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ABSTRACT—Enteric redmouth disease (ERM), which is caused by Yersinia ruckeri, has not been
reported in Japan. In the present study, virulence of the bacterium were assessed by experimental chal-
lenges with the rainbow trout Oncorhynchus mykiss and 4 indigenous fish species in Japan: yamame
(masu salmon parr) O. masou masou, amago O. masou macrostomus, whitespotted char Salvelinus
leucomaenis and ayu Plecoglossus altivelis. When intraperitoneally (ip) injected with the bacterium at a
dose of 7.1 x 10° CFU/g fish body weight (BW), rainbow trout, char, yamame, and amago showed the
cumulative mortalities of 100%, 60%, 30% and 30%, respectively. The cumulative mortalities of ip-
injected ayu with doses of 1.5 x 10°, 1.5 x 10°, 1.5 x 10* and 1.5 x 10° CFU/g BW were 87%, 47%, 13%
and 0%, respectively. In addition, the cumulative mortalities of ayu immersed in water containing 1.7 x
10% and 1.7 x 107 CFU/mL of the bacterium were 60% and 6.7%, respectively. Typical clinical signs of
ERM, such as reddening of the wall of the oral cavity, tongue, upper jaw, lower jaw, operculum, bases of
fins, or skin around the anus, were observed in all dead salmonids but not in ayu. Instead, exophthal-
mos, hemorrhage in the eyes, ascites or hypertrophy of the kidney were often observed in dead ayu.
These results indicate that Yersinia ruckeri is a potentially dangerous bacterium to freshwater aquacul-

ture in Japan.
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altivelis

Yersinia ruckeri is the causative agent of enteric
redmouth disease (ERM) in salmonids (Furones et al.,
1993). In farmed fish, particularly for rainbow trout
Oncorhynchus mykiss and Atlantic salmon Salmo salar,
the disease has caused high mortalities and severe eco-
nomic losses (Ewing et al., 1978). The bacterium was
first isolated from rainbow trout in North America
(Rucker, 1966). The bacterium has a wide host range,
having been isolated from many salmonids (O. kisutch,
O. mykiss, O. nerka, O. tshawytscha, Q. clarkii, S.
salar, S. trutta, Salvelinus alpinus, Salv. fontinalis and
Salv. maima), as well as from other fish species, such
as sturgeon Acipenser baeri Brandt, European eel
Anguilla anguilla, gold fish Carassius auratus and carp
Cyprinus carpio (Furones et al., 1993). The bacterium
has been isolated also from higher vertebrates such as
birds and human (Willumsen, 1989; Furones et al.,
1993). Although the disease has occurred in various
regions including North America, Venezuela, Chile,
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Australia, Europe, and South Africa (Furones et al.,
1993), the occurrence of the disease has not been
reported in Japan. Therefore, according to the law to
protect aquaculture industry in Japan, the Japanese
government has designated ERM as one of the dis-
eases that needs strict watch for their invasions. How-
ever, little is known about the virulence of Y. ruckeri
against most of the indigenous fish species in Japan.
In the present study, we tested the virulence of the bac-
terium in 4 indigenous fishes; yamame (landlocked
masu salmon) O. masou masou, amago O. masou
macrostomus, whitespotted char Salv. leucomaenis
leucomaenis, and ayu Plecoglossus altivelis. These
fishes are widely cultured in freshwater fish farms in this
country. In particular, ayu comprises one third of the
total value of the production of freshwater fisheries. In
addition, we included rainbow trout, which are also
widely cultured in this country, in the experiments as the
control to assess virulence of the bacterium. Handling
of the live bacterium and all experimental infections
were conducted in the research facilities designed and
built to study exotic diseases in the National Research
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Institute of Aquaculture (NRIA) so that the pathogen is
strictly contained.

Materials and Methods

Rainbow trout, amago and yamame used in the pre-
sent experiments were bred from broodstocks kept in
the Inland Station of the NRIA. Fry of whitespotted
char were obtained from Miyagi Prefecture Fisheries
Technology Institute.  Juvenile ayu were obtained from
a private hatchery (Nisshin Marine Tech Co.). These
fishes were reared in aquaria filled with 400 L of run-
ning, aerated well water at 17°C by feeding commercial
pellet diet until the experiments.

Yersinia ruckeri FPC443 isolated from rainbow
trout in USA was used for the experimental infections.
This strain was kindly donated to the NRIA by Emeritus
Professor H. Wakabayashi, the University of Tokyo.
We confirmed the bacterium as Y. ruckeri by
polymerase chain reaction (PCR) according to LeJeune
and Rurangirwa (2000). In addition, the bacterium was
classified as the serotype |.  Although there are varie-
ties of serotypes in the bacterium, most of the ERM inci-
dents are associated with serotype | (Bullock et al.,
1978; McCarthy and Johnson, 1982; Davies, 1991).
Prior to each experiment, the bacterium was cultured at
25°C in tripticase soy (TS) broth (Becton Dickinson) for
24 h and suspended in 10 mm phosphate-buffered
saline (PBS, pH 7.2). Furthermore, the bacterial cells
were harvested by centrifugation (8,000 xg, 10 min,
4°C), washed twice with PBS, and suspended in PBS
for experimental challenges. The number of viable
cells was estimated according to the method of Miles
and Misra (1938). Serial 10-fold dilutions of the bacte-
rium were prepared with PBS.

To confirm the virulence of the bacterium, the
median lethal dose (LDy,) was examined using 4
groups of rainbow trout (n = 10) by intraperitoneal (ip)
injections with the bacterium at doses of 7.0 x 10°,
7.0 x 10", 7.0 x 10°, 7.0 x 10" CFU/g fish body weight
(BW), or 0 (PBS). The LDy was calculated by the
method of Reed and Muench (1938). Following the
determination of the LD, which was 2.4 x 10' CFU/g
BW the bacterium at the dose of 7.1 x 10*> CFU/g BW
(approximately 30-fold higher than the LD, for the rain-
bow trout) was injected intraperitoneally to rainbow trout
(n = 20), whitespotted char (n = 20), amago (n = 20)
and yamame (n = 20). The control fish (n = 20) for
each species were similarly injected with PBS. Also, 5
groups of ayu (n = 15/group) were injected intraperito-
neally with the bacterium at doses of 1.5 x 10°
1.5 x 10°, 1.5 x 10* and 1.5 x 10° CFU/g BW, and PBS,
respectively. Mortality of each group was recorded for
14 days after the bacterial injections. The pathogenic-
ity of the bacterium against ayu was also tested with an
immersion challenge. For this challenge, three groups

of ayu (n = 15/group) were immersed in 20 L of water
containing either 1.7 x 10° CFU/mL of the bacterium,
1.7 x 107 CFU/mL of the bacterium, or 20 mL of vehicle
(PBS) for 90 min. Mortality was recorded for 21 days
for these groups.

At the time of the experimental challenges, mean
body weight of rainbow trout, amago, yamame,
whitespotted char and ayu were 20.6 g, 19.4 g, 24.1 g,
5.5 g and 1.3 g, respectively. Each experimental
group was reared in a 30 L aquarium filled with 20 L of
running, aerated well water at 17°C with a flow rate of
0.5 L/min. During the experiments, fish were fed com-
mercial pellet diet daily ad libitum.

Dead fish and survivors of all the experiments were
autopsied, and the liver, kidney and spleen were sub-
jected to bacterial isolation on TS agar to confirm the
cause of death. The cultivation was performed for 48
h at 25°C. The identification of Y. ruckeri was con-
ducted by PCR according to Ledeune and Rurangirwa
(2000).

For histopathological observation, 2 groups of ayu
(n = 10/group) were immersed either in water containing
1.7 x 10® CFU/mL of the bacterium or water without the
bacterium for 90 min as described above. Three days
after the challenge, 5 fish were sampled at random from
each of these groups. The eye, brain, heart, gills, liver,
spleen, kidney, muscle and digestive tract of each speci-
men were removed, fixed in Davidson’s fixative (330 mL
of 95% ethanol, 220 mL of commercial formaldehyde
solution, 115 mL of glacial acetic acid, and 335 mL of
distilled water), transferred through a series of ethanol
and xylene, and embedded in paraffin. Two sets of
sections were cut at 3 um from each tissue and stained
with hematoxylin and eosin or May-Grinwald and
Giemsa.

Results and Discussion

The bacterial strain used in the present study was
highly virulent for rainbow trout. The cumulative mor-
talities of rainbow trout injected with Y. ruckeri FPC443
at the doses of 7.0 x 10%, 7.0 x 10', 7.0 x 10°, 7.0 x
107, and 0 CFU/g BW were 100, 65, 30, 0 and 0%,
respectively. The LDy, based on these results was
2.4 x 10' CFU/g BW.

The experimental challenges clearly showed the
potential of the bacterium to induce disease in the
indigenous salmonid species tested, although the lower
mortalities of the three species probably suggest that
these salmonids are less susceptible to Y. ruckeri than
the rainbow trout (Fig. 1). Yersinia ruckeri was reiso-
lated from all dead fish but not from survivors. The
clinical signs exhibited by challenged salmonids are prin-
cipally the same as those of ERM reported previously
(Rucker, 1966; Furones et al., 1993; Tobback et al.,
2007). All dead fish showed reddening of the oral cavi-
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ty, tongue, jaw, operculum, base of fins, and anus (Fig.
2). In the autopsies, reddening was observed on the
liver, pyloric caeca, swim bladder or in the lateral
muscle. Hypertrophy of the spleen and kidney was
also noticed.

Reddening of base of fins, anus or abdominal
organ has been found in indigenous salmonids suffering
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from vibriosis or streptococcicosis (Hatai and Ogawa
ed., 2005). However, no disease with similar redden-
ing of the oral cavity, tongue, jaw and operculum as
ERM has been found so far in Japan. Therefore,
these clinical signs observed in the present challenge
tests would be useful for the presumptive diagnosis of
Y. ruckeri infections in these indigenous salmonids.
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—{ Whitespotted char (challenged)
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Fig. 1. Cumulative mortalities of amago, yamame, whitespotted char and rainbow trout after intraperitoneal injections with Yersinia
ruckeri FPC443. Fish of each experimental group were injected with the bacterium at 7.1 x 10? CFU/g fish body weight.
Fish of each control group were injected with the vehicle (PBS). n = 20 for each group.

Fig. 2. A dead specimen of whitespotted char after the challenge with Y. ruckeri FPC443. Arrowheads indicate the reddened sites.
Hypertrophy of the spleen (arrow) and kidney (x) are observed.



Virulence of Y. ruckeri in salmonids and ayu 77

The bacterium caused dose-dependent mortalities
of ayu both in the injection and immersion challenges,
indicating that Y. ruckeri is also pathogenic to this spe-
cies (Figs. 3 & 4). The LDs, calculated on the basis of
the injection challenges, however, was 2.0 x 10° CFU/g
BW, which was much higher than that for rainbow trout.
Y. ruckeri was reisolated from all dead fish in both chal-
lenge tests. In addition, the bacterium was reisolated
from approximately 50% of the survivors. On the other
hand, the affected ayu did not show typical clinical signs
of ERM found in salmonid fish, such as reddening of the
oral cavity, tongue, jaws or operculum. Pale coloration
of the gills was observed in all dead fish. In addition,
most of the dead fish showed exophthalmos or hemor-
rhage in the eyes (Fig. 5). Also, either ascites or kid-
ney hypertrophy was observed in 50% of the dead fish
in challenged groups. In each control group, there was
no fish that showed any signs of a disease and the bac-
terium was not isolated. In carp infected by Y. ruckeri,
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Fig. 3. Cumulative mortalities of ayu injected intraperitoneally
with Y. ruckeri FPC443 at doses of 1.5 x 10° (H ),
15 x 10° (A ), 1.5 x 10* (@), or 1.5 x 10° (@)
CFU/g fish body weight, or vehicle ( X ). n =15 for
each group.
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Fig. 4. Cumulative mortalities of ayu after immersion in water
containing either 1.7 x 10° (@), 1.7 x 10" (&), or
0 ( X ) CFU/mL of the bacterium, Y. ruckeri FPC443,
for 90 min. n = 15 for each group.

the exophthalmos has also been observed whereas red-
dening around the mouth has not been noticed (Berc et
al., 1999). Thus the clinical sign of “red mouth” by Y.
ruckeri may be unique to salmonid fishes. It would be
difficult to suspect Y. ruckeri infection in ayu from the
clinical signs because affected ayu do not exhibit the
typical clinical signs found in ERM of salmonid fishes.
Observed clinical signs such as exophthalmos or
ascites has also been found in the fish infected with 8-
hemolytic Streptococcus (Ohnishi and Jo, 1981) or
Edwardsiella ictaluri (Sakai et al., 2008). Hence, bacte-
rial isolation and identification would be necessary for
the diagnosis of Y. ruckeri infection in ayu. Yersinia ruck-
eri can be distinguished from Streptococcus by
Gram-differentiation test (Ryu, 1940). However, bio-
chemical profiles of Y. ruckeri are very similar to those
of E. ictaluri. PCR tests for the identification of Y.
ruckeri have been reported by LeJeune and Rurangirwa
(2000), Altinok et al. (2001), or Del Cerro et al. (2002).
These PCR tests can identify Y. ruckeri among
Gram-negative, pathogenic bacteria (Sakai et al., 2006).
Therefore, PCR would be useful for rapid and confirmed
diagnosis of Y. ruckeri infection in ayu and salmonids.
For histopathology, short, rod-shaped bacterial
cells were observed in the lumen of many blood vessels
including capillaries of the choroid coat or gills in the
five fish subjected to histological observations (Fig. 6A
& B). In addition, the bacterial cells were found more
frequently in arteries than in veins (Fig. 6C). A particu-
larly large number of bacterial cells were found in one
fish, in which many bacterial cells were observed in the
glomerular capillaries of the kidney. In this fish, the
lumen of renal tubules was often dilated and the epithe-
lial cells were flattened (Fig. 7), and the tubules were fre-
quently encircled by a fibrous tissue. In another fish,
infiltration of inflammatory cells was observed in the gills.
It is not certain, however, whether these pathological
changes without the association of the bacterium had

Fig. 5. Hemorrhage in the eye of ayu immersed in water con-
taining 1.7 x 108 CFU/mL of Y. ruckeri FPC443 for 90
min.
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Fig. 6. Histological sections of ayu challenged by immersion
in the water containing Y. ruckeri FPC443. May-
Grinwald and Giemsa stain. Arrowheads indicate
the bacterial cells. A; The choroid coat of the eye.
Many short rod-shaped bacterial cells are observed in
the choroid capillaries. B; A glomerulus of the kidney.
The bacterial cells are observed only in the glomerular
capillary. C; An artery (asterisk) in the kidney. Note
that the bacterial cells are not observed in the adjacent
vein (arrow).

been caused by the bacterial infection. Rainbow trout
infected with Y. ruckeri shows septicemia with an inflam-
matory response in virtually all tissues (Rucker, 1966).
The bacterial colonization occurs in the capillaries of
highly vascularized tissues such as the gills, muscle, kid-

Fig. 7 The kidney of ayu challenged by immersion in the
water containing Y. ruckeri FPC443. Asterisks indi-
cate dilated lumen of renal tubules, which contain
some amorphous material. The epithelial cells are
flattened (arrows). These tubules are often sur-
rounded by a fibrous tissue (arrowheads). Hematox-
ylin and eosin stain.

ney, liver, spleen, and heart (Furones et al., 1993).
Hemorrhages or systemic tissue edema has been
observed in these sites. The disease of ayu infected
with Y. ruckeri seems also caused through the coloniza-
tion of the bacterium in blood vessels. However, no
marked inflammatory response was observed against
the bacterium in ayu, which may be related to the lower
virulence of the bacterium to this fish.

Although there is no doubt that the prevention of
the entry of Y. ruckeri into Japan should be our fore-
most consideration, we also have to assume the inva-
sion of the bacterium and the occurrence of Y. ruckeri
infections in Japanese trout or ayu. The spread of Y.
ruckeri infection is attributed to transfer of the carrier
fish or fish-eating birds (Willumsen, 1989) and, at pre-
sent, it is impossible to stop importing fish into Japan
from foreign countries completely. Therefore, the
prompt and accurate diagnosis of Y. ruckeri infection is
very important and the ability of the diagnosis should be
maintained to protect Japanese freshwater fish industry.
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