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Survey of Salmonid Pathogens in Ocean-Caught Fishes in
British Columbia, Canada

M. L. KenT,* G. S. TRAXLER, D, KIESER, I. RiCHARD, S. C. DAWE,
R. W. SHAW, G. PROSPERI-PORTA, J. KETCHESON, AND T. P. T. EVELYN

Departiment of Fisheries and Oceans, Pacific Biological Station
Nanaimo, British Columbia, VOR 5K6, Canadu

Abstract.—A survey of wild fishes captured around marine net-pen salmon farms and from open
waters for certain salmonid pathogens was conducted in the coastal waters of British Columbia,
Viral hemorrhagic septicemia virus was delected in Pacific herring Clupea pallasi, shiner perch
Cymatogaster aggregata, and threespine sticklebacks Gasterostens aculeanes, Infectious hemato-
poietic necrosis (IHN) virus was detected in one Pacific herring {collected well away from the
farms) and in tube-snouts Aulorhynchus flavidus and shiner perch collected from a farm experiencing
an [HN outbreak. Renibacterium salimoninarum was observed in moribund Pacific hakes Merluccius
productus collected from within a net-pen and was also detected in several ocean-caught salmon.
Aeromonas salmonicida subsp. sabmonicida (typical strain) was isolated from a juvenile chinook
salmon Oncorfiynchus 1shawytscha, whereas the atypical strain of this organism was isolated from
a lingcod Ophiodon elongatus. Loma salmonae (Microsporea) was observed in chinook salnon,
chum salmon Oncorfivichus keta, coho sabmon Q. kisutch, sockeye salmon O. nerka, and pink
salmon O. gorbuscha, all of whicb were captured well away from net-pens. Loma spp. (Microsporea)
were observed in the gills of shiner perch. lingcod, Pacific tomcod Microgadus proximus, Pacific
cod Gadus macrocephalus, walleye pollock Theragra chaivegramma, and sablefish Anoplopoma
fimbria; all but the first species represent new hosts for Loma. Epitheliocystis, caused by a chla-
mydia-like organism, was detected in the gills of chinook salmon, chum salmon, coho salmon,
pink salmon, lingcod, Pacific cod, Pacific hakes, Pacific tomcod. walleye poHock, sablefish, shiner
perch, Dover soles Microstomus pacificus, Pacific sanddabs Citharichthys sordidus. and various

species of rockfish Sebastes spp., most of which represent new host records lor this infection,

Both net-pen salmon farming and commercial
salmon fisheries are important industries in British
Columbia, Canada, with landed values of about
Can$172 and $276 miltion, respectively, for 1996.
Atlantic saimon Salme salar is the principal spe-
cies reared in net-pen farms (at 70%), and the re-
maining production (30%) is mostly chinook salm-
on Oncorliynchus tshawytscha. As with other forms
of aguaculture, discases caused by indigenous
pathogens have had a significant economic impact
on net-pen farming. The sources (e.g., Teservoir
hosts} of some of these pathogens are often un-
certain, making their avoidance difficult. This is
particularly the case with salmon net-pen farming,
in which there is unrestricted movement of water
through the pens. The Department of Fisheries and
Oceans, therefore, initiated a survey of wild ma-
rine fishes captured both near sailmon net-pens and
wel]l away from the farms to provide data on the
prevalence and host ranges of certain pathogens
of concern in net-pen farming. Fish were examined
for the prescnce of six infectious agents: infectious
hematopoietic necrosis {IHN) virus, viral hemor-

* Comresponding author: kent@dto-mpo.gc.ca

rhagic septicemia (VHS) virus, Renibacterium sal-
moninarum, Aeromonas salmonicida, Loma spp.
{Microsporea), and the epitheliocystis organism.

Methods

Samples were divided into two major categories:
fishes collected in open water—weli away (>1 km)
from marine salmon net-pen farms (henceforth re-
ferred to as “‘farms”)}—and wild fishes collected
from within or around farms (within 0.5 km from
the farms), For the former, fishes were collected
mostly during cruises of our research vesscl, the
W. E. Ricker, and were collected by bottom trawl.
At net-pen farms, fish were collected by hook and
line or by hand nets directly from the pens.

Virological assays for IHN and VHS viruses
were condicted on combined kidney and spleen
tissucs in a ratio of approximately 2:1 (weight per
weight). Tissues removed from fishes sampled near
farm sites were held at 4°C and assayed within 24
h of collection. The tissues from fishes collected
during offshore cruises were frozen immediately
and stored at —80°C until assayed. All fish were
assayed individually by diluting the tissue 1:10
{weight per volume, w:v) with Earle’s balanced
salt solution prior to homogenizing with a Polytron
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generator (Brinkmann iInstruments Co., Rexdale,
Oantario, Canada). The homogenized tissues were
centrifuged for 10 min at 2,000 x gravity and the
Supernatant and a 10-fold dilution were inoculated
onto preformed monolayers of epithelioma papu-
losum cyprini (EPC) and ehinook salmaon embryo
(CHSE-214) cell lines. Cell cultures were incu-
bated at 15°C and examined for-cytopathic effects
for 14 d, Viral isolates were identified by standard
nentralization tests or by DNA probes (Batis et al.
1993).

The prevalence of Renibacterium salmoninarym
was determined by testing frozen Kidney tissue
with double sandwich polycional antibodics in an
eazyme-linked iminunosorbent assay (ELISA) as
described by Pascho et al. (1991). Kidney samples
were difuted (w:v) 1:8 for sockeye salmon On-
corhynchus nerka and chum salmon 0. keta, and
1:4 for Pacific herring Clupea paltasi and the other
fish species. For large groups (samples of 60 fish
orgreater} of individual species (i.e., adult sockeye
salmon or chum salmon), a sample was considered
positive if its corrected mean optical density (OD)
was 2 SDs greater than the population mean ps
described. by Meyers et al. (1993). For other
groups, a sample was considered positive if its
uncorrected OD mean value was two SDs greater
than the mean of designated negative controls
(salmon kidney). Direct fluorescent antibody tests
{(DFATS) for the organism were conducted on kid-
ney imprints from selected fish as described by
Bullock et al. (1980).

Kidneys and gills were examined for the pres-
ence of Aeromonas salmonicida by culture on tryp-
tic soy agar supplemented with Coomassie brilliant
blue (100 mg/L) and 5% fetal bovine serum (Cip-
riano and Bertolini 1988). Culture plates were held
at 15°C for 7 d. Gill tissue was homogenized with
a Potter-Elvejhem tissue homogenizer (VWR
Canlab, Mississauga, Ontario, Canada) at a cop-
centration of |:1¢ (w:v) in sterile saline and then
Streaked on plates, whereas kidney inocula were
obtained directly with sterile swabs. “‘Atypical®
A salmonicida was differentiated from Hiypical”
A salmonieida in that the former produced indole,
metabolized sucrose, and produced brown pigment
feebly,

The preseace of Lomg $pp. or the epitheliocystis
organism was determined by histological exami.
nation of gills. Gills were preserved in Davidson's
fixative and processed by using standard methods.
Other selected tissues were examined by histology
if fisb were moribund or exhibited gross patho-
logical changes,

KENT ET AL,

Results

In all, 2,227 6shes, representing 77 species,
were examined from open water collections, and
742 fishes, representing 30 species, were collected
around farms, Pathogens or diseases found in these
fishes are listed in Tabje |,

The VHS virus was detected in clinically normal
shiner perch and threespine sticklebacks collected
near net-peas. Paejfie herring from a wide geo-
graphic range of British Columbia were also found
to be positive for VHS {confirmed by DNA
probes). We detected IHN virus in a Pacific herring
collected from Departure Bay, Vancouver Island,
in an area not associated with salmon farms. The
virus was also detected in tube-snouts and shiner
perch collected from an Atlantic salmon farm ex-
periencing an IHN outbreak. The identification of
IHN virus in these marine fishes was confirmed by
both neutralization tests and with the DNA probe.
The virus was not detected in these species col-
lected from the same nei-pen site 6 weeks after ajl
Atlantic salmon were removed from the site. Adult
sockeye salmon were aiso found to be infected
with THN virus, as Previounsly reported by Traxler
et al. (1997,

Renibacteriym salmoninarum was detected by
the ELISA method in two of three moribung Pa-
cific hakes collccted from 3 net-pen at a chinook
salmon farm, and the presence of this bacterium
was confirmed by DFAT in one of these fish, (Five
hakes in a second group tested were negative.)
However, histological examination of these fish
showed no tesions consistent with bacterial kidney
discase (BKD). The gills showed heavy infections
with einbryonated eggs of blood Aukes (probably
Aporocotyle margolisi). Many chinook salmon,
chum salmon, coho salmon, sockeye salmon, and
Atlantic salmoa collected from areas away from
farms were also positive for R. salmoninagrum by
ELISA. For the 402 sockeye salmon, 390 fish WEere
examined as two large groups, of which 19 fish
were positive. For the 339 chum salmon, 300 fish
were examined in one of the groups, 10 of which
were posilive,

Aeromonas  salmonicida subsp.  salmonicidg
{typical strain) was cultured from one wild-caught
juvenile chinook salmon collected near an Atlantic
salmon net-pen farm. Atypical A. salmonicida
subsp. salmonicida was isolated from the kidney
of one lingcod collected well away from farms.

Xenomas of Lama 5pp. were detected in several
marine fishes, including walleye pollock, Pacific
cod, lingcod, Pacific tomcod, sablefish. and shiner
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perch. The Pacific cod and walleye pollock (Figure
1} were often heavily infected, exhibiting numer-
ous, macroscopically visible xenomas in the gills
and associated chronic inflammation in the pri-
mary lamellae. One coho salmon {(weight, about 2

kg) collected during one of the W. E. Ricker cruises ‘

was severely infected with Loma safmonae. This
fish exhibited renal and splenic swelling and
chronic inflanymation of the gills associated with
numerocus xenoinas.

Epitheliocystis was observed in several fishes,
including salmonids (Table 1}. Most inlections
were light and not associated with significant his-
tologieal changes. However, one sablefish had a
heavy infection in which most of the secondary
lamellae were infected {Figure 2).

Discussion

Recently, IHN has caused high mortalities in
Atlantic salmon reared in marine net-pens in Brit-
ish Columbia, and field observations suggested
that the fish contracted the infections after transfer
to seawater (Armstrong et al, 1993; Traxler et at.
1993). The occurrence of IHN virus in marine fish-
es, particularly in Pacific herring captured well
away from farms, supports the hypothesis that non-
salmonid marine fishes may be reservoirs for this
virus. Other nonsalmonid fishes have been shown
to be susceptible o infection by experimental ex-
posure (Castric and Jeffroy 1991, LaPatra et al.
1995), but our observations of the virus in marine
fishes from British Columbia are the first for nat-
urally infected nonsalinonid fishes. The unusual
finding of THN virus in adult sockeye salmon in
seawater also suggests the possibility of a seawater

reservoir (Traxler et al. 1997). Although these ﬁsh_

were collected in seawater, they were beginning
to undergo sexual maturation and soon would have
migrated to freshwater to spawn, The IHN virus
is commonly found in adult salmon that have re-
turned to freshwater to spawn. However, our ob-
scrvations demonstrate that adult sockeye salmon
can express this viral infection while still in sea-
water, The IHN virus was present in kidney tissues
of these fish at levels high enough to indicate that
replication was occurring,

Renibacterium salmoninarum is considered to be
restricted to salinonid fishes under natural condi-
tions, but nonsalmonid fishes (inciuding Pacific
herring, shiner perch, and sablefish) have been ex-
pcrimenial]y infected (see review by Evelyn
1993), Paclibare et al. (1988) found no R. sal-
moninarm infections in 262 nonsalmonid marine
fishes collceted around net-pen farms experiencing

BKD, and the bacterium was not found in marine
fishes collected outside net-pens in our study.
However, the occurrence of R. salmouinarum in
Pacific hakes collected from within a net-pen sug-
gests that this bacterium may occasionally infect
certain nonsalmonid fishes when they are confined
with R. salmoninarwm-infecled salmon. In this
connection, Sakai and Kobayashi {1992) also re-
ported that Japanese sculpin Cortus japoricus, Bat-
head Platycephalus indicus, and scaliops Platino-
pectin yessoensis sampled from a coho salmon
farm affected with BKD were found to be positive
by serological methods for R. salmoninarmm an-
tigen. These positive specimens were clinically
normal and the hacterium could not be cultured
from them. It is, therefore, uncertain whether the
bacterium persists in a viable state in these organ-
isms or whether it is rapidly killed, as apparently
occurs in other nensalmonids. For example, ex-
perimentally infected common carp Cyprinus car-
pio {see Sakai et al. 1989) and shiner perch (T. P,
T. Evelyn, unpublished data) appeared to frec
themselves of the injected bacteria.

Results from the survey also demonsirated that
Renibacterium salmoninarum infections are prev-
aient in Pacific salmon during their ocean phase.
A similar finding was reported for salmon col-
lected off the Oregon and Washington coasts in
which ocean-caught salmon were examined for R.
salmoninarum by using a Auorescent antibody test
on kidney smears {Banner el al. 1986). The ELISA
for R. salmoninarum used in our study detects a
soluble antigen of the baclerium, and Pascho et al.
{1997) demonstrated that the antigen is capable of
persisting in uninfected fish for up to 3 months.
Therefore, the resulis from our study may be an
overestimate of the prevalence of active infection
by the bacterium.

Transmission of another pathogenic bacterium
of salmon, Aeromonas salmonicida, has occurred
in wrasses (family Labridae) maintained together
in net-pens with A. salmonicida-infected Atlantic
salmon (Treasurer and Laidler 1994: Hjeltnes et
al. 1995). However, it should be noted that neither
A. salmonicida nor R. salmoninarum were isolated
from nousaimonids coltected from around net-pen
farms. Because A. selmonicida occurs in wild (ei-
ther hatchery-rearcd or truly wild) salmonids in
British Columbia (Hoskins and Hulstein 1977), it
is impossible to implicale net-pen farms as the
source of the infection in the one wild chinook
salmon that was infected with the bacterium. In-
terestingly, although the infection is not uncom-
mon in juvenile salmonids, it has never been de-
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TapLE F.—Prevalence tnumber of fish positive for pathogen/number of fish tested) of selected salmonid pathogens
in wild-caught fishes from coastal waters of British Cotumbia near net-pens (N} or offshore (O3, Prevalences greater

than zero are in bold.

VHS* virus

THNP virus

Aeronionas salmonicida

Host
teommnon name and faxon) N O N O N 0

Chincok salmon Oneorfivaehns tshawyischa 0/96 0/96 177

Chum salmon O. ke 07347 01347 07300
Coho sabmon O. kisuich 0/84 0/84

Sotkeye salmon O\ nerky 0436 7/436° 03338
Pink salnwon O, gorbuscho 27 0427 010
Attantic salmon Salme salar 0/53 0/53 241
Pacific heming Clipea pakiasi 28/128 22/161 0/127 141624« 2426 0/49
Northern anchovy Engranlis mordux 96
American shad Alosa sapidissima 0/3 073 02
Pile peech Rhacochilus vacea 02 02

Shiner perch Cymatogaster aggregata 10/307 O/t 143074 /11 0/110 873
Tube-snout Awlorhivachus flavidus w72 2724 /21

Bay pipelish Syngnatfues leptorhynehus o/l Ort o1

Threespine stickleback Gasterostens acnleants 6/42 0/ 0142 04 0/
Pacilic cod Gadies macrocephatis 0434 /34 0728
Pacific hake Merfuccins productis 03 0/31 03 0Md1 024 0733
Pacific tameod Micragadus proxinnes o1 0110 on /10

Walleye pollock Theragra chalcogrammea 0723 023 0/
Whitespotted greenling Hexagrammios stefleri N/ /7 0/1 7 01

Lingecod Ophinden elongatis n/7 /24 7 0/24 012 16
Sablefish Anoplopoma finbria 0/3 A5 013 0715 (2] o3
Rackfish species Sebastes spp. /34 0134 025

Bhack rockfish Sebastes melanaps 013 03 072

Bocaccio S, paucispinis 0/} 0/1

Canary rockfish S, piiniger 0/14 0714 0/6
Copper rockfish S. caurinus o714 0/ 6
Darkblotched rockiish 8. cromeri

Greenstriped rocklish 8. efongatus

Pacific ocean perch S alutus 0/6 0/6 0/6
Quittback rockfish S. niliger 0/13 071 (K] o/t 0/8

Redbanded rockfish 8. babeocki 09 09 09
Redstripe rockfish S. proriger 0737 0437 0/l
Rosethorn rockfish 8. helvimaculatus 0/2 072 M2
Rougheye rockfish §. alewutiones o7 o7 7
Sharpchin rocklish 8. zacentrus [FANH] 0/10

Silvergray rocktish 5. brevispinis o/ 0711 011
Yelloweye rockfish 8. ruberrimns 0/3 073 o
- Yellowmouth rockfish 3. reedi 0/16 /16 07
Yeltowtail rockfish §. flavidus 0/32 02 0/3 028
Spiny dogfish Squealus acanthias 072 010 072 0/10 0/4 0410
Spotted ralfish Hydrolagus collici 01 /6 0/ 0/6 0/ o
Skate species Rajidae 072 072 012
Sculpin spectes Cottidae 077 0/4 0/7 /4 042

Thareadfin sculpin Ieelinus flamentosies 013 073 o/
Spinyhead sculpin Dasyeotius setiger o7t 071

Soft sculpin Psychrolwes sigalites 0/4 (VL)

Roughspine sculpin Triglops macetus

Brown krish lerd Hemilepidutus spinasis

Righteye Aounder species Pleurunectidae 0/4 0/4 043 /19
Arrowlooth Rounder Atkeresthes stmias 09 N9 2
English sole Plewroitectes vetulus

Dover sote Wicrostones pacificus

Flathead sole Mippoglossaides elassadon ()] 0/t

Pacific halibut Hippogiossus stennlepis 0O/23 0123 0/9
Petrate sole Eopserra jordani s 0/5 0/3
Rex sole Errex zachirus 0/10 0/10 0/10
Ruock sole Plewronectes bilineatis e 0/2 046 072 041 o2
Slender sote Faopsetta exilis 0/6 0/6

Starry Oounder Platichddivs stefinnis 0s2 0fi [ 0/1 [tig}

Pacific sanddab Citharichithys sordidis 03 3 o3 o8 10
Eulachon Thaleichihys pacificus O oH

California smoothtongue Lewroglossus stilbins L 71

s a‘w'gm @,@m- é...-n- g. Jrr— a . &" U a...m.- .a Jp— 5.,..1..9....,.
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Tapie F—Extended.
Host Renibacterium salmoninarum Loma spp. Epitheliocystis

{eominon name} N O M O N 8]
Chinvok saimon 45/77 2/82 12/82
Chuns salinon 25139 1/32 29/32
Coho salmon 0/t 31774 1/48 11/48
Sockeye salmon 25/402 1/15 0115
Pink salmon 12 5/12 112
Atlantic salmon 17196
Pacitic herring 3119 0438 8/38
Northern anchovy
American shad 013 03
Pile perch 013 0/2
Shines perch 01 127800 132 13/32
Tube-sneut
Bay pipefish 041
Threespine stickleback 042 012 /12
Pacific cod 0/ 1298 1/98
Pacific hake 48 o3 /30 J2s
Pacifi¢ toincod 0/1 340 1/40
Walleye poliock 8/20 1/20
Whitespotted greenling 0/2 0/t
Longeod o7 19/111 16111
Sablefish 05 03 233 4/33
Rockfish species 012 G/34
Black rocklish 013
Bocaccio 0/1 01
Canary rockfish 0/12 812
Copper rockfish 0/14
Darkblotehed rockRsh 0/{0 3110
Greenstriped rockfish 0/6 36
Pacific acean perch 077 47
Quillhack rockfish o/1 0/113
Redbanded rockiish 0/10 4/10
Redstripe rockfish 0731 17
Rosethort rockfish (175 072 02
Rougheye rocklish 043 8/13
Shampchin rocklish (] s
Silvergray rovktish 0/11 31
Yelloweye rockfish 0/ed 14
Yetlowmouth rockfish 0/2 172
YeHowtail rocktish 0722 "2
Spiny dogfish 0/3 02 0410 010
Spolted ratfish 073 0/1 0/6 /16
Skate species 012 0/12
Sculpin species 0/ 7
Threadtin sculpin 0f6 0/6
3pinyhead sculpin 0/2 042
Soft sculpin 1] 0/5
Roughspine seulpin 02 072
Brown [rish lord 0/t 0/1
Righteye flounder species [VA} 0/4
Arrowtooth flounder 0/15 4/15
English sole 0/6 077
Dowver sole 0/ 1/4
Fluthead sole 0/ 244
Pacifie halibut 0/ 0/11
Petrule sole 0/10 0410
Rex snle [174] 0/11
Ruek sole 0/ -0/ PIA
Stender sole 077 017
Starry Aounder i 02
Pacitic sanddab 03 172
Lulachon 0/5 05
California smoothtongue 0125 0N o]
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TasLe |.—Continued. TabLE |—t
VHS virus THNP virus Aerennohas salmonicida .
Host Host
feomman nanw and lason} N 1) N 0 N O teommon i
Chub muckeral Seomber japonicns 25 0/25 € Hub mackeral
Wastled eelpout Lycodes paleasis 3 w3 watiled eelpowt
Shorlin eclpout L. brevipes il 73 : 01 sherifin ellpout
Biglin celpout L. corresianns o3 [HR] thahn eelpout
Prickleback species Stichueidae. 1 0A Prickteback spec
Lonpsnout prickkehuck Lumpenella fongirostris Longsnout prickt
Smake pricklebuck Lisnpenss sayitta w2 072 Snake prickiebae
Pacific sand fance Amnodvies hexapterus 0/ 0 0/t o710 06 Pacitic sand lanc
Suddleback gunnel Pholiv mnata [+ /i o1 Saddleback gunn
Dwarf wrymonth Crypracanifiodes alentensis rwark wrymouih
Gionl wrymouth C, gigantens . /1 /1 Giant wrymouth
Bigeye poacher Barhivagonus pentacanthus Bigeye poacher
Blacktip poacher Xeneretmus harifrons Blackiip poacher
Pygmy poacher Odentopyxis trispinesa O/} o/1 Puaymy poacher
Warty poacher Qceclla verrucosy w1 (131 Warty poucher
Northern renguil Resrguifies jordant Northern ronquil
Searcher Bashymaster signens Searcher
Piainfin midshipman Porichehys norains 1)1 o1 Plainfin midshipr
Northeen famplish Stencbruching letcopsarus /8 V4] Northern Jamplis

* Viral hemorchagic septicemia,

b Infectious hematopoietic necrosis.,

v Data from Traxler el al, §1997),

U Positives confirmed with DNA probe.

© Positives confiemed with neutralizing antibedy test,
{ Dats from Shaw el al. (1997},

tected in adult salmon captured in seawater. Cur
results, and those of Nomura et al. (1993), strongly
suggest that adult Pacific salmon are free of A.
salmonicida while in the ocean and that they be-
come infected with the bacterium only after their
return o freshwater to spawn.

Loma salmonae has caused disease in pen-reared
chinook salmon and coho salmon in the Pacific
Northwest (Kent et al. 1989; Speare et al. 1989).
At somc net-pen farms it appeared that the satmon
contracted the infection in seawater, and thus ma-
rine fishes in our study were screened for Loma

T A 8 g

\ Fi 25y ¢
v il . ﬁ{" L® ,"K’i.(!ﬂ' .

E

Fisuee [.—Xenomas of o Loma sp. (arrowheads) in the gill of walleye poltock Theragra chalcogranine. Bar =

50 pm.

spp. in an at
for the infec
from many 1
the family G:
observations
ports of Lon
pollock, sabl
species from
by Shaw et i
Daocker et al
merase chain
that used pris

1

Yt ok

R e A s 2 T T S gl et




i L e S
IR

T e AT SR TR R

SALMONID PATHOGENS IN WILD OCEAN FISHES 217

TaBLE |.—Extended. continued.
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d disease in pen-reared
salmon in the Pacific
3; Speare et al. 1989).
peared that the salmon
jeawater, and thus ma-
ire screened for Loma

 chalcogramma. Bar =

spp. in an attempt to identify potential reservoirs
for the infection. Loma spp. have been reported
from many marine fishes, including members of
the family Gadidac (Caoning and Lom 1986). Our
observations in the present study are the first re-
ports of Loma spp. in Pacific cod, lingcod, walleye
pollock, sablefish, or Pacific tomcod. The Lona
species from shiner perch was recently described
by Shaw et al. (1997) and named L. embiotocia.
Docker et al. (1997) developed a sensitive poly-
merase chain reaction (PCR) test for L. salmonae
that used primers to amplify the ribosomal DNA.
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By using these primers and sequence comparisons,
Shaw et al. (1997} established that L. embiotocia
of shiner perch (which is morphologically very
similar to L. salmonae) is a different species. Fur-
thermare, attempts at transmitting L. salmonae to
shiner perch have been unsuccessful (Kent et al.
1995). As with L. embiotocia, the Loma spores
found in other marine fishes were morphologically
indistinguishable from those of L. salmonae.
Therefore, the ribosomal DNA of these Loma iso-
lates, as well as that from L. morhua from Atlantic
cod Gadus morhua and L. branchialis from had-

FiGure 2.—Epitheliocystis in the gills of a sablefish Anoplopoma finbria. Bar = 50 pnt.
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dack Melanogrammus aeglefinus will be analyzed
(A. Brown and M. Adamson, Department of Zo-
ology, University of British Columbia, personal
communication} in an attempt to clarify their re-
lationships to each other and to L. salmonae,

Epitheliocystis, caused by a chlamydia-like
agent, is a common disease of salmonid fishes as
well as many other fishes (Wolf 1988; Lewis et al.
1992; Fryer and Lannan 1994). Thorcugh taxon-
omy studies have not been conducted on the agent
of this lesion, and it is possible that the infection
is caused by an assembiage of related microor-
ganisms rather than by one species (Turnbull
[993). The present report adds several new hosts
for this agent. Although epitheliocystis was com-
mon in our survey, the associated pathologic
changes were usually minor If epitheliocystis is
caused by one agent, then these marine fishes may
serve as reservoir hosts for the infection in pen-
reared salmon. The infection has been observed in
pen-reared salmon in Norway (Bruno and Poppe
1996), but it has not been reported from pen-reared
salmonids in the Pacific Northwest,

The data reported here represent the results 1o
date of a continuing survey of wild marine fishes
in British Columbia. This study further substan-
tiates recent observations by others (Meyers et al.
1992, 1994; Meier et al. 1994) that some pathogens
thought to be restricted to salmonids have a broad-
er host range, and it expands the list of pathogens
important to salmon farming for which wild ma-
rine fishes may act as reservoirs. It should be noted
that this study represents a survey for infection,
not presence of disease, and that almost all of the
fish in the study were clinically normal. Although
it is well documented that wild fishes may act as
reservoirs for certain pathogens afflicting net-pen
farms, it should be clearly noted that the data pre-
sented here do not indicate transfer of pathogens
from net-pens to wild fish populations (or vice
versa). In addition to continuing our survey, we
are conducting laboratory transmission studies
with these pathogens from marine fishes to deter-
mine their ability to infect and cause disease in
salmon.

Acknowledgments

We thank the fish farmers of British Columbia
and the crew of the research vessel W. £ Ricker
for their assistance with this study. This survey
was funded in part by a grant through the De-
pattment of Fisheries Reallocation/High Priority

program.

KENT ET AL.

References

Armstrong, R., I, Robinsen, C. Rymes, and T. Needham.
1993, Infectious hematopoietic necrosis in Atlantic
salmon in British Columbia. Canadian Veterinary
Journal 34:312-313,

Banner, C. R., J. J. Long, J. L. Fryer, and J. 5. Robovec,
1986. Occurrence of salmonid fish infected with
Renibacterivon salmoninarum in the Pacific Ocean.
Journal of Fish Diseases 9:273-275.

Batts, W. N.. C. K. Arakawa, . Bernard, and I. R. Win-
ton. 1993. isolates of viral hemorrhagic septicemia
virus from Nerth America and Europe can be de-
tected and distinguished by DNA probes. Diseases
of Aquatic Organisms 17:67-71.

Bruno, D. W,, and T. T. Poppe, 1996. A colour atlas of
salmonid discases. Academic Press, London,

Buliock, G. L., B. R. Griffin, and H. M. Stuckey. 1980.
Detection of Corynebacterium salmoninus by direct
Nuorescent antibody test. Canadian Journal of Fish-
eries and Aquatic Sciences 37:719-721.

Canning, E. U, and ). Lom. 1986, The microsporidia
of vertcbrates. Academic Press, San Diego, Cali-
fornia.

Castric, J., and I. Jeffroy, 1991, Experimentally induced
diseases in marine fish with IHNV and a rhabdo-
virus of eel. Pages 54-55 in N. De Pauw and I.
Joyce, compilers, Aquaculture and the environment.
European Aquacoltore Society, Special Publication
t4, Bredene, Belgium,

Cipriano, R. C,, and J. Bertolini. 1988. Selection for
virulence in the fish pathogen Aeronmonas salmen-
fcida using Coomassie brilliant blue agar. Journal
of Wildlife Discases 24:672-678,

Docker, M. F, R. H, Devlin, J. Richard, J. Khattra, and
M. L. Kent. 1997. Sensitive and specific polymer-
ase chain reaction assay for detection of Loma sal-
monae {Microsporea). Diseases of Aquatic Organ-
isms 29:41-48.

Evelyn, T. P. T. 1993, Bacterial kidney disease, BKD.
Pages 177-195 in V. Inglis, R. J. Roberts. and N.
R. Bromage, editors. Bacterial diseases of fish.
Blackwell Scientific Publications, London.

Fryer, J. L., and C. N. Lannan. 1994. Ricketisial and
chlamydial infections of freshwater and marine fish-
es, bivalves, and crustaceans. Zoological Studies
313:95-107.

Hjeltnes, B.. O. Bergh, H. Wergeland, and J. C, Holm.
1995. Susceptibility of Atlantic eod Gadus nrorhua,
halibut Rippoglossus hippoglossus and wrasse (La-
bridac) o Aeromenas sulmonicida subsp. salmoni-
cide and the possibitity of iransmission of furun-
culosis from farmed salmon Safmio salar to marine
fish. Diseases of Aquatic Organisms 23:25-31.

Hoskins, Q. E., and L. P. Hulstein. 1977. Annual report
of the diagnostic service of the Fisheries and Marine
Service, Pacific region for 1975. Canada, Fisheries
and Marine Service Technical Report 707,

Kent, M. L., S. C. Dawe, and D. J. Speare. 995, Trans-
mission of Loma salnenae (Microsporea) to chi-
nook salmon in sea water. Canadian Veterinary
Journal 36:98-101.

oo e

* b

o ity

Kent, M. L., D. G. Elliots
1939, Loma salmor
fections in seawate
rivvnchus kisutch). A

{aPatra. S, E., and five o«
as a potential vector
crosis virus, Journa
225-230,

tewis. E. L, S. M. Mcl
T. K. Sawyer. 1992,
species of marine s
267--271.

Mejer, W, M. Schmitt, a
orchagic septicemtia
nual Review of Fish

Meyers, T R., and five o
ol a negative-positiv
ue for the enzyme
{ELISA) to detect sc
safmoninarunt in Al
ol Aquatic Organisn

Meyers, T. R., and six ¢
of viral hemorrhagic
Pacific cod Gadus m
Sound, Alaska, IS¢
isins 12:167-175,

Muoyers, T, R., and six cc

- viral hemorrhagic st
hemorrhages of the
harengus pallasi fro
Kaodiak Island, Alas
Organisms 19:27-37

Nomura, T.,, M. Yoshimi
epidemiological stue
propagation in Japar
{7:137-146,

Pachibare, J, O., L. J. Al
Investigations on the
case bacterium Renik
saimonids on select
Bulletin of the Aqua
3810112

Pascho, R. 1., D. G, Eli
Rrood stock segrega
Oncorhynchus 1shaw
linked immunosorbe
orescent antibody teg




ces

»Rymes. and T. Needham.
'oietic necrosis in Atlantic
bia. Canadian Veterinary

Fryer, and 1. 8. Rohovec.

monid fish infected with

rumt in the Pacific Ocean.

9:273-275.

I. Bernard, and J. R. Win-

3l hemorrhagic septicemia

a and Europe can be de-

oy DNA probes. Diseases

6771,

. 1996. A colour atlas of

mic Press, London.

and H. M. Stuckey. 198Q.

rim salmoninus by direct

Canadian Journal of Fish-

x5 37:719--721.

1986. The microsporidia
Press, San Diego. Cali-

. Experimentally induced
sith THNV and a rhabdo-
35 in N. De Pauw and J.
lture and the environment,
ciety, Special Publication

lini. 1988. Selection for
ogen Aeromonas salnon-
qilliant blue agar. Journal
72-678,

. Richard, J. Khattra, and
ive and specilic polymer-
‘or detection of Loma sal-
seases of Aguatic Organ-

ial kidney disease, BKD.
lis, R. ). Roberts, and N.
scterial diseases of fish.
ications, London.

n. 1994, Rickettsial and
-eshwater and marine fish-
eans, Zoological Studics

rrgeland, and J. C. Holn.
lantic cod Gadus morhe.
'oglossus and wrasse (La
monicida subsp. safmon-
»f transmission of furun
on Salmo salar to marine
Organisms 23:25-31,
ein. 1977. Annual repost
f the Fisheries and Mariee
* 1975, Capada, Fisheri.~
ical Report 707,

. ). Speare. 1995, Tran -
te (Microsporea) 1o chi-
er. Canadian Veterinarv

SALMONID PATHOGENS IN WILD OCEAN FISHES 219

Kent, M. L.. D. G. EHliott, J. M. GrolT, and R, P, Hedrick.
1989. Loma sulmonge (Protozoa: Microspora) in-
fections in seawater reared coho salmon (Onco-
rhynchus kisutch), Aquacullure 80:211-222.

LaPatra, 5. E., and five coauthors. 1995, White sturgeon
as a potential vector of infectious hematopoictic ne-
crosis virus. Journal ol Aquatic Animal Health 7:
225-230.

Lewis, E. )., 5. M. McLaughlin, J. E. Bodammer, and
T. K. Sawyer. 1992, Epitheliocystis in ten new host
species of marine fish. Journat of Fish Diseases 15:
267-271.

Meier, W., M. Schmitt, and T. Wahli. 1994, Viral hem-
orrhagic septicemia (VHS) of nonsahmonids. An-
nual Review of Fish Diseases 4:3590-373,

Meyers, T, R., and five coauthors. 1993, Establishment
of a negative—positive threshold optical density vai-
ue for the enzyme-linked immunosorbent assay
(ELISA) to detect soluble antigen of Renibacterium
salmoninarum in Alaskan Pacific salmon. Diseases
of Aquatic Organising 16:191-197.

Meyers, T. R., and six coauthors, 1992, Identification
of viral hemorrhagic septicemia virus isolated from
Pacific cod Gadus macrocephalus in Prince William
Sound. Alaska, USA, Diseases of Aquatic Organ-
isms 12:167-175.

Meyers, T. R., and six coauthors. 1994, Association of
viral hemorrhagic septicemia virus with epizootic
hemorrhages of the skin in Pacific herring Clupea
harengus pallasi from Prince William Sound and
Kodiak Island, Alaska, USA. Diseases of Aquatic
Organisms 19:27-37.

Nomura, T., M. Yoshimizu, and T, Kimura. 1993. An
epidemiological study of furunculosis in salmon
propagation in Japanese rivers. Fisheries Research
17:137-146.

Paclibare, J. O., L, J. Albright, and T. P T, Evelyn. 1988,
Investigations on the occurrence of the kidney dis-
ease bacterium Renibacterinm salmoninarun in non-
salmonids on selected farms in British Columbia.
Builetin of the Aquaculture Assaciation of Canada
88:110-112.

Fascho, R, 1., D. G. Elliott, and I. M. Streufert. 1991,
Brood stock segregation of spring chinook salmen
Oncorhynchus tshawvischa by use of the cnzyme-
linked immmunosorbent assay (ELISA) and the flu-
orescent antibody technique (FAT) affects the prev-

alence and levels of Renibucterium salmoninarum
infection in progeny. Diseases of Aquatic Organ-
isms 12:25-40.

Pascho, R. )., T. D. Goodrich, and C. L. McKibben.
1997, Evaluation by enzyme-linked imununosor-
bent assay (ELISA) of Renibacterfum salmoninarion
bacterins affected by persistence of bacterial anti-
gens. Journal of Aquatic Animal Health 9:99-107.

Sakai, M., and M. Kobayashi. 1992. Delection of Ren-
ibacterivm salmoninarum, causative agent of bac-
terial kidney disease in salmonid fish, from pen-
cultured coho salman. Applied and Environmental
Microbiology 58:1061-}063.

Sakai, M., K. Ogasawara, . Atsuta, and M. Kobayashi.
1989, Comparative sensitivity of carp, Cyprinus
carpio L, and rainbow trout, Salme gairdneri Rich-
ardson, to Renibacterium sahnoninarum. Journat of
Fish Diseases 12:367-372.

Shaw, R. W., and five coauthors. 1997. A new Loma
species {Microsporea) in shiner perch {Cymatogas-
fer aggregata). Journal of Parasitology 83:296-301.

Speare, D. I, J. Brackett, and H. W, Ferguson. 1989.
Sequential pathology of the gills of coho salmon
with a combined diatom and microsporidian gil) in-
fection, Canadian Veterinary Journal 30:571-575.

Turnbull, J. F. 1993, Epitheliocystis and salmonid rick-
ettsial septicaemia. Pages 237-254 ia V. Inglis, R.
1. Roberts, and N. R. Bromage, editors. Bacterial
discases of fish. Blackwell Scientific Publications,
Oxford, UK.

Traxler, G. 8., 1. R, Roome. and M. L. Kent. 1093,
Transmission of infectious hematopoielic necrosis
virus in seawater. Diseases ol Aguatic Organismis
I6:111-114,

Traxler, G, 5., J. R. Roome, K. A, Lauda, and S, LaPatra.
1997. Appcarance of infections hematopoictic ne-
crosis virus (IHNV} and neutratizing antibodies in
sockeye salmon Ouncerhynchus nerka during their
migration and maturation period. Diseases of
Aquatic Organisms 28:31-38.

Treasurer, 1. W., and L. A. Laidler. 1994. deromonas
sahnonicida infection in wrasse {Labridae), used as
cleaner fish, on an Atlantic salmon, Sahno salar L..
farm. Journal of Fish Diseases 17:155-161,

Wolf, K. 1988, Fish viruses and fish viral diseases. Cor-
nell University Press, Ithaca, New York.




