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HOST AND GEOGRAPHIC RANGE

After Emmerich and Weibd (1890) first described Aeromonas salmonicida (syn. Bacillus
salmonicida, Bacterium salmonicida, Bacterium trutta) among trout in German hatcheries, it
was initidly bdieved that A. salmonicida was a pathogen exclusve for ingensvely cultured
sdmonid fishes. Current knowledge, however, indicates that relatively few cultured or fera fish
in freshwater, brackish or even marine environments are immune to the deleterious effects of this
pathogen. Let it suffice to say tha dl species of sdmon, trout, char and grayling are
susceptible to infection.  Furthermore, the number of non-samonid hogs that have become
infected with this bacterium has seadily multipled commensurate with the increased conduct of
epidemiologica invedtigations. Present indications suggest that there are at least four subspecies
of A. salmonicida; - salmonicida, achromogenes, masoucida and smithia (Holt et a. 1994).
Strains of A. salmonicida subsp. salmonicida induce typica furunculoss and cause severe
septicemia with resultant mortaity especidly within coldwater fishes The other subspecies
produce atypicad forms of disease that are often characterized by derma ulcerations and externd
pathology with or without subsequent septicemia The number, diversty and digribution of fish
gpecies that are susceptible to A. salmonicida enhances this bacterium’s distribution worldwide.
However, both typical and atypica subspecies may not be common to al geographic areas.  For
example, A. salmonicda was not reported within New Zedand or Audrdia until 1974, when
aypicd variants of A. salmonicida were introduced into Audrdia by an importation of diseased
onamental  goldfish (Trust et d. 1980; Humphrey and Ashburner 1993). Since that
introduction, atypica isolates of A. salmoncida have become endemic even among ferd
populations of goldfish (Whittington et d. 1987), but A. salmonicida subsp. salmonicida has not
yet been reported within Audrdian fishes Smilaly, only A. salmonicida subsp. salmonicida
has reported from samonids in Nova Scotia, Canada (Hamme 1995). It may be argued,
however, that such didinctions are somewhat controversd because aypica isolates of A.
salmonicida obtained from goldfish can be virulent in Atlantic sdmon (Salmo salar) and induce
pathology indicative of classca furunculoss (Carson et d. 1988).

PATHOLOGICAL CONDITIONS



Salmonid Furunculosis

Aeromonas salmonicida subsp. salmonicida causes severe ﬁ)ticemia and acute mortdity in
susceptible sdmonid hosts.  The mode of infection, nature of peathology, and the degree of
mortdity, however, is interdaed with the ?udity of environmental parameters and furthermore
affected by the age and innate resistance of the host. Peracute infections most often occur in
fingerling fish, which may darken in color and die without showing marked dinicd indicaions
of dissese. Only a slight exophthadmia may be evident. Acute infections often occur in juvenile
and adult fish that darken in color and hemorrhage a the base of fins and ora cavity. Internd
hemorrhages may be evident in the abdomina wals, viscera, and heart of affected fish. The
gleen is enlarged, and the liver can have subcgpsular hemorrhages, or foca necrosis of
parenchymatous tissue. Affected fish may disolay eratic swimming behavior, become duggish,
and stop feeding.  Consequently, the somach and intestine are usualy devoid of food, and the
lumen may contain doughed epithdid cdls mucus, ad blood. The reproductive organs are
commonI%/ hemorrhaged and the intestine is often severely congested (Scott 1968). The chronic
form of furunculoss usudly occurs in older fish that have become more refractive to the disease
or among species that have grester innate resstance to infection by A. salmonicida. One or more
furunde-like lesons may present on the dermis and ulcers may extend deep into the
musculature.  Interndly, chronicdly infected samonids show a ?enerd viscera congestion and
itonitis. Hemorrhg;& may occur over the pyloric area and liver, and kidneys are soft or
riable (McCarthy and Roberts 1980).

Figure 1: Brook trout (Salvelinus fontinalis)
showing a furuncle like leson near its dorsd fin
caused by infection with Aeromonas salmonicida

W{; subsp. salmonicida. Photograph by R. Cipriano.
B > - -

The devdopment of the characterigic “furuncle-

like’ leson is not a conagtent finding, but is most

often associated with chronic infections.  When
these lesons are present, they consig of tissue fluid exudate, necrotic tissue, and some
macrophages.  Thus, the furunculods leson differs from the true furuncle associated with
homeothermic vertebrates, which is characterized by a necrotic mass of polymorphonuclear
leukocytes. Degeneration of myofibrils, fragmentation of muscle fibers, and hemorrhage of the
entire muscular tissue is evident within the swdling =% T T e, :
leson and leads to a colliquative necross of the : 1.
musculature in the most serious lesons (Saka
1978). Bacteria may dso colonize the gill
epithdium on or between the secondary lamelae
(Bruno 1986) where they may be enclosed within a
membrane that is continuous with the basement
membrane of the lamdlar epithdium (McArde &
d. 1986). Bacterid embolisms may develop in gill
lamellae causng a further proliferation of branchid
epithdid cdls and a subsequent fuson of gill
landlae tha impars circulaion (Miyazaki and
Kubota 1975a).




Figure 2: Ulceration deep into the musculature of a brook trout (Salvelinus fontinalis) caused by
Aeromonas salmonicida subsp. salmonicida. Photograph by R. Cipriano.

Trout Ulcer Disease

Fish (1934) described an Ulcer Disease in Trout among samonids from a hatchery in Cortland
(New York), which he bdieved was smilar to but distinct from the clinicd picture observed in
typicd sdmonid furunculoss. He adso noted that sSmilar pathology was previoudy reported
among trout at two other New York hatcheries on Long Idand (Cakins 1889) and Cold Spring
Harbor (Marsh 1905). In each of these cases, disease manifested itsdf as an externd bacterid
infection without involvement of the blood, liver, spleen, and kidneys, but the poderior intestine
was often congested. Lesions were infrequently observed in the kidneys or livers of affected fsh
and, if present, they were consstently serile by culture on nutrient agar. Snieszko (1952) did
imply that an internd pathology Smilar to that described for typicd sdmonid furunculosis might
develop in the most acute cases. Because specific pathogen free fish were not readily available
for his experimentd purposes, it is difficult to determine if the internd peathology aluded to by
Snieszko was actudly a clinicd indication of ulcer disease or the expresson of an underlying A.
salmonicida subsp. salmonicida infection.

The externd clinica pathology that was observed in cases of Ulcer Disease, however, was quite
dissmilar to typicd samonid furunculoss Patches of the epidermis initidly thickened and then
enlarged to form white epiderma tufts from 05 to 1.0 mm in diameter. The development of
these tufts progressed until the underlying dermis was eroded and a findy ddineated dark red or
gray ulcer became apparent. Bacteria multiplied within the necrotic debris of the exposed
subepithelial connective tissue but did not necrotize or penetrate deeply into the musculature.
The lesons, therefore, remained shdlow and developed from the outsde in. By contradt, the
furuncdles of typicd samonid furunculoss developed from the ingde out and were evident deep
into the musculature.  Other ulcers were aso present on the fins, jaw, or in the ord cavity where
the soft tissue covering the roof of the mouth was eroded (Wolf 1938).

Figure 3. Shdlow ulceration on the dermis of
a brook trout (Sdveinus fortindis) thet is
characterigic of the lesons observed in Trout
Ulcer Disease caused by Aeromonas
salmonicida subps. achromogenes. The
gliology of this ocondition was formely
ascribed to Hemophilus piscium.  Photograph
courtesy of S. F. Snieszko persond collection.

Snieszko and Friddle (1948) origindly isolated and Snieszko et d. (1950) then described
Hemophilus piscium as the etiologic agent of Ulcer Disease in Trout. Paterson et d. (1980a) later
suggested that this bacterium was actudly an aypica, achromogenic srain of A. salmonicida by
showing that DNA:DNA hybridization results for H. piscium were dmilar to those of A.
salmonicida, but beyond acceptable limits for the genus Hemophilus. These workers further



showed that srans of H. piscium were (1) sendgtive to A. dmonicida bacteriophage;, (2)
serologicdly identicd to A. salmonicida; and (3) phenotypicaly anadogous to achromogenic
drains of A. salmonicida. Unfotunatdly, the origind isolates described by Snieszko and Friddle
(1948) and Snieszko et d. (1950) were not available for comparison.  Thornton et d. (1999) dso
showed the SSU rRNA gene sequence identity between H. piscium and A. salmonicida subp.
salmonicida is 99.6%. This information drongly argues that the pathology observed in Trout
Ulcer Disease is caused by atypica, achromogenic strain of A. salmonicida.

Goldfish Ulcer Disease

Goldfish ulcer disease was first described by Mawdedey-Thomas (1969), who termed the
condition furunculoss of goldfish because A. salmonicida was isolated from skin lesons.
However, the organism in those studies was actualy a typica biotype of the bacterium, A.
salmonicida subsp. salmonicida and, therefore, the clinicd pathology described by Mawddey-
Thomas is quite different than that which is obsarved in the mgority of reports concerning
Goldfish Ulcer Disease. True Goldfish Ulcer Disease, however, was actudly introduced into
goldfish farms in the United States during the 1970's.  Although other investigators ttributed the
etiology of this disease to a fungus (comycete), a yellow pibmented bacterium (Flavobacterium
columnarae), or a protozoan (Epistylis longicorpia), Elliott and Shotts (1980a, b) established the
causal agent to be another atypical, achromogenic variant of A. salmonicida.

Figure 4. A dermd ulceration on a goldfish (Carrasius
auratus) indicative of Goldfish Ulcer Disease caused by an
atypicd variant of Aeromonas. salmonicida. Photograph by
R. Cipriano.

The role of ectoparasites in creating a porta of entry for A. salmonicida remans unclear, but A.
salmoncida preferentidly adhered to mucus and dead or damaged cdls in the dermis.  Ealy
infections appeared as white proliferations on the epithdium of fishes These areas developed
periphera hemorrhages beneath the scales and. as the lesion develops, scales in the affected area
were doughed, the dermis became necrotic, and there was ggnificant degeneration of the
musculature. There was dso a marked leukocyte infiltration a the Ste of trauma within 24 — 48
h. Unlike typicd sdmonid furunculoss, the infiltration perssed throughout a 21-day
observation period and condsted of acidophilic, heterophylic, and basophilic granulocytes,
lymphocytes, and macrophages. There was no evidence, however, that A. salmonicida was
phagocytized by the leukocytes.  Septecemia caused by A. salmonicida was most likely to be
found if fish had wdl-developed derma lesons. The causative bacterium was most readily
isolated just below the dermis at the peripheral margin of the lesion.



Carp Erythrodermatitis

Carp erythrodermatitis is a subacute to chronic skin disease that occurs at temperatures from 4 to
30°C (Pol et d. 1980). This disease was historically associated with Carp Dropsy Syndrome
until Ajan (1972) showed that Carp Dropsy actudly involved two infections Spring Viremia of
Carp caused by Rhabdovirus carpio and Cap Erythrodermatitis. Consequently, the etiologic
g?ent of Cap Erythrodermatitis was isolated and described as an atypicd, achromogenic variant

A. salmonicida (Bootsma e d. 1977; Bootsma and Blommaert 1978). Although A.
salmonicida is now recognized to cause Carp Erythrodermatitis, it is important to note that other

ies of bacteria may dso induce externd lesons in carp that are macroscopicdly smilar to
those that are caused by A. salminicida (Schultz 1980).

Figure 5. A demd ulceration in the mirror carp
(Cyprinus carpio) indicative of the pathology
observed in Carp Erythrodermatitis, as caused by an
atypicd Aeromonas salmonicida. Photograph from
NFHRL collection courtesy of R. Bootsma

Clinicad indicatications of Cap FErythrodermatitis become evident as smdl inflamed
hemorrhagic areas on the skin that develop into white erosons surrounded by a narrow red zone
and darkened pigmentation.  Extensve hemorrhage in the dermis is followed by a necross of
the epidermis with strong infiltration by polymorphonuclear leukocytes Edema in the dermis
disolaces “knots’ in the epidermis while hemorrhage occurs around the veins inducing a
persgent inflammatory infiltration that extends into the dratum compactum, subdermis and
underlying musculature.  Irregular, hemorrhagic, ulcers proliferate in the centra necrotic aress
(Gayer et d. 1980).

Common cap with extensve lesons may dso exhibit exophthdmia, hemorrhage in the gills
abdomind digention and anemia. In more advanced cases, a transudate may be present within
the abdomind cavity, and the internd organs may become edematous (Fjan 1972). The
causative bacterium is present exclusvely in lesons between the dermis and epidermis (Bootsma
et d. 1977), but is not cultured from the kidneys of infected carp.

TAXONOMY AND CLASS FICATION

In the ninth edition of “Bergey’s Manud of Determinative Bacteriology,” Holt et d. (1994)
recognize four subspecies of A. salmonicida; - namely, salmonicida, masoucida, achromogenes
and smithia (Table 1). Although phenotypic (Griffin 1954; Popoff 1969; Dasgeard et a. 1994,



Hanninen e d. 1995) and genotypic (Belland and Trugt 1988; Umeo and Trust 1998; Boyd et
a. 1994; Nidsen e d. 1994; Garcia e d. 2000; O'Hici et a. 2000) characterizations have
conggently indicated that drains of A. salmonicida subsp. salmoncida form a homogeneous
clond group, more variation exiss among “aypicd” isolaes (Powel e d. 1998, Hoie et 4.
1999; Yamada et d. 2000). In fact, molecular and genotypic analyses have not necessarily
correlated with phenotypic subspeciation (Augtin et ad. 1998) and the degree d heterogendty is
aufficiently grester among aypicd isolates than that which is goparent within the three
subspecies masoucida, achromogenes and smithia (O'Hici et a. 2000). In fact, Augtin e 4.
(1989) have shown that numerica taxonomy and DNA: DNA hybridization techniques divided
A. salmonicida into five phena  In ther dudies, subspecies masoucida, salmonicida,
achromogenes, and smithia grouped within phena 10, 11, 12, and 14, respectively. Phenon 13
contained an additiond group of atypicd isolates that did not group within any of the recognized
subspecies.  Isolates from this phenon have been obtained from both saimonid and nortsamonid
sources, can induce ulcers and septicemia in rainbow trout and goldfish, and produce brown
pigment. Unlike al previoudy reported isolates of A. salmonicida, most (87%) of the isolates in
phenon 13 grow at 37°C (Austin 1993).

Pavan et al. (2000) have aso proposed a new subspecies, “pectinolytica,” based upon phenotypic
and DNA: DNA hybridization studies of isolates obtained from polluted waters of the Mantanza
River, near Buenos Aires, Brazil. Ther isolaes were unusudly dissmilar to hitherto reported
isolates of A. salmonicida in ther ability to ferment sorbitol and degrade polypectate. Anayss
of 16S rDNA sequences indicated that these isolates congtituted a tightly knit genomic group that
was most closdly related to A. salmonicida subspp. salmonicida, masoucida and achromogenes.




Table 1: Phenotypic Differentiation Of Different Subspecies Of Aeromonas salmonicida
described in “Bergey’s Manual od Deter minative Bacteriology”, 9" ed. (Holt et al 1994)

Aeromonas salmonicida subp.
Characteristic salmonicida achromogenes masoucida smithia

Indole production - + + -
Methyl Red + + + -
V ogues Prokauer - - + -
H,S production - - + +
Lysine decarboxylase d d d -
Arginine dihydrolase + + + [-]
D-Glucose acid + + + [+]
D-Glucose gas + - + [+]
L-Arabinose acid + - +

D-Gdlactose acid + + + -
Glyceral acid d d d [-]
Madtose acid + + + -
D-Mannitol acid + - + -
Sucrose acid - + + d
Trehaose acid + + + -
Esculine hydrolysis + - + -
Lipase (corn oil) + + + -
ONPG d d d +
Brown pigment + - ; .

+ = 90% or more grains are postive; - = 90% or more strains are negative; [-] = 0-10% are
postive; d = 11-75% of gtrains are poditive; [+] = 76-8%% of dtrains are postive.




DETECTION AND DIAGNOSI S

Presumptive diagnoses of typicd and atypicd variants of A. salmonicida from dinicaly diseased
or moribund fish are based on dinicd indications of disease, the type and number of species
infected, and the dinicd higory of dissase within the affected population or facility.
Presumptive diagnoss of aypicd A. salmonicida infections in sdmonids or nonsdmonids is
more difficult than the diagnoss of typicd furunculods because dinicd dgns vay and dermd
lesons are often contaminated with opportunisic fungi and bacteria  Definitive diagnosis of al
A. salmonicida infections requires isolaion and identification of the causative bacterium.
Pigmented typicd A. salmonicida grains can be readily isolated from kidney tissues of dead or
moribund fishes usng commercid media such as trypticase soya agar or brain-heart infuson
agar. Differentiation of colonid types that grow upon primary isolation can be facilitated by the
ample addition of 0.1% (weight: volume) Coomassie Brilliant Blue (CBB) R-250 into ether of
the aforementioned media.  When cultured on CBB agar, the A-layer protein that is present in
virulent drains of A. salmonicida will absorb the Coomassie Brilliant Blue protein-specific dye.
Consequently, virulent A. salmonicida develop dark blue to deep violet, friable colonies on CBB
agar (Cipriano and Bertolini  1988; Cipriano and Blanch 1989). Although CBB agar facilitates
presumptive identification, it is not a sdective medium and a definitive diagnoss should be
confirmed via additiona biochemica tests (Teskaand Cipriano 1993).

Figure 6: Growth on Coomesse Brilliant Blue (CBB) agar
differentiates between A-layer podtive colonies (blue) and A-layer
negative colonies (white) of Aeromonas salmonicida. Most isolates
from fish contan the A-layer and the characteristic blue growth of
such colonies on CBB agar dso facilitates presumptive diagnoss.
Photograph by R. Cipriano.

Atypicd pigmented or nonpigmented drains of A. salmonicida are fadidious on initid isolation
from leson materid and the presence of biotic contaminants may interfere with an accurate
diagnoss. McCarthy (1977a) suggested, therefore, that solation should be attempted from early
and advanced ledons usng a minimum of sx fish from each epizootic. Elliott and Shotts
(1980a) found that primary isolation of aypicd isolates causng Goldfish Ulcer Disease was
fecilitated on blood agar. Additionaly, Bootsma et d. (1977) suggested that diagnosis of Carp
Erythrodermatitis should be enacted fird by experimentdly infecting hedthy common cap by
contact with diseased carp; and second, by inoculation of lesion materid from experimentaly
infected carp onto a medium consisting of tryptose blood agar base (DIFCO), 10% blood serum,
and filter decontaminated ampicillin and polymyxin B sulfate to find concentrations of 50
po/mL and 50 1U/mL, respectivdly. These fadidious atypicd isolates have a gpecific
requirement for haem that is essentid for the initiation of growth, especidly when the bacteria
ae in low concentrations within the initid inoculum. Incorporation of haematoporphyrin and
haemoglobin into the medium may, therefore, provide a suitable for of haem and increase plating
efficieny (Ishiguro et d. 1986).



Following primary isolation, purified clones of typicd and aypicad drans of A. salmonicida are
readily confirmed if resultant bacteria are gram-negative nonmotile rods that are cytochrome
oxidase pogtive, ferment glucose, and differentiate according to the biochemicd criteria listed in
Table 1. Dasgaard et d. (1998) noted that the identification of aypicd isolates is particulary
troublesome unless biochemical tests are interpreted within a sandardized time frame. It is ds0
important to note, that some srains of A. salmonicida may be cytochrome oxidase negative, - a
result that is incondgstent for this species (Chapman et d. 1991; Pedersen et a. 1994; Wiklund et
a. 1994). A number of polymerase chain reaction (PCR) assays have aso been developed that
can be used dther to achieve an initid diagnoss of furunculods in dinicdly infected samples
(Gustafson et a. 1992; Caldbrez et a 1993; Mooney et d. 1995; Haie et d. 1997) or to confirm
the identity of isolates that have been cultured subsequent to primary isolation (Hiney et d. 1992;
Miyata 1996; Oakey et a. 1998). Because PCR-assays may often detect concentrations of
bacteria below those obtained by culture, predictive validation and interpretation of results in the
absence of definitive culture- pogitive results is often problematic (Hiney and Smith 1998).

The production of a brown water soluble pigment remains a principad phenotypic characteridtic
in the presumptive identification of most A. salmonicida subsp. salmonicida.  Griffin & 4.
(1953) noted that the incorporation of L-phenyldanine and L-tyrosine in media (pH = 6.5 t06.8)
enhanced pigmentation. However, the presence of fermentable sugars (eg. — matose), 10%
carbon dioxide, smply tightening the caps of test tubes, or incubation of cultures above 22°C
ddayed pigmentation  (Griffin 1953). The incorporation of 0.1% glucose in bacteriologica
media may not only inhibit pigmentation but dso cause an overdl reduction in the sze of the
bacterid colonies (Altman e d. 1992). Although the presence of brown pigment may facilitate
diagnoss, similar pigments are dso produced by other aguatic aeromonads (Ross 1962) and
pseudomonads (Hamilton-Miller 1975; Altman et d. 1992).

A number of different serological techniques may be used for identification (Rabb et d. 1964,
McCarthy and Rawle 1975; McCarthy 1975b; McCarthy and Whitehead 1977; Eurdl et a.
1979). Saka e d. (1986) noted that enzyme immunoassays (ELISA) amplified with secondary
and tertiary antibodies may detect as little as 10° colony forming units (cfu) of A. salmonicida per
mL. They ds found that norma ELISA and immunofluorescence assays detected a minimum
of 10° and 10° cfu of the pathogen, respectively; but it required as many as 10” cfu for detection
using ether the latex agglutination or coagglutination procedures. Adams and Thompson (1990)
aso demondrated that the threshold limit for detection of A. salmonicida by a norma ELISA test
was approximately 10° cfu/mL.

Fish may be covert cariers of A. salmonicida even when culture or other methods of diagnoss are
negative (Hiney et d. 1997). In such cases, the stress induced furunculoss test as described by
Bullock and Stuckey (1975) and modified by McCarthy (1977b) has proven to be the most reliable
procedure for detection of A. salmonicida among carrier fsh (Hiney e d. 1994; Cipriano et d.
1997). In this procedure, fish are injected with 20 mg of prednisolone acetate per kilogram of fish
and maintained for 14 d in water a 18°C. All mortdity is cultured to confirm the presence or
absence of A. salmonicida. If no fish die, the observation period may be extended or dl fish may be
sacrificed and cultures are then prepared from their kidneys. Stress inducible furunculoss may be
seasond or trandent in nature and can be enhanced by certain physologicd (Scdlan and Smith
1993) and environmenta stressors (Scallan et d. 1994). Filtration (Maheshkumar et d. 1990; Ford
1994) or PCR (O'Brien et d. 1994) andyses may adso be adapted to detect and monitor
concentrations of A. salmonicida in culture weter or facility effluents.

BACTERIAL ECOLOGY
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Rose e d. (1990a) have indicated that within most microcosms, vigbility of A. salmonicida (as
measured by cultivation on bacteriologicad media) was generdly less than 10 days, which is
consgent with the obligate nature of this pathogen. Usng a dreptomycin-resstant mutant of A.
salmonicida, McCarthy (1977b) determined that the bacterium survived 24 days in naurd
brackish water, 17 days in nongterile freshwater, and 8 days in seawater. He dso found hat A.
salmonicida survived on wet or dry nets for 6 days and in tissues or carcasses of fish that died
from furunculogs for 32 days. On fish husbandry equipment, the bacterium may adhere more
preferentidly to plagtics than it does to dainless sed (Carbalo and Seoane 2000). Saka (1986)
has shown that virulent srans may survive for more than 15 weeks in the presence of humic
acid, tryptone, and cleaned river sand but cells were not viable within five weeks in the absence
of sand.

Although viable counts of A. salmonicida could not be detected after four weeks in loamy
sediment and after seven weeks in sandy sediment, naked DNA and DNA from released cdls
were gill present after 13 weeks (Deere et d. 1996). Viable cdls of A. salmonicida were
observed microscopicaly even when the bacterium could not be cultured on agar plates (Morgan
e d. 1993, Effendi and Audin 1994). These viable but nonculturable cells underwent magor
morphologicd changes and lost pathogenicity for Atlantic sdmon (Effendi and Augtin  1995a)
and were conddered to be dormant (Ferguson et al. 1995). Rose et d. (1990b) have argued
agang dormancy and suggested that a smdl number of cdls fewer than the sendticvity of
detection by culture, remain viable and can be resuscitated by the addition of nutrient broth.
Perez et d. (1995) have aso supported the argument againgt dormancy indicating that A.
salmonicida remained viable in filtered sea water for 23 to 90 days a 10°C and for 12 to 69 days
at 20°C. After the addition of nutrients, Husevag (1995) showed that a smal percentage of A.
salmonicida cdls, previoudy saved for six months in a nutrient-free medium a 15°C, could be
revived in liquid but not on agar media Whether or not A. salmonicida enters a true dormancy,
it is evident that nutrient flow within the environment could rguvenate the growth and
replication of this bacterium o that, even a smal number of non-culturable cdls might become a
potentia reservoir of infection for naive fish.

TRANSMISSION

Fish that harbor latent infections of A. salmonicida and can tranamit the pathogen horizontaly by
ather physca contact or shedding the bacterium into the water column represent a sgnificant
threat for horizontal transfer of the pathogen to naive fish within freshwater (Horne 1928) and
marine environments (Scott 1968; Nomura 1993). Epizootics are particularly troublesome a the
beginning of marine culture if undetected A. salmonicida carrier smolts are transported into pens
(Hammel  1995). Under such conditions, transport often fecilitates contagion and the
physiologica stress encountered with osmoregulation may enhance discase (Ezura et d.  1984).
Contagion within naturd waterways may be further enhanced by the escgpe of infected
individuals from culture facilities or sea faams and the subsequent movements of these infected
fish within the ferd environment (Johnsen and Jenson 1994). Large aggregations of fish in deep
pools or benesth waterfdls in response to favorable water temperatures may facilitate contagion
(Johnsen and Jensen 1994).

There is probably no one way in which A. salmonicida enters a susceptible host, but the
bacterium is readily transferred by the horizontal contact among infected fish that are cohabited
with naive individuals (Nordmo et d. 1998). Although some workers have failed to transmit the
disease via a gadtrointestina route (Krantz et d. 1964; McCarthy 1977b), Klontz and Wood
(1973) observed dlinica furunculoss in sablefish that seemingly resulted from the ingestion of
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infected coho sdmon (Oncorhynchus kisutch). Miyazaki and Kubota (1975ab) have provided
histopathologica evidence for both perbranchia and percutaneous routes of infection.

Present information suggests that the source and reservoir of infection and trangmisson of
atypicd A. salmonicida is probably smilar to that which has been described for typicd drains
(Wiklund and Dasgaard 1998). Tuffery and Dehand (1979) were not able to isolate bacteria
from tissues of live or dead carp that tad been injected with a Carp Erythrodermatitis variant of
A. salmonicida. Elliott and Shotts (1980b) aso found that goldfish injected with A. salmonicida
isolated from clinica cases of Goldfish Ulcer Disease died without developing ulcers. However,
ulcers were produced if the goldfish were ether exposed to the pathogen in the water or after
scaification in which a sample of scdes was removed and the exposed dermis was swab
inoculated with bacteria.  In studies conducted at the Nationd Fish Hedth Research Laboratory,
we aso found that rainbow trout (Salmo gairdneri), brook trout (Salvelinus fontinalis), and
Atlantic sdmon died &fter injection with aypicd variants of A. salmonicida isolated from
goldfish, without the deveopment of dermd ulceratiorss Remova of mucus, followed by skin
inoculation, produced ulcers in brook trout and Atlantic sdmon, but not in rainbow trout.
Atypicd isolates obtained from ulcerated flounders (Platichthys flesus) could reproduce dermal
ulcerations only if the bacterium was injected subdermdly or if the skin of fish had been
scarified prior to waterborne chdlenge (Wiklund 1995). The importance of dermd scarification
is further emphasized by Takahashi e d. (1975), who concluded that the naturd transmisson of
Goldfish Ulcer Disease was most severe among fish whose dermis had been severdly eroded by
gther ectoparasites or handling. Aeromonas salmonicida has been isolated from the sea louse
Lepeophtheirius salmonis (Nese and Enger 1993) in the marine environment and from Argulus
corregoni (Shimura et d. 1983), and Tetrahymena pyriformis (King and Shotts 1988) within the
freshwater environment. Because each of these paragites is cgpable of inducing severe branchid
or derma damage, it has been theorized but not substantiated that infected ectoparasites may act
as vectors in the spread of furunculoss.

Horizontd transmisson of A. salmonicida has dso been demonstrated where mollusks have been
co-cultured with susceptible hosts (Bjoershol 1999; Starliper 2001). Another novel application
of husbandry techniques that may effect the tranamisson of infection involves the use of wrasse
as deaner fish to cdear sea lice from Atlantic sdmon in net pen culture. The wrasse may
themsdves become infected with aypicd variants of ether by ordly ingesing infected sea lice
or through horizontal exposures with other infected fish. Infected wrasse may, therefore, act as a
further reservoir of contagion for sdmon with which they are co-cultured (Collins et d. 1991,
Ladler et d. 1999). As a consequence of such infection, it was suggested that wrasse should not
be rdeased into the environment or trandferred between facilities a the end of specific
production cycles (Treasurer and Laidler 1994).

In addition to horizonta transmisson via cohabitetion or fish to fish contact, Wooster and
Bowseer (1996) found that viable cdls of A. salmonicida can be dispersed in aerosol droplets at
leest 104.1 cm (limits of the test chamber used) in the ar. Viable A. salmonicida was aso
recovered from the water of tanks that were exposed to an aerosol spray downwind of the
contaminant source. This study indicates that agrosol transmisson of A. salmonicida may be
particularly problematic where culture systems utilize spray bars within raceways or aguaria in
close proximity to one another. These findings are dso consigent with the report of Enger et al.
(1992) which indicated that concentrations of A. salmonicida are sdectivdly enriched within in
the lipid rich surface microlayer a the air-water interface.

Mackie et a. (1930) noted the presence of A. salmonicida within the ovaries and testes of
infected fish, but faled to experimentdly induce intraovum infections and verticdly trangmit
furunculosis between parent and offspring.  Consequently, Mackie et a (1933) concluded that A.
salmonicida contaminated the surface of the eggs and recommended that such eggs should be
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disnfected to minimize or prevent further contagion (Mackie et d. 19933). McCarthy (1977b)
indicated that verticd trangmisson was not a dgnificant route of infection because A.
salmonicida cdls from infected parents were unlikdy to survive in the eyed-egg sage.
Smilaly, Bullock and Stuckey (1987) were unable to document verticd transmisson of
furunculoss among the progeny of paentd docks that had ether survived furunsuloss
expizoatics or had been experimentdly injected with A. salmonicida prior to spawn.

VIRULENCE FACTORS

Because clinicd dgns of furunculoss are readily produced in fish injected with extracdlular
products produced during the growth of A. salmonicida (Ellis et d. 1981), an extensive body of
research exists on mechanims of virulence associated with this pathogen.  Such virulence has
been associated with sructural components of the bacterid cdl and with exotoxins that are
secreted during bacterid metabolism.  Although it is phenotypicdly difficult to predict virulence
in vitro based upon the presence or absence of an individua bacterid component (Olivier 1990),
the synergidic effect of each of these dements is indeed Sgnificant to the cumulaive expresson
of furunculoss in vivo. The nature of virulence in A. salmonicida is indeed complex and
gpparently varies between gtrains.

A-Layer Protein

"‘“ Figure 10: Transmisson eectromicrograph of a virulent
Aeromonas salmonicida showing the presence of the A-
layer (A) in reation to the bacterid outer membrane
(OM), rigid layer (R), plasma membrane (PM) and pili-
like appendages (B).

Udey (1978) showed that virudlent A. salmonicida possessed an additiond layer (A-layer)
associated with the external surface of the membrane of the cdl wal. Evenberg et a. (1981)
determined that the Alayer conssted of a mgor additiona cell envelope protein (ACE) that was
immunologicdly smilar among virulent isolates. The protein was water-insoluble, hydrophobic,
and amilar to the K88 adhesive fimbriae of enteropathogenic Escherichia coli. The protein was
decribed to have a molecular weight of 49 kiloddtons, which was expressed in a regularly
repesting tetragona array beyond the bacteria cdl wall (Kay et d 1981), and was present
within typica and atypical dtrains of the pathogen (Hamilton et d. 1981). Kay and Trust (1991)
additionaly showed that the tetragond array is tethered to the cdl surface via the Gantigen Sde
chain of the bacterid lipopolysaccharide (LPS).  The A-layer protein array apparently blocks
bacteriophage receptors on the outer membrane of A. salmonicida, presents a chemicdly
refractile and somewhat impermeant barrier (Trust et a. 1981) tha buffers the underlying outer
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membrane and its associated proteins from chemicd modification involved with host defense
including dements of both the immune response and cytotoxic effects of the complement
pathway (Kay and Trust 1991). Garduno et a (2000) have dso shown that A-layer pogtive
grainsof A. salmonicida can efficiently adhere to, enter, and survive within macrophages.

Glycerophospholipid cholesterol acyltransferase

When injected into fish in its purified form, bacterid endotoxin or lipopolysaccharide (LPS) that
is produced by A. salmonicida is not pathogenic (Wedemeyer et a. 1969; Paterson and Fryer
1974). Within the matrix of extracdlular products produced by A. salmonicida, however, LPS
may be aggregated with bacteriad glycerophospholipid cholesterol  acyltransferase  (GCAT;
molecular weight = 25 kiloddtons). Lee and Ellis (1990) have indicated that the GCAT/LPS
complex (molecular mass = 2000 kilodaton) is hemolytic for fish erythrocytes, leukocytolytic,
cytotoxic, and lethd for Atlantic sdmon when injected a a concentration of 0.045 pg protein/g
of body weght. The LPS did not affect the enzymatic activity of free GCAT with egg yolk or
phosphatidylcholine (lecithin). When complexed with LPS, GCAT was more heat sable and
both hemolytic activity and lethd toxicity was about eghtfold higher in the complexed form.
Unlike earlier dudies, therefore, the authors suggested that the LPS moiety of the aggregae
GCAT/LPS complex isindeed an important eement in the pathogenicity of A. salmonicida.

Bacterial proteases

Ealy dudies indicated that as a consequence of septicemia bacteria utilizetion of the hodt's
blood sugar induced hypoglycemia and subsequent death (Fidd et d. 1944). At that time very
little was known about the potent action of bacteria exotoxins produced by A. salmonicida until
Griffin (1954) suggested that this bacterium produced a leucocidin that was responsible for the
severe leukopenia observed histopathologicaly in leson development. Klontz e d. (1966)
would initidly show that this suppresson of the inflammatory response could be produced by
injecting trout with cel-free extracts from A. salmonicida. That work would initiate additiond
investigations of virulence associated with the exotoxic substances produced by A. salmonicida
that continue to this day.

Fuller et d. (1977) extracted a leukocytolytic factor from the extracdlular products (ECP), which
not only was cytotoxic for leukocytes but aso synergidticaly enhanced bacterid virulence when
injected in concert with vigble cdls. A protease was dso extracted from the extracdlular
materid (Shieh and MacLean 1975) that induced the development of furuncle-like lesions in fish
(Seka 1977). Cipriano et d. (1981) determined that the extracdlular materia was actudly a
composite of substances, one analogous to the leukocytolytic factor described by Fuller (1977),
another was proteolytic and induced leson development similar to that reported by Saka (1977),
and yet others expressed cytotoxic activity to rainbow trout (Oncorhynchus mykiss) gonad cdls
(RTG-2) in tissue culture or were hemolytic for trout erythrocytes and lethd in brook trout
(Salvelinus fontinalis) regardless of the virulence of the strain from which they were extracted.

Shieh (1985) found that the proteolytic activity inherent among virulent isolates was

guantitetively more toxic for Atlantic sdmon than that isolaled from avirulent isolates.
Production of a protease deficient mutant which logt virulence but maintained autoagglutinetive,
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serum resdant, adhesive, hemolytic, and leukocytolytic activities provided further indication
that extracdlular protease was an important dement of bacterid pathogenicity (Saka 1985).
Based upon chymotryptic properties, inhibition by diisopropylfluorophosphate (DFP) and tosyl-
phenyldanine-chloromethyl ketone (TPCK) and hydrolyzed N-benzoyl-L-tyrosne ethyl edter
(BTEE), Tgima et d. (1984) characterized a heat labile akdine serine protease from the ECP of
A. salmonicida with a molecular mass of 71 kilodatons. Proteolytic activity was stable from pH
5.0 to 10.0, but maximum activity was observed a pH 9.4 and 50° C. Price et al. (1989) showed
that srains of A. salmonicida actually produced at least two types of proteases, a serine protease
of molecular weight 70 kiloddtons (smilar to that described by Tgima) which is active againg
casain and gdain and another of molecular weight 20 kiloddtons which is active agang gelatin
but not casein. Because no difference was observed in the toxicity of extracdlular products
produced by caseinase deficient mutant and its wild-type A. salmonicida, Drinan et a. (1989)
inferred that the caseinase enzyme has no mgor role in the pathogeness of A. salmonicida
infections.  Gudmundsdottir e a. (1990) has described a 20 kiloddton protease within A.
salmonmicida subsp. achromongenes that was lethd for Atlantic sdmon and identified as a
metalo-protease based upon its inhibition by EDTA. A 35 kilodaton metdloprotease was aso
isolated from A. salmonicida subsp. salmonicida with optimum acticvity a pH 7.5 and 40°C
againg gdatin and azocoll but not againgt casein (Arnesen et d. 1995).

Siderophore Production and Iron Regulation

Mog typicad and atypicd isolates of A. salmonicida can grow under conditions of iron
redriction as evidenced in vitro by multiplication in the presence of iron cheators.  However,
sderophore production was detected only among typicd drains and it behaved as a 2,3-
diphenol-catechol (Hirst et a. 1991). Consequently, it was inferred that atypicd and typica
isolates regulate iron-upteke by different mechaniams.  Among typicd drains, utilization was
siderophore-dependent and transferrin was digested by the 70 kiloddton serine protease. The
presence of the catechol Sderophore and mgor ironregulated outer membrane proteins
(IROMPs) were consgent and homogeneous within A, salmonicida subsp. salmonicida
(Fernandez et a. 1998). Consequently it would appear that the sderophore-independent
utilizetion of trandferrin within aypicd isolates is a function of proteolytic digestion by the
metall oprotease.

CONTROL

Because furunculoss infects such a wide variety of hods in a diversty of habitats, the bacterium
is predominantly managed as a geographicdly ubiquitous, but obligate pathogen. The pandemic
digribution and prevdence of this bacterium, however, should never diminish the gravity of its
pathogenic ramifications in the minds of fish culturists and resource managers. Reference to the
factord interplay of hogt, pathogen, and environment is used so often that it becomes an abstract
conceptuaization of the disease process. Avoidance of A. salmonicida within populations of fish
is criticd to the prevention of furunculoss. Jap e d. (1993) have found that the migratiion of
anadromous fish into hatchery water supplies, a dense concentration of other infected fish culture
dations proximate to uncontaminated dations, and shaing personnd or equipment between
dations ae among the mogt Sgnificant risks associated with the introduction of furunculoss
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(Jarp. e a. 1993). Managers have some degree of control over each of these parameters.
Ultraviolet irradiation (Bullock and Stuckey 1977) or ozonation (Wedemeyer and Nelson 1977,
Colberg and Lingg 1978) of incoming culture water, falowing of net pen Stes, and education of
pesonnd can dleviae ggnificant sources of potentid contamination and prevent disease.
Regular monitoring programs that detect A. salmonicida in the water supply and provide early
non-lethd detection on mucus can be coupled with topicd disinfection or antibiotic regimens
that either preclude or minimize infection (Cipriano 1997). Furthermore, only fertilized eggs or
stocks of fish that have been certified to be free of A. sailmonicida infection should be transferred
between facilities attempting to maintain a specific pathogen free status. In practice, conduct of
the stress induced furunculosis assay and regulatory confinement of infected smolts have reduced
the number of furunculoss outbresks associated with early marine culture (Smith 1991; Olivier
1992).

Eyed eggs from sources not certified to be specific pathogen free should be disinfected upon
ariva, and must be isolated from subsequent contact with other eggs or with contaminated
packing materid and containers. Povidone iodine has become the compound of choice for
disnfecting trout and salmon eggs (McFadden 1969), because it possesses grester bacteriociddl
activity than merthiolates (Gee and Sarles 1942) or acriflavine (Atkinson 1930, Blake 1930).
The compund is avalable commercidly as an iodophor (eg., - Betadine and Wescodyne) that
enerdly contains agpproximady 1.0% to 16% active iodine in inet organic solvents
?M cFadden 1969; Amend 1974). Although Ross and Smith (1972) extended the effective use of
povidone iodine againg a number of bacterid fish pathogens induding A. salmonicida, they aso
noted that disnfection was incomplete when 25 mg/L of iodophor was used for 15 to 120
minutes with certain drains of this pathogen. McCart (1977b? adso found that a 10-minute
trestment of atificidly infected green or eyed eggs with 50 or 100 mg/L of active iodine (as
Wescodyne) may not kill dl A. salmonicida cells, but that a 30-min exposure to 1,000 m(%L
acriflavine was completely efficacious.  Consequently, Piper et d. (1982) recommended that
sdmonid eggs should be dignfected in a solution containing 100 mg of active ioding/L for 10
minutes, but the bacteriocida activity of iodophor may ill be influenced by the concentration of
A. salmonicida present and the degree of organic contamination in the disnfectant solution
(Sako et al. 1988).

United States Fish and Wildlife Service regulations recommend that should be disnfected
3%’ submersion for 30 minutes in 50 mg iodingL immediatdly after fertilization. If eggs are then

ipped to another facility for incubation, policy requires that those eggs undergo a secondary
dignfection in 100 mg iodingL for 10 minutes (USFWS 1995). Didgnfection should be
conducted in 10 to 15°C pathogen-free water at a pH of 7.0 (6 to 8). Soft water in which the
normd acidity of iodophors can reduce effectiveness may be dkaized by adding 0.5 g sodium
bicarbonate per liter of water. The eggs should be rinsed immediady after trestment, unless
they are placed into a flowing-water incubator within afew minutes after disinfection.

SELECTION AND BREEDING

Sdective breeding programs have been developed in sdmonids to enhance experimentd and fied
resistance to trunculosis. Brook trout Galvelinus fontinalis) at the Hackettstown (NJ) state fish
hatchery were sdected on the bass of growth, coloration and the &bility to survive naturd
epizootics of furunculoss. Subsequent progeny were continudly evaduated for acquired resstance
to dissase and furunculoss mortdity was reduced from 98% to 30.8%, after four successve
generations of sdection (Embody and Hayford 1925). Resgant progeny grew faster than non
sdected fish, which corresponded with arise in the average number of eggs obtained per femde at
first and second spawns but this was dso accompanied by a gradud decrease in egg viahility to the
eyed-egg stage.  Although the brook trout had acquired resstance to furunculoss, selection did not
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enhance resgtance to Bacterid Gill Disease nor infestations by Gyrodactylus and Chilodonella
(Hayford and Embody 1930). Probably the most successful sdection sudy involves the
devdopment of furunculoss-resstant strains of trout by the New York State Department of
Environmenta Conservation (Rome, NY). Wolf (1953) collected 11 dtrains of brook trout and
seven drains of brown trout (Salmo trutta) from the New England area that were inbred for a
minimum of eight previous generations.  The fish were condtantly subjected to A. salmonicida via
bath, horizonta, and dietary chdlenges. Mortdity within grains ranged from 36% to 66% for
brook trout and from 5% to 99.7% for brown trout and Wolf concluded that enough variation
exised among the resistance of various lots to warrant further evauation through sdective breeding.

Ehlinger (1964) continued these studies and crossbred survivors between drains with intermediate
or low mortality. Potentia brood stock was further selected on the basis of size, coloration and egg
yied. Resstance was monitored within gtrains as a function of eiminatiing susceptible breeders
within a line and by experimentd chalenge on subsamples of the resultant progeny. During the
next ten years, one resistant strain of brook trout and one strain of brown trout were produced which
had practicd application to the culture of samonids throughout New York (Ehlinger 1977).
Acquired resstance to furunculosis of the Rome trout is widely accepted and these fish are currently
used throughout many hatchery programs in the New England and the Mid-Atlantic Regions
(Kincad e d. 1997) for ther survivd and peformance in recregtiond fisheries where
furunculogisis enzoatic (Hulbert 1985).

Detalled genetic studies have shown that henitability of mortdity among families of Atlantic
sdmon challenged by cohabitation with infected cohorts was high, i* = 0.32 +/- 0.10 and 0.48
+/- 0.17, for the sre and dam components, respectively (Gjedrem et a. 1991), suggesting that
resstance to furunculoss can be effectivdly improved by sdective breeding (Gjedrem and Gjoen
1995). These observations were consstent with those of Balley et d. (1993) who aso indicated
thet heritabilty (F = 0.32 +/-6) among Atlantic sdmon for resstance to furunculosis was
aufficient to warrant further sdection. Langefors et a. (2001) screened MHC class 1IB genotypes
edtablished exon 2 sequences encoding the magor pat of the peptide-binding region among
families of Atlantic sdmon that demondrated either high ressance (HR) or low ressance (LR)
to A. salmonicida. Three dldes were discerned from these dudies, which showed some
corrdation with resstance to furunculoss. One dlde, e was Sgnificantly more prevaent in HR
families than in LR families. Brood fish carrying the e dlde had a 12-fold greater chance of being
HR than cohorts without the e dlde. A second dlde i, had a sgnificantly higher frequency
among those fish tha ether remained uninfected or survived experimenta chalenges than it did
among dead individuds A third dlde j, was prevdent in LR families and among individuas
thet died from infection.

Variable degrees of resstance have adso been noted among non-salmonids in response to atypica
isolates of A. salmonicida infections. Dubois-Darnaudpeys and Tuffery (1979) have shown that
tench are more resgant to carp erythrodermatitis than the common carp, grass carp and slver
carp, whose degree of resstance is listed in descending order. Sovenyi et d. (1988) found that
three-month-old progeny of hybrid crosses between common carp from Hungary and Japanese
coloured carp had a body weight (43.6 +/- 22.4 g) and condition factor (8.85 +/- 1.05 g/cnT)
were ggnificantly higher than those of the common carp purebreds 3.5 +/- 12.3 g body weight;
8.53 +/- 0.62 g/cm® condition factor). Furthermore, the hybrids sustained only haf the mortdity
than that which was observed among the purebred carp after experimenta challenge with an
aypicd A. salmonicida. Houghton et d. (1991) showed that a Polish strain of carp, inbred for six
generdtions) was sgnificantly more susceptible to carp erythrodermditis than a Hungarian strain
that had been inbred for five generations. Wiegertjes et d. (1993) further demondrated that even
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within the same drain of fish, resstance to erythrodermatitis increases with age as indicated by a
shift from subacute (85% at 3 and 5 months) to chronic (40% at 10 months) mortality.

IMMUNIZATION

Vaccines of A. salmonicida emulsfied in ol adjuvats and delivered by intraperitoned injection
provide long-lagting protection and their use is promoted in commercid aquaculture (Lillehaug
et a. 1992; Ellis 1997). Both agueous and oil-adjuvanted vaccines are commercialy produced
and may induce immunity at water temperatures as low as 2C. Eggset et a. (1997) noted that
even though an antibody response for A. salmonicida was delayed or strongly suppressed by this
temperature, protection was gill satisfectory a 18 weeks after vaccination. After 18 weeks,
these workers further noted that protection was severely reduced among those fish reared at 10°C
and given the agueous vaccine, but a smilar reduction was not gpparent among those fish tha
were veccinated with  the oail-emulson veccine (Killie e d. 1997). Although commercid
furunculoss vaccines adminigered in mingd ol yidd dggnificantly higher protection  than
aqueous-based vaccines, the minerd oil adjuvant may produce a higher degree of abdomind
adhesons between the internd organs and the abdomind wal near the dte of injection
(Midtlyng 1993). If severe, these adhesons may decrease growth rate (Midtlyng 1994), the
sverity of which is incondgent between fams and may or may not be ggnificant when
compared with the find growth weight of non-vaccinated fish (Midtlyng and Lillehaug 1998).
It must be remembered, however, that vaccination is not an absolute barrier trestment that
guarantees further expresson of furunculoss within — or transmisson of furunculoss from
covertly infected vaccinated carriers (Hiney 1999).

The srologic relatedness that exists among strains of A. salmonicida (Popoff 1969; Paterson et
a. 1980) suggedts that immunization of fishes againg atypicd forms of this pathogen is dso a
redidic posshbility. However, Atlantic sdmon veccinated with a commercid vaccine agang A.
salmonicida subsp salmonicida or with this vaccine and another prepared againgt an autogenous
dran of A. salmonicida subsp. achromogenes were equally protected against A. salmonicida
subsp salmonicida by cohabitation chalenge. However, sdmon vaccinated only with Aeromonas
samonicida subsp. achromogenes were not  protected agang classcd  furunculoss
(Gudmondsdottir and Gudmondsdottir 1997). Furthermore, Evenberg et al. (1988) showed only
moderate to dight protection agang an aypicd vaiant of A. salmonicida causng cap
erythrodermatitis, when cap were immunized with ether cdl envelope preparations, purified
LPS, purified A-layer protein, and even formdinized whole cdl bacterins. When detoxified ECP
was used as the immunogen, carp were protected againgt a subsequent letha chalenge.

TREATMENT

Furunculoss of sdmonids was the fird disease of fishes to be trested with modern drugs
including both sulfonamides and nitrofurans (Gutsdl 1948). Although other drugs effectively
control this disease (Herman 1970), the U.S. Food and Drug Administration enforces stringent
requirements for drugs used on food animas in the United States, and only sulfamerazine (no
Ion e registered), eracycline, and the potentiated sulfonamide Ro5-0037 or ROMET®

ullock et 4. 1974 may be used. Although most sulfonamides are no longer used,
sulfamerazine American Cyanamid, Co.) has been gpproved to treat furunculosis in rainbow
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trout, brook trout, and brown trout at a dose of 200 mg of drug per kilogram of fish per day (10 g
per 45.3 kg of fish weight) for 14 days. Treatment must terminate at least 3 weeks before fish are
to be marketed or stocked. Sulfisoxazole (Gantrisn) was preferred for treating brown trout
whose growth may be inhibited by sulfamerazine (Snieszko and Wood 1955). Oxytetracycline
(Terramycin®, Pfizer, Inc) is deared for use among al species of sdmonids, at the rate of 50 to
80 mg of drug per kilogram of fish per day (2.5 to 3.75 g per 45.3 kg of fish) for 10 days. Again,
trestment must terminate a least 3 weeks before fish are rdeased. ROMET® (Hoffman
LaRoche, Inc), which consss of five 0Parts sulfadimethoxine and one pat ormetoprim,
controlled furunculoss when fed at the rate of 50 mg per kilogram of fish per day (2.5 g per 45.3
kg) for 14 days (Bullock et al. 1974) and has been cleared for use at the same dosage when
administered for five days with a 42 day withdrawa period.
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