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INTRODUCTION

Enteric redmouth disease (ERM) is a systemic bacterial infection of
fishes, but is principally known for its occurrence in rainbow trout,
Salmo gairdneri. The disease was first reported in the 1950's by Rucker
(1966), and in recognition of that fact, the causal organism was named
Yersinia ruckeri by Ewing et al. (1978). Although Wagner and Perkins
(1952) described a bacterial disease that produced a red-mouth condition
in rainbow trout in California and Colorado, it was caused by a different
bacterium; they isolated Pseudomonas hydrophila rather than Y. ruckeri.

IDENTIFICATION

In early acute epizootics, affected trout are lethargic and anoretic,
and have subcutaneous hemorrhages in and around the mouth, oral cavity,
and isthmus, and at the bases of and between fin rays. Gill filaments
may be hemorrhagic. Petechial hemorrhages occur on the surface of the
liver, pancreas, pyloric caeca, and swim bladder, and in the lateral mus-
culature. The spleen is enlarged and friable, gonads are hemorrhagic,
and the lower intestine is inflamed and filled with a thick yellowish or
whitish fluid. As the epizootic progresses, unilateral or bilateral
exophthalmus occurs, commonly accompanied by hemorrhages around the .
ocular cavity and iris. Affected eyes commonly rupture. If fish survive,
they darken and seek shelter, or withdraw from other fish (Rucker 1966;
Busch 1983). Histological examination of tissues from infected trcut
shows an acute bacteremia and attendant inflammatory response in virtu-
ally all tissues. Bacteria are especially conspicuous in vascular tissue
and in areas of petechial hemorrhage (Rucker 1966). Bacterial coloniza-
tion occurs in the capillaries of heavily vascularized tissue. Bacterial
colonization is followed by dilation of small blood vessels, petechial
hemorrhage, erythrocyte congestion, and edema of the highly vascularized
tissues of the kidneys, liver, spleen, heart, and gills. Focal necrosis
occurs in the liver, and marked accumulations of mononuclear cells occur
in periportal areas. Hemorrhages occur in outer portions of the diges-
tive tract, and the lining or mucosa becomes edematous and necrotic and
sometimes sloughs into the lumen {(Busch 1983).

Enteric redmouth disease commonly causes sustained, low-level mor-
tality that may eventually result in heavy losses. Large-scale and acute
epizootics can occur if chronically infected fish are stressed by hauling,
or exposed to low, marginal, or inadequate concentrations of dissolved
oxygen or to other unfavorable environmental conditions.



DIAGNOSIS AND DETECTION

Tentative diagnosis of ERM is based on findings of clinical signs of
the disease, but confirmation is based on isolation and identification of
the causal bacterium. Yersinia ruckeri is a gram-negative motile rod
that is cytochrome oxidase negative, metabolizes glucose with the produc-
tion of acid but no gas, grows on triple sugar iron agar with an alkaline
slant and acid butt, gives a positive reaction with ornithine and lysine
decarboxylase, and--most important-—agglutinates with rabbit anti-ERM
serum. Although three serotypes of the bacterium have been described,
almost all outbreaks are caused by the serotype that was first isolated
and described, and that is referred to as Type 1. Presumptive diagnosis
can be made by applying a direct fluorescent antibody test on smears of
infected kidney tissue. Still another presumptive diagnosis was de-
scribed by Busch (1973), who used a modified passive hemagglutination
test to screen sera from populations of salmonids. Sera that showed
agglutinins against the ERM bacterium were considered as having come from
fish that had been exposed to ERM.

CAUSE OF THE DISEASE

For several years after the original isolation of Y. ruckeri at
Hagerman, Idaho, all isolates appeared to be serologically homogeneous
(Ross et al. 1966; Busch 1973). Since then, two other serotypes have
been described. O'Leary (1977) described a distinct or second serotype—-
Type 2--from Pacific salmon (Oncorhynchus sp.)--that differed antigen-
ically from the Type 1 in its ability to ferment sorbitol. And Bullock
et al. (1978) described a third serotype, from Australia, that failed to
react with antisera from either Types 1 or 2.

Researchers at the National Fish Health Research Laboratory, using
electrophoresis, distinguished 22 enzymes from 51 isolates of Y. ruckert.
Their work indicated only a low genetic variation among all isolates, and
they found no correlation between enzyme patterns and the three serotypes
(B. Schill, personal communication). Additionally, a comparison of
Y. ruckeri isolates from different geographic locations revealed that most
were Type 1 (McCarthy and Johnson 1982; Bullock et al. 1978). Bullock
et al. (1981) also demonstrated that Type 1 was far more virulent than
either Type 2 or Type 3.

Although the above reports suggested two serotypes within Y. ruckeri—-
differing in serology and pathogenicity--recent data from the National
Fish Health Research Laboratory did not support these differences.

Rather, the types were similar in biochemical reactions, total protein
profiles, isoenzyme analyses, and experimental mortalities in salmonids.
Although there are certain antigenic differences among strains, these
differences have not been correlated with the reported serotypes.



SOURCE AND RESERVOIR OF INFECTION

Although Y. ruckeri was first isolated in Idaho by R. Rucker in the
1950's, it has now been established that the bacterium was also present
in West Virginia and Australia in the 1950's (Bullock et al. 1978); con-
sequently the original source of the organism is unknown. Busch and
Lingg (1975) showed that 257% of the rainbow trout surviving an artificial
ERM challenge became asymptomatic carriers and that the bacterium local-
ized in the lower intestine. Such trout serve as reservoirs of infection.

MODE OF TRANSMISSION

Natural infections spread from fish to fish by direct contact, or by
exposure to carriers. Rucker (1966) transmitted the disease by exposing
healthy trout to waterborme bacteria from infected trout. Bullock et al.
(1976) similarly infected Atlantic salmon (Salmo salar). .Vertical trans-
mission has not been demonstrated (Dulin et al. 1976), and probably does
not occur. Stressors have been shown to play a significant role in
transmission (Hunter et al. 1980).

INCUBATION PERIOD

Experimental evidence suggests that incubation time is 5 to 10 days
at 13-15°C. 1In natural outbreaks, the incubation period is undoubtedly
affected by environmental factors such as temperature, pH, and dissolved
oxygen.

HOST AND GEOGRAPHIC RANGE

Since ERM was first reported, knowledge of the host and geographic
ranges has increased. Spread of ERM from Idaho was initially associated
with the transportation of carriers, and within 20 years the disease had
been spread to virtually all trout producing regions of the United States
and Canada. The disease has now been reported in Italy (Giorgetti et al.
in press), West Germany (Fuhrmann et al. 1983), Great Britain (Roberts
in press), and France (Lesel et al. 1983). The host range has also
expanded to include Atlantic salmon and Pacific salmon, and nonsalmonids
such as emerald shiners, Notropis atherinoides (Mitchum 1981). Further-
more, Stevenson and Daly (1982) reported the isolation of Y. ruckeri from
the intestine of a muskrat (Ondatra zibethicus). The increase in host
and geographic ranges probably represents, in part, an increase in sur-
veillance.



METHODS OF CONTROL
Prevention

Enteric redmouth disease is the first fish disease for which a
practical, commercially available bacterin was developed. The first
successful experimental bacterin, reported by Klontz (1963), was intended
for oral delivery. It was improved by later investigators (Ross and
Klontz 1965; Anderson and Ross 1972). Anderson and Nelson (1974) then
showed that injection of a bacterin was superior to oral administration.
However, injection is not practical for immunizing large numbers of
small fish.

Croy and Amend (1978) showed that fish could be immunized by immer-
sion in a hyperosmotic solution of sodium chloride, followed by immersion
in the bacterin. The first commercial ERM bacterin, licensed in 1976, was
delivered by hyperosmotic infiltration. Continued developments in the
delivery system showed that either simple immersion or spray application
of bacterin resulted in practical protection. Bacterins now available
consist of formalin-killed Y. ruckeri and accompanying growth products.
Delivery can be by immersion or by spray. The kinetics of the immune
response to ERM bacterin were reviewed by Anderson et al. (1979). Although
two principal serotypes of Y. ruckeri have been reported, commercial
bacterins contain only Type 1, and to date there have been no reports of
failure of the bacterin that could be attributed to the presence of Type 2
in the fish. Additionally, the use of commercial ERM bacterin has resulted
in decreased losses from the disease, decreased need for antibacterial
therapy, and--surprisingly--an increased growth rate in immunized fish
(Amend and Eshenour 1980; Tebbitt et al. 1981).

Tests conducted in vitro by Ross and Smith (1972) showed that 25 ppm
iodine of the iodophors Betadine or Wescodyne destroyed cells after only
a 15-s exposure. The authors suggested that a 5-min exposure of salmonid
eggs to 25 ppm iodine would be effective in killing ERM cells. There is

no evidence for vertical transmission (from parent to egg) of ERM (Dulin
et al. 1976).

Treatment

When outbreaks of ERM have occurred, a combination of sulfamerazine
at 20 g/100 kg of fish per day for 5 days, followed by oxytetracycline or
chloramphenicol at 5.0 g/100 kg of fish per day for 3 days, has been used
successfully to treat outbreaks of ERM (Rucker 1966). McDaniel (1971)
stated that a combination of sulfamerazine at 6.6 g/100 kg of fish per
day and furazolidone at 4.4 g/100 kg of fish per day, fed for 5 days,
gave excellent control of ERM outbreaks. The potentiated sulfonamide
Ro5-0037 (a combination of sulfadimethoxine and ormetoprim) has controlled



outbreaks when it was fed at the daily rate of 5 g/100 kg of fish for

5 days (Bullock et al. 1983). However, none of the above drugs have been
registered for use in the United States for treatment of ERM in fish
intended for human consumption.
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