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Abstract
Mass mortality among cultured ayu, Plecoglossus altivelis occurred between 1998 and 1999 in
northern Taiwan. Diseased fish showed haemorrhage and erosions or ulcerations on body sur-
face. Aeromonas hydrophila and Saprolegnia australis were consistently isolated from the lesions in
affected fish. A. hydrophila was identified using phenotypic characteristics and 16S rRNA PCR
analysis, and S. australis was identified based on characteristics of sexual organ. Histopathologi-
cal examination of diseased fish revealed ulcerative dermatitis accompanied with mild
lymphocyte, macrophage infiltration, giant cell formations and hemorrhage. Fungal hyphae
surrounded by lymphocyte, macrophage, and fibrocytes were noted in granulomata. Macro-
phage aggregates were presented in the spleen parenchyma, and hyaline degeneration of renal
tubules in kidney was also evident. The outbreaks of skin ulcers of ayu are suggested to be a
concurrent infection of A. hydrophila and S. australis.

Introduction
Aeromonas hydrophila has been associated with
several disease conditions in fish, including
red-fin disease in cultured eel, Anguilla

japonica (Hoshina, 1962), red disease in carp,
Cyprinus carpis (Egusa, 1978), red sore in
largemouth bass, Micropterus salmonides

(Huizinga et al., 1979), and haemorrhagic sep-
ticaemia in several fish species (Miyazaki and
Kaige, 1985). In Japan, A. hydrophila infection
among cultured ayu, Plecoglossus altivelis has
also reported (Jo and Oonishi, 1980), the af-
fected ayu showed exophthalmia and cutane-
ous hemorrhage in the tail and anus (Miyazaki
and Jo, 1985).

Fungi of Achlya sp. and Aphanomyces sp. had
been isolated from Epizootic ulcerative syn-
drome (EUS)-infected fish (Roberts et al., 1993;
Subasinghe et al., 1990; Pittchayangkula and
Bodhalamik, 1983). Diseased fish with EUS
develop dermal ulcerations with varying de-
grees of destruction of underlying tissues on
the head, abdomen and peduncle region
(Yadav et al., 1992; Iqbal et al., 1998; Pal and
Pradhan, 1990).

Outbreaks of ulcerative skin disease in ayu
were noted between 1998 and 1999 in north-
ern Taiwan. Diseased fish developed dermal
ulcerations on the body surface, A. hydrophila

and S. australis were isolated from the lesions.
This study describes the characteristics of A.
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hydrophila and S. australis and associated his-
topathology in naturally infected ayu.

Materials and Methods
Bacterial isolation and culture media
The diseased ayu, 7 to 8 months old, were
collected from two farms with increased mor-
tality at I-Lan County in northern Taiwan. Ten
fish were subjected to standard necropsy pro-
cedures (Amos, 1985). Bacterial isolation was
performed from skin lesions, kidney, liver,
spleen and heart by inoculating onto
Trypticase Soya Agar (TSA, Difco) plates and
incubated at 30°C for 24 h. Pure cultures were
achieved by picking up a single colony and
inoculating onto TSA at 30°C.

Phenotypical characterization study of
bacteria
Methods described by MacFaddin (1983) were
followed. Two isolates (isolates 1 and 2) and
reference strains were studied in the same
conditions and the results read after 24 h at
37°C unless otherwise indicated.  In the sole
carbon source assimilation study, individual
sugar was added directly to phenol red broth
media (Difco) for a 1 percent of final concen-
tration. Biochemical identifications of bacte-
ria were also determined using the ID 32E
system (BioMerieux) following the manufac-
turer’s instructions. A. hydrophila (ATCC 7966)
and Vibrio anguillarum (CCRC 12908) were
included for comparative purposes.

PCR and sequence analysis
Chromosomal DNA of bacteria (isolate 1) was
prepared following the method described by
Iqbal (1998). The DNA gene was amplified by
PCR with three primer sets (F1, R1; F2, R2;
F3, R3) derived and constructed from the con-
served regions of 16S rDNA sequence of Gen-
era Aeromonas (Martinez-Murcia, et al., 1992).

Primer 1, F1:
AGAGTTTGATCMTGGCTCAG; R1:
GTATTACCGCGGCTGCTG. Primer 2, F2:
CAGCMGCCGCGGTAATWC; R2:
CCGTCAATTCMTTTRAGTTT. Primer 3: F3:
AAACTYAAAKGAATTGACGG; R3:
ACGGGCGGTGTGTRC. M=A+C; W=A+T;
R=A+G; Y=T+C; K=T+G. A 100µL reaction
mixture was prepared with 10µL of 10x buffer
(10mM Tris-HCl pH 8.3, 50mM KCl, 1.5mM
MgCl2, 0.01% gelatin) , 100 mM of each of the
deoxyribonucleosides, 1mM of each primer,
10µL of purified DNA, 2 U of Taq polymerase
and sterile distilled water to volume. The PCR
amplification was performed in a
thermocycler (PTC-100) by 37 cycles of 1 min
of denaturation at 93°C, 2 min of annealing at
55°C, and 1 min 30 sec of extension at 72°C,
then followed by incubation for 5 min at 72°C.
The PCR products (10µl) with 6X loading
buffer (2µl) were loaded on horizontal 2%
agarose gel and subjected to electrophoresis
for 40 min at 50 V in 0.5X TBE buffer. Gels
were stained with ethidium bromide, and
photographed under UV-light transillumina-
tion. A 100 bp DNA ladder was included as a
molecular weight standard on each gel. Di-
rect sequencing of 16S rDNA genes was car-
ried out by using ABI PRISM 377-96
Sequencer (Perkin-Elmer) as described by the
manufacturer’s instructions.

Fungal isolation, cultivation and
observation
Pieces of skin with underlying tissue were
removed from moribund ayu, washed with
sterile distilled water and transferred onto
Sabouraud’s dextrose agar medium and YpSs
agar (Difco) media  at 24 °C (Willoughby,
1970). They were subcultured onto Corn Meal
Agar (Difco) medium before being transferred
to plain YpSs agar for maintenance. Hyphal
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tips at the periphery growth zone of mycelial
colonies were removed with a small block of
agar, and transferred onto YpSs agar media
to ensure pure culture. A small piece of YpSs
agar containing mycelia was inoculated onto
a Petri dish containing sterile tap water and
halved hemp seeds for microscopic examina-
tion. Fungal characteristics and identification
were made by following the keys provided
by Seymour (1970) and Dick (1973).

Experimental infection of S. australis
Preparation of zoospore suspension: Methods
described by Wada et al. (1996) were followed.
S. australis was inoculated onto Sabouraud
dextrose agar medium at 20°C for 4 d. The
surface of agar containing hyphae was cut and
transferred onto a petri dish containing 30 ml
of sterile tap water to induce zoospore forma-
tion. The zoospores were filtered through a
0.45 µm filter, and adjusted to approximately
3,000 zoospores per 0.1 ml in sterile tapwater
for experimental infection.

Experimental infection: Ayu (7 months old,
average 22 g body weight and 12 cm body
length) were used. The fish were obtained
from a farm that does not have a history of
fungal infection, and divided into infection
and control groups. Groups of 10 fish were

kept in 100 L plastic tanks with continuous
water flow. The water temperature ranged
from 19 to 23 °C. The fish were infected IM
into trunk muscle under the left dorsal fin
with 0.1 ml of the zoospore suspension per
100 g body weight (Wada et al., 1996). Con-
trol fish were injected intramuscularly with
0.1 ml sterile tap water at the same site as test
fish. Fish were observed daily for 30 d. Fun-
gal isolation was from skin lesions as de-
scribed above.

Histopathology
Diseased fish collected from field were exam-
ined and tissue samples preserved in Bouin’s
solution. Fixed tissues were embedded in par-
affin wax, sectioned, stained with haematoxy-
lin and eosin (H&E) and PAS, and examined
microscopically.

Results and Discussion
Mass mortality among cultured ayu occurred
between 1998 and 1999 in Ilan County, Tai-
wan. The fish were cultured in freshwater at
20-23°C. Diseased fish developed red spots on
the body surface, head and operculum. Large
ulcers were observed subsequently (Fig. 1).
Mortality was more than 70% in infected
farms.

Fig 1.The skin lesions observed on diseased ayu.  (A) Diseased ayu showed reddish erosion on body surface,
one fish has lesions on body surface and mouth. (B) All infected fish showed erosion with prominent
haemorrhage at the periphery.
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In bacteriological study, pure culture of Gram-
negative, oxidase-positive and rod-shaped
bacteria were isolated from skin, kidney, liver,
spleen and heart. The phenotypic characteri-
zation study indicated that the isolates were
motile, reduced nitrate, and were positive for
oxidase, catalase, gelatin and O/F. They were
negative to VP reaction and not sensitive to
the vibriostatic compound 0/129. The results
from API ID32E tests indicated that the iso-
late belonged to A. hydrophila group; positive
for arginine dehydrolase, lipase, a-glucosi-
dase, mannitol, maltose, palatinose, N-acetyl
ß-glucosaminidase, glucose, saccharose, L-
arabinose, trehalose, a-maltosidase. The ß-
glucosidase reaction was positive for isolate
1 but negative for isolate 2. All other reactions
were negative. The partial 16S rRNA primary
sequences of isolate isolate 1 derived from
designed primer sets comprised a continuous

stretch of 1401 nucleotides (ranging from po-
sitions 6 to 1406 in E.coli numbering system)
(Fig. 2). The sequence has ninety-nine percent
homology with that derived from the A.

hydrophila (ATCC 7966). In addition, the se-
quence was aligned with those of all currently
recognized Aeromonas species (Martinez-
Murcia et al., 1992). Chemotherapeutic sus-
ceptibility assays indicated that the isolates
were susceptible to chloroamphenicol (30 µg)
and cetriofur (30 µg); resistant to streptomy-

Fig 2. PCR analysis of Aeromonas hydrophila isolated
from diseased ayu. PCR analysis was performed
using primer set of 1, 2 and 3. Agarose gel
electrophoretic analysis of PCR products of 529, 408
and 500 base pairs were amplified. Lanes M =
length marker, 1 = primer set 1;  2= primer 2; 3 =
primer 3. C = control.

Fig 3. Saprolegnia australis (A) Mature oogonia
showing terminal and intercalary, pyriform to
obovate and subcentric oospores as well as
antheridial branches. bar = 50 µm  (B) Lateral
oogonia with pitted oogonial wall with clavate
antheridial cells. bar = 100µm (C) An ellipsoidal
oogonium with a fertilization tube at the tip, and
subcentric oospores. bar = 200µm (D) Immature
oogonium with pitted wall and diclinous
antheridial branch attached (arrow). bar = 200µm

500 bp

M 1 2 3 C
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Fig 4. Photographs of the diseased ayu in natural infection. (A) Diseased fish showing local extensive necrosis
accompanied with lymphocyte and macrophage infiltration in the dermis. bar = 50 µm (B) In necrotic area,
lymphocyte and macrophage infiltration, and giant cell formations were noted. bar = 50 µm (C) Granulomata
of variable sizes accompanied with lymphocyte, macrophage, and fibrocyte infiltration presented in the
dermis. bar = 50 µm (D) The granuloma consisted of  hyphae surrounded by fibrocytes and lymphocytes at
the periphery.  bar = 200 µm
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cin (10 µg),oxytetracycline (30 µg) and SXT
(Trimethoprim /Sulfamethoxazole) (25 µg).

The morphological characteristics of S.

australis include diclinous antheridial
branches and subcentric oospores (Fig. 3). In
the toxonomy study, S. australis can be distin-
guished from S. diclina, S. parasitica and S.

terrestria. The S. australis was differed from S.

diclina by oospore structures, differed from S.

parasitica by the origin of antheridal branches,
and differed from S. parasitica  by pitted
oogonia formations. Therefore, the isolate was
identified as S. australis. This fungus has been
isolated from body surface lesions of rainbow
trout fingerlings in Japan (Hatai et al., 1977).

In histopathologic study,  prominent lesions
present in the skin. Diffuse necrosis and
hemorrhage accompanied with macrophage
and lymphocytic infiltration were noted in the
epidermis. The underneath dermis showed
local extensive necrosis accompanied with
lymphocyte and macrophage infiltration, gi-
ant cell formations and granulomata. The
granulomata consisted of hyphae surrounded
by lymphocytes, macrophages and fibrocytes
at periphery (Fig 4). The hyphae were PAS
positive. In the viscera, multifocal
hemosiderin aggregations were present in the
spleen parenchyma and mild degeneration
was present in renal tubule epithelia.

In experimental infection with S. australis, one
fish developed red colouration with mild ero-
sion of skin at 5 DPI (day post inoculation),
the lesions increasing in severity thereafter.
The fish died at 24 DPI. S. australis was iso-
lated from the lesion. Ten percent (1/10)
mortality was recorded. Other survived fish
and control fish showed no lesions.

In the present work, a skin ulcer disease
caused by A. hydrophilia and S. australis in Ayu
is described for the first time in Taiwan. S.

australis is an aquatic fungus and is unlikely
to initiate disease as it seems unable to breach
the skin barrier. It is suggested that A.

hydrophila contributes to the pathogenesis of
the skin lesion, and S. australis invasion hap-
pens subsequently. Environmental factors in-
cluding water temperature and overcrowding
may contribute to skin ulcer disease of ayu
(Jo and Oonishi, 1980; Rasheed, 1978).
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