PRSI E AL AR
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IEETT

LA 7T A il S FEA S, i, AR ARy
Wi Ly SRS K O it cdp 2% =

HTAT— LATOE L OFETHE L-TRE 3
v E=JIREAS T EN D, ¥ FOERIZV D
FTHLHRL, I N OED S AP EHEIE T
XN TWD,

E200ATIET v LRI TH B T
DA F 4 AFIE THEICABERIZG ) Ew
ﬁaN%Ax#&ﬂLiMﬁ(iﬁbﬂZﬁjv%Uvﬂi‘
HiELTwd H capsulatum DA EWUAT S

X YIIET D, DAETL T L I:HMME}_#T?
Y it ’I(Dh‘tl‘.'i wliofb &, gy okl
B L Tz H capsulatum O 55 2 vaA M 8
HEBPIERELLBHE SN TwD, T 2o
WTNHLT LB L KRHOMREEE LTS
AU HERETR, TV, T
N T v, RFAAXL T ETOREOEINIE. 7
TIFwTI, AFTILEATTC, ZoMHEIEE Lo
AT S L 7T e A oMb,

. bHED FEFEMSE LTRSS
TWhHH, avE )R, THELZENSTEEI N
AERIZ GO L T ARV,

BIOWATHME LTHEMT Y72 5. FR2y 4
DAL HMIE L o> T D, X5
E, BB, 7140, YU HR=N, S FR D
T b= T, NV Fa, 4N A=A
MFUT. Za—A L Fo7 L ETHEARRE S

Eh FET7T2THEDT, KHTVTHLLET

WIEBIZR L TwhEEz SRS,

'1%40)'0561'1‘}&2: L TihiEamEs s o b, 1
WA 7Y TS EHFOMRGEMERY B L UOVEAD
HPIARIEL T b, ZOMORGELT, #7
27— WIERIZGERLT 7Y AR A LT T X
RIEELVIRE, ARTIVHEANTT ARED
BEDPRELTHWLIETH D

ART Ve A 75 AVEDRTIIT 79 %
THhhb, DM TIZHASHBE LTT 7 ) A9 60
PEIAERMFLS, AR 7 VPRI TV 5.

TrNYI)—=RLTe A N T AHEORITH
LTI 7, A=Fo. AN BNFAF 2,

NTwb, 727

30

HEREE, Hy v bEH, HBIO0RT VT4
EB L ORI O bAEL ERB TS LL

 VoEReE

WP B e T e MR ThH DH. LarL, 77
N3 ) —XNHe AN 5X’MTM%@1\%
AR ER YA T M L E e T WD 2, IR
BEAAIZHE L R T I A b S

Twb, FLEHTIE, A ZOLANTT ATHD
IHAREE & U LD VURIBE X LTV B 7

V.EFTORRER

ﬁTZ%WVAMﬁ;wfﬁﬂywtxbfﬁf
AN IR E D B IR D DL
U OACIREIE C RAPSEEE Y 5. L LS
BRI D2 2B e b H Y KBTI
M EHEDNDL Z b8 v, PHOBHIIB T
AL Ly b, & QLR W U o3l &
MMM B AR RS 3 5 B KT ORI ALBE R I
NOREEMN) 2L H L. T DR TR
7)*;;;1 s BRFRAEIRIZ L D LT o XA i s ivtn
7"

1. Ml A TS XTE

e S ERMBIL, B, PREORR, B
ME LA L e, BEBOREIRTAD S B
—’9LZ)7§‘ ZCRTRERT L, HENEZ L HR

Mmmﬂ\mm‘wﬁém*‘agméAmf
XHETid, Wi—) > @lioEEemErRONRL . i
Muit@ - OB 7 8y — . FHAD

B FRE X AT O ESEEANC B WA e fi
“'ﬁﬁfﬂ IEOOND.

2. BMME A NS AVE

NIRTEE 72 ZPHAE D IR GO Rk U %o BiE
bWk, e, PPIRIREE, FEER, S RIREORE
SE R BB A Jbbn& XTI, WAWALRHEC
WA o 7% BRI BTN, 3T 8T np
il mﬁ(@fﬁﬂﬁﬁf%\MMfmﬁ&P%ﬁ
T, BB E T B oM Rt &
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3. EREME A NTIATIE

WATEE. U v STEE. MR E A LR LR MR
Mg 28004 05, B8 L, IR0 & Ot
T, U v SEM R IWIER, A ('f}lﬁl\ 1l
M ERHCAE ) . R (BN g, IRERE S |
L9522 (l}ﬁ'f‘ﬂ)""@%( bbby &, ﬁlif:(iﬁrﬂ‘m\
AW MR, R EIE A AL B H1$2N
I 1F7«> EEE L v b RENIEISEG
Td D, ABUIERR, TGRS, A7a4F
i, RO SR A R (AIDS) % & oA
ORI LR OIS,

4, 2O

Bclad 2250, F. B, SUBME, IR,
s X USRI, ML LD N DD W
LB ORWEIZL, TH, THEREZI T EhDH L.

F 7o DA TR 0 B g BB % R
3‘I2FW““i‘lﬂb#vfwﬁﬂ_Xb7t7Z€%a
RN 5y (AP

YR ECRIET A7 TN I — AL A
77zvmimwvw00yﬂﬁ@0yﬂﬁ%ﬁ
W T, B b, Y, AR T THRS,
. W 3?!@3 B 7 EIERERER Z T 2 LS
TWD ™, FERETRMEREN I L LH D,

o VI 1 X DERFRAER B
1. 7 AU HERETOBRKER

Rhoades™ l2&iud 1. RPN (benign pulmo-
nary form) ¥ X b7 Avhic k., 2.4 81 (dissemi-
nated form) ¥ A 79 AT 2 TN H 0T
Wh e BMETEUIIEIAME R 2 L 12K
IR E T 5. NAEENIMES OB L &Y 5
DENH D N RAtEoha, WREHERIEE
w7 b S R OV ARYICEH AT S0
R vosiE, BE. M OMBeE S o AL O
. EIE & CEBIREL RO TERARTH L.

F 7> Nielsen™ 12 JAUSEIARENL 1. B 20U Tft
4 T (acute, fatal, disseminating disease) .

BEH? BECEELELIAZRDOLALTIARIED 16,

HEATPEAS: 8 (advanced chronic form) . 3. JEEE
# (non-fatal form) 1240 SR T4, #ITHIZSES
Hé4zmtzbf%X7#m&<iA§M§L<
A, BIENAE L BRI ST TERARONE
BlA %

2. hHED A X TORRKEIR

HATHRShIZA 20O 2 75 A=6ild, ¥
M e KoM E R LT (BE2) . R
FHBIZQIEARLD DY . EE L3 S & 50
27, SRMEEHEREA L, WL Z R B
HA— 2 P T Y T THHE SN TNDL Y ZRHD
&R sEIRZ. H. capsulatum var. farciminosum 12 X
B ORI E OFMATH L7

—

( VIL
1, EERE

DA B

$mwmwxm'ﬂﬂm1%é# O, JLRE R

AR L il S v, B EERICA
L}’:TZ»; LA ChH W R ERME LY
® H. capsulatum DHEEITSEKRO T E2h 0 FEsE
INAEEFYE Ry PRTYAZ, Bf T
TN, BHAY LR EON MRS LT
bRGiTER bR,

AL AR S LA S ORI L
feoTh, BT, 5 b - 7FA Mo — AR

SR R L 45 E TR B T & RN 2.
A7 S HAORHLE MV B b BN
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LHHTEL AL vy — LI L THBL 2.
HERE I S Tw Yy 7o —$it s Lo
98 VR R B 0 52 (0 A BR H 55 L X 00 18 40 BE LS i 38
Fv

BIECBIE T X DR EH D B 5, Ry
L$/bwcA$ ) IR O FRE R T
Bl % & RN T0%I R0 kY J—
NEFFPITFEAL 24 MERM LEEEL oL, YR
' — 2 RNA #ET @ internal transcribed spacer
(ITS) 1-5.85-ITS 2 fHI O ELH| & pesg L CTRIET A
ZEDRFEE L v,

AR OB FWFREO PO T L LT, s K

SHETOWREIRBIN TS, L, s
BHETITONTW AR H 5 AE 2 ;tﬁ ST S
e\ BiadtR, BOMMA S 807 JHEe %, IR
BT THEBELBEL, KOLFOIRKDSHETS
o6, Fihog o 1/10moskv= ) VI E
ﬂ%%@&Uﬂ%#%&%ﬁ&ﬁtfﬁxL\m
BV EEE L, & & DEREHES 2
b7 /=) ay b T —THE Hmtmﬁ
THEBELL T W,

F7:35~ 37 CLlIBITLMENHIL o i 4T
’C“%Zg?&‘\ THERRIZ X - TIBHHE A ORI A

CEbHD. HEEMNRREEERRL K,

%&ﬁ@#%h&m@mzm HERE O V) ok
SIEHEIAMUTEAL, 1% 7 FyERN7 LA

Y=k A T a—T g yERXPTEE I
By LML, AA*ﬂﬁﬁﬁ#ﬂK&%u
ICERsN 5.

2. MiEZA2H

MiERRCR» LIS R T 2L, ik E i
WEBHERSHLY, 55 v 7 ABME, (0ET
W WA ELREOR y M TEFR IR TY
L, BARTOAFIIEGEMULEET L0, BA
O ETEMHEIHRT 2 2 L 23T 5.

MOTIHNTWIE A NS A3 L RISIE,
R A B & 2 IER OFURBH O TIcR 5 9
Zv BHEMCA NI AHOBECEHREE LD
ZELHDHT b, 2000 LB, etk o
Twb Y,

2L, EWEREe FMESM T BICIREAED
A SHEPNIME AR B IE TR AR 2 225

hfll‘ %, 77ﬁ (ﬂ}fA/{:C%) 1 XHEFCDH H'[(” le,./Wr
IR RT I ENH L MG I AT LY -

3. RIEFRRE

5 B T LA P PE S U 2 ©
HhHe THHRNIFEZA L Ty 2 HUEER St
%W$ DYy, W AA RN R Fe 32 & a8

Tok ™, EISHGERIN CI A 80T 20 ZEHLRE (1
%B T ), MLHCERIR, Mvhig. I s R

BEPZOMEE %4, Lo L, MRS Tl
INF T AR T AE, 7Y T Ay
AdiE, AR F)a—I A, Candida glabrata 1%
GELOENPIETH LY 0, TREBIICE
HIEETER, ZZTEEREOREIZEY, 4
ZNBORIPHEERG E R AT D

ESr ENERANSAR NSV IPE S SIS - T R Gl b acd i o]
77— JIZHD 1_\5??17”[ RO RPN e — 2
T 5 I LAY T (BE3). HEEHREMIC
%ﬁféﬂﬁ%&%m%m%m\iﬁiﬁﬁa(g
B4) 2, BOEIHCLOLH0, yoay b
TR ERT 2L 2R L (BES), £

2y A XD WHHEO R OB F 405
MIZEDEISSLE, v 707 7 — SRR R

RREATCELIELH D (BH6a-c).

4. BEFE2H

NG T 4 AR AR, B 2
DFLTH L 2B HETH 5., TR
WP FgE £ > & —Tld 500 Hide i *wk ‘L.t
(R HIOHEE 2 XA TV B

THE IR BRR B R D 6§ L 72 DNA % nested-
PCRIZA T, $EIEREHI % Peg L. BLAST % —
(http://blast.nchi.nlm.nih.gov/Blast.cgi) & &5
BoONIBMHBRMBMEH D HE2ToCw b,
IZ L ITS-5 (5-GGA AGT AAA AGT CGT AAC
AAG G-3’) & ITS4 (5-TCC TCC GCT TAT TGA
TAT GC-3) 12 &) 77— F PCRZAT\, 20
PCREW % 10 ~ 100 F512& T L T, HcAF (5-CAC
GCC GTG GGG GGC TGG GAG CCT-3' & HeCR
(5-ATG GTG GGC RGG AGC CGG CC-3D 75 4
To-THREE, N FERILL, chsnrgq
Kt 7L g A S ~A—#w7747~@
ITS-2 (5-GCT GCG TTC TTC ATC GAT GC-3) &

Nid
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EE3 AUy vV oRaR w0
77 =TI AT HAE (B,
ZEN) OO NT— (4 XFEP). x400.

BHES5 ooy Mg,
B oo B I AR, x400.

EE 4 PASHffg, REAICEDOHINA
BE (RED)., x400.

ITS-3 (5-GCA TCG ATG AAG AAC GCA GC-3") I
EBIZEL I~z E R 2 guE LTwAh, PCR
ZMHEVTNRBL 5T 4H0Onh, 94T 14, 50C1
S, T2C 2% 40l WEICT2T 105 THDE T,

¥/ CA NS I ARIENEOMOBRIED %
W9 A 1213 V1 T Real-time PCR % F v 72 VR ES I
AR EIN TV DY,

(K. hPEBEEDE R N TS XVED
Bz TE

H. capsulatum OFARTEZRIT L CHLN TS,
BROBEZT2HASDELERETHENL YR
/' — Iy RNA E{ZT- 0 ITS 1-5.85-ITS 2 #ilsiod ALyl Ht

EH6 a-c. BEHOBHEROBKTHEINL
< u77r—YHNOBEME (KA.
F AP/, x1,000.

MMOMITIC LU, H capsulatum var. capsulatum
& H. eapsulatum var. fayciminosum TIZIHW O vari-
ety & OBEW LR h H capsulatum var.
duboisii \ETH OB TR TV L E G S
ALY A '

A, KR O AKMR. METSH, 57
IR 1L, S — T — FRET XV hRT 0D
1) RV — L RNA #H L0 ITS 1-5.88-1TS 2 i, £
500 ~ 600 I OFELH & T 5 2 AT X D A
ERHEILTL "

H. capsulatum b ) F ' — L RNA BEZ T-O ITS 1-
5.8S-ITS 2 HUHALH] & H W8 RBEHICL D, H
capsulatum var. farciminosum ¥ H. capsulatum var.
capsulatum MEBRINORET L 7 V=7 (51
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