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ABSTRACT. The appearance of infectious hematopoiet~c necrosis (IHN) virus and the presence of neu- 
tralizing antibodies were determined in a population of adult sockeye Oncorhynchus nerka salmon 
during their spawning migration. Both IHN virus and neutralizing antibodies were detected in sockeye 
salmon while still in sea water This is the first reported finding of the virus in wild salmonids in the 
marine environment and suggests the possibility of a marine host or reservoir. The possibility of verti- 
cal or egg-associated transmission was investigated by crossing adults with different titers of IHN virus 
and also by exposing these gametes to the virus to increase the chances of infecting progeny. Vertical 
transmission of IHN vlrus was not observed in eggs or fry from the crosses of IHN infected broodfish, 
even when eggs were water-hardened in the presence of the virus. 
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INTRODUCTION 

Infectious hematopoietic necrosis (IHN) virus is 
enzootic in sockeye salmon populations in the Pacific 
Northwest of North America but the epizootiology of 
the virus in salmonids is still not well understood. 
Under certain conditions the virus can cause high 
losses in both wild and enhanced stocks of sockeye 
salmon Onchorhyncus nerka  (Williams & Amend 1976, 
Pilcher & Fryer 1980, Traxler & Rankin 1989). Both the 
prevalence and intensity of infection with this rhab- 
dovirus can vary annually within the same sockeye 
stock (Mulcahy et  al. 1983). Despite its virulence and 
the extensive distribution of the virus in sockeye 
salmon, sockeye are  a highly productive species of 
salmon in British Columbia, Canada. The virus is gen- 

erally only isolated from juvenile salmon with clinical 
infections and from sexually mature adults (Mulcahy et 
al. 1982). However, losses due to IHN virus in 2-yr-old 
kokanee 0, nerka  (non-anadromous sockeye) have 
been reported (Traxler 1986). The biology of the virus 
in sockeye populations is still a matter of conjecture, 
with the source of the virus infecting different life 
stages of the salmon still unknown. It is felt that fry 
become infected with the virus by either vertical or 
egg-associated transmission from adults or by direct 
exposure to the virus from freshwater reservoirs. Field 
observations have suggested that the virus can be ver- 
tically transmitted from adult spawners to their pro- 
geny (Mulchay & Pascho 1985, Meyers et  al. 1990), but 
this method of transmission has yet to be  proved exper- 
imentally. Further, research by Yoshimizu et  al. (1989) 
indicates that the virus is unlikely to survive inside the 
egg.  While intraovum infection is unlikely, transmis- 
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sion on the surface of the eggs, or contamination of 
equipment may explain the reported observations of 
vertical transmission (Plumb 1972, Holway & Smith 
1973, Wolf et al. 1973, Carlisle et al. 1979). Little is 
known about the potential of vertical transmission of 
IHN virus in spawning populations; however, it is felt 
to occur infrequently in large-scale hatchery opera- 
tions (Meyers et al. 1990). The virus is easily transmit- 
ted in both fresh water and sea water from fish to fish 
by waterborne exposure (Wolf 1988, Traxler et al. 
1993). 

The question as to the source of IHN virus in adult 
sockeye salmon is also unresolved. Early studies 
showed that the virus could be  recovered from sur- 
vivors of a n  IHN infection a s  juveniles when the fish 
matured (Amend 1975). This study, along tvith the fact 
that virus had not been Isolated from sockeye during 
the marine phase, led to the hypothesis that survivors 
of a n  infection became lifelong carriers, tvith the virus 
reappearing a s  the fish underwent maturation and 
subsequent deterioration of the immune system (Mul- 
cahy et  al. 1984). However, the establishment of a car- 
rier state or viral latency in salmon has proved difficult 
to confirm. Rhabdoviruses are  not characteristically 
latent, and the possibilities of virus latency or the exis- 
tence of a carrier state have not been resolved in sock- 
eye salmon. More recently, a report by Drolet et  al. 
(1995) suggested that the virus is maintained in salmon 
populations by the presence of defective interfering 
(Dl) particles. They speculate that levels of infectious 
virus are kept below detection limits by the presence 
of particles resembling D1 particles and that titers of 
infectious virus increase during spawning. On the 
other hand, a study by Amos et  al. (1989) suggested 
that returning adult sockeye d o  not carry IHN virus 
latently but become infected with the  virus upon 
returning to fresh water. Thls study along with the 
finding of JHN virus in freshwater aquatic inverte- 
brates (Shors & Winston 1989, Yamamoto et al. 1989, 
Mulchay et al. 1990) suggested the presence of a fresh- 
water host or reservoir. Despite extensive efforts to 
identify a freshwater source of IHN virus, no host has 
been implicated in the transmission of the virus. The 
mechanisms involved in the transmission and persis- 
tence of IHN virus in a feral population of salmon are 
likely to be complex and involve several age groups 
and posslble reservoirs. Studies to determine the role 
of these factors in the life cycle of IHN virus are impor- 
tant in developing strategies to reduce the impact of 
the virus on salmon populations. 

It is generally assumed that sexually maturing 
Pacific salmon approaching spawning are incapable of 
producing antibodies, thus leading to the many bacte- 
rial and fungal infections often seen at  the end of their 
life cycle (Mulchay et  al. 1984). Neutralizing antibod- 

ies against IHN virus produced by adult rainbow trout 
were first reported by Amend & Smith (1974). Recent 
advances in the sensitivity and specificlty of serologi- 
cal tests have resulted in the use of these tests in epi- 
zoot~ological studies (LaPatra in press). Serological and 
virus isolation tests were conducted on adult sockeye 
salmon during their migration and maturation period 
to determine whether a correlation exists between the 
presence of infectious virus and the production of neu- 
tralizing antibodies to IHN virus in maturing fish. The 
use of serological tests combined with virus isolations 
may help answer questions regarding the life cycle of 
IHN virus in sockeye salmon. 

Experiments were also conducted to determine 
whether vertical or egg  associated transmission of IHN 
virus could be demonstrated under laboratory condi- 
tions. 

MATERIAL AND METHODS 

Study area. During the fall of 1991 and 1992 adult 
sockeye salmon returning to spawn in Great Central 
Lake on the west coast of Vancouver Island, British 
Columbia, Canada, were sampled at various locations 
throughout their migration (Fig. 1).  In 1991, the fish 
were sampled from 2 freshwater sites: from site A, 
located on Stamp River at  the entrance to Great Cen- 
tral Lake, and from the spawning grounds (site B). The 
following year 2 additional marine sites were included 
and samples were collected from Barkley Sound and 
the Alberni Inlet. 

Sampling procedure and viral assay. Captured fish 
were euthanized with a blow to the head and  identi- 
fied with a number so that serum samples could be  
matched with tissue samples for virology. Blood 
obtained from individual fish by caudal peduncle 
puncture was kept at 4"C, allowed to clot and cen- 
trifuged at 3000 X g for 10 min. The serum was 
removed and stored at  8 0 ° C  until required for the 
neutralization tests. Anterior kidney tissue was 
removed from each fish, and sampling instruments 
were disinfected by immersing in 70% ethanol and 
fIaming between each fish. Tissues were kept at 4OC 
and tested for the presence of IHN virus within 24 h 
of collection using the plaque assay method of Burke 
& Mulchay (1980). The tissue samples were diluted 
1:10 with Earle's balanced salt solution and homogen- 
ized with a Polytron generator (Brinkman Instuments 
Co., Rexdale, Ontario, Canada). Homogenates were 
centrifuged for 10 min at 2000 x g and 10-fold serial 
dilutions of the supernatants were inoculated on pre- 
formed monolayers of eplthelioma papillosum cypnni 
cells. The cultures were fixed and stained after 7 to 
10 d incubation at 15OC. Plaques were counted and 
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Fig. 1. Sampling sites. Vancouver Island. BC, Canada 

viral titers calculated as plaque-forming units per 
gram (pfu g-') of tissue. 

Neutralizing titers. Serum from each fish was tested 
for the presence and titer of neutralizing antibodies to 
IHN virus using a plaque reduction method (LaPatra et 
al. 1993). Two-fold serial dilutions of sera in Hank's 
balanced salt solution were tested for neutral~zing 
activity by reacting with an equal volume of a standard 
quantity of IHN virus for 30 min at 18°C. Fresh serum 
containing complement was obtained from disease- 
free rainbow trout and added to the test wells. The 
antibody titer was reported as the reciprocal of the 
highest dilution that resulted in a 50 % reduction in the 
number of plaques observed in the negative controls. 
Fisher's exact test (Sokal & Rohlf 1981) was used to test 
the independence between IHN virus neutralizing 
activity of serum and the prevalence of the virus in 
maturing sockeye salmon. 

Passive immunization. For passive immunization, 
rainbow trout Oncorhynchus mykiss (mean weight, 
1 g) were anesthetized and injected intraperitoneally 
with 50 p1 of sockeye salmon serum with low (titer, 20) 
or moderate (titer, 160) IHNV neutralization activity or 
with saline. An additional group of rainbow trout was 
injected with hyperimmune rabbit serum made against 

IHNV isolate 220-90 (LaPatra et  al. 1991). Replicated 
25-fish groups were challenged with 104 pfu ml-' by 
standard procedures (LaPatra et al. 1994) and were 
monitored for 21 d for deaths. Comparisons between 
treatments were made after calculating mean cumula- 
tive percent mortality. 

Fish held to maturation. During October of 1991 and 
1992, maturing sockeye captured in a trap located in 
the Stamp River (site A) were transported to the Pacific 
Biological Station. The fish were placed in a 4.5 m cir- 
cular tank supplied with dechlorinated city water and 
held until maturation. 

Each fish was marked with a Floy tag (Floy Tag and 
Manufacturing Inc., Seattle, WA, USA), and a serum 
sample was obtained from it by caudal puncture before 
placing it into the tank. At maturation, gametes were 
removed from each fish for a separate experiment, and 
serum and tissue samples were collected to test for 
antibody and virus levels. 

Vertical transmission. Six pairs of mature sockeye 
salmon adults, captured in the Stamp River and held at 
the Pacific Biological Station, were randomly crossed. 
Virus assays were conducted on hematopoietic tissues 
and reproductive fluids from each fish. Gametes from 
each mating were mixed for 2 to 3 min, rinsed once in 
sterile water to remove organic matter, and divided 
into 3 equal aliquots. One group from each mating was 
water-hardened in pathogen-free fish culture water 
consisting of dechlorinated city water for 1 h. A second 
group was water-hardened in 100 ppm iodophore for 
1 h. The third group from each mating was water-hard- 
ened in fish culture water containing 7.4 X 10" pfu ml-l 
of IHN virus. Each group of eggs was placed in a bas- 
ket with a separate single-pass water supply. Virus 
testing was conducted on random samples collected 
from each group periodically during the development 
of the egg and fry. Developing eggs (10 eggs individu- 
ally assayed) were tested for IHN virus from each 
group 3 times prior to hatching, and fry were tested 
twice after hatching In addition, virus tests were con- 
ducted on samples of dead eggs and fry twice during 
the 4 mo of holding. 

RESULTS 

Vertical transmission 

Random matings of the sockeye adults resulted in 3 
crosses in which the ovarian fluids had high viru; 
titers, 1 with medium titer and 2 in which virus was not 
detected (Table 1). Virus was not detected in milt from 
any of the males used in the crosses. No virus was 
detected in any of the eggs or fry from each of the 3 
treatments conducted on eggs from each pair. 
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Reproductive Kidney/ Eggs and 
fluld spleen fry 

Pair 1 
Ma1.e nvd nvd nvd 
Female nvd 1.0 X 10' 

Pair 2 
Male nvd nvd nvd 
Female l .5 X 105 nvd 

Pair 3 
Male nvd nvd nvd 
Female 1.1 X 1 Oh nvd 

Pair 4 
Male nvd 1.0 X 102 nvd 
Female 9.2 X 105 5.8 X 10" 

Pair 5 
Male nvd nvd nvd 
Female nvd nvd 

Pair 6 
Male nvd 3.0 X 10' nvd 
Female 6.0 X 10" 2.4 X lo5 

Table 1. IHN virus titers detected in adult sockeye salmon (16/42). Virus titers also increased during this period 
Oncorhynchus nerka and progeny resulting from various ranging from 1.0 X 102 to 4.6 10Vmean 6.3 X 105) pfu 
pairings. Virus titers expressed as plaque-forming units (piu) g-l of tissue. Fish sampled from thv spawning grounds 

per m1 of f lu~d  or g of tissue. nvd: no virus detected 
had a prevalence of 70% (47/67) with titers ranging 
from 1.0 X 102 to 3.0 X 10"mean 1.4 X 106) pfu g-l of 
kidney tissue. 

In 1992, the prevalence of IHN virus also increased 
in the population of sockeye salmon during the migra- 
tion period (Table 3). Samples were obtained on sev- 
eral dates from fish dunng the saltwater phase of their 
migration. The samples collected from the Alberni 
Inlet on September 28, 1992 showed a prevalence of 
1 l % (7/60) positive for IHN virus. Titers of virus pre- 
sent in the kidney tissues ranged from 6.8 X 103 to 9.7 X 

105 pfu g-l (mean 2.3 X 105). IHN virus levels in the fish 
moved from the trap in the Stamp River to the PBS and 
held to maturity were 36% (20/55), and titers ranged 
from 1.0 X 102 to 3.2 X 106 pfu g-' (mean 2.1 X 105). 
Spawning fish sampled from the spawning grounds in 
Great Central Lake had a prevalence of 50% (30/60) 
with titers ranging from 1.4 X 102 to 1.0 X 107 piu g-' 
(mean 1.0 X 105 ). 

Antibody titers 

Virus concentration and prevalence 

In 1991, 7 %  (4/60) of the sockeye salmon sampled 
from a trap located in the Stamp River (site A) had 
IHN virus titers ranging from 4.9 X 102 to 5.6 X 10' 
(mean 1.4 X 104) pfu g-' of kidney tissue (Table 2). 
Three of the virus positive fish were female and one 
was a male. Migrating fish captured on October 10, 
1991 from the trap in the Stamp River, transported 
and held at Pacific Biological Station (PBS) until matu- 
ration, showed an increased prevalence of IHN virus. 
The prevalence of IHN virus increased during the 
holding period with the infection level reaching 38% 

Table 2 Prevalence of IHN virus in kidney t~ssue of adult 
sockeye salmon Oncorhynchus nerka returning In 1991 to 
spawn In Great Central Lake via Stamp River. BC, Canada. 

PBS: Pacific .Bioloyical Station 

Location Date No. positive/ % posit~ve 
no. sampled 

Stamp River Sep 10 4/60 7 
Stamp River 
(held a t  PBS) Oct 10d 16/42 38 

Great Central Lake Nov 20 47/67 70 

"Date fish were captured and transported to the Pacific 
Biological Station. Samples for virus assay were collected 
when the fish matured 

In 1991, antibody titers were determined for 20 fish 
being held at the PBS until maturation. Neutralizing 
antibody ti.ters were detected in serum samples from 
7/20 fish sampled on November 7 (Table 4). Neutraliz- 
ing titers of 1280 or higher were measured in samples 
from 3 fish. A second serum sample obtained on 
December 5 from 7 of the fish revealed that in 2 cases 
antibody titers increased during the interval between 
samples. These results show that sexually maturing 
adult sockeye salmon are capable of producing neu- 
tralizing antibodies against IHN virus. 

In 1992, antibody titers were detected in serum from 
2/60 fish collected from the Alberni Inlet near China 
Creek. Both fish had neutralizing titers in excess of 
160. No oth.er antibody titers were detected until sexu- 
al.ly ma.ture fish were tested, either on the spawning 
grounds in Great Central Lake or those held to matu- 
rity at the FBS. None of the fish sampled from the 
Stamp River had detectable levels of neutralizing anti- 
bodies. 

Both virus and neutralizing antibody titers were 
determined from a total of 40 fish held at the PBS 
(Table 5). Initial serum samples were obtained when 
the fish were captured and placed in the tanks from 
October 9 to 16, 1992. Subsequent samples were ob- 
tained when the fish had reached sexual maturity 
approximately 2 mo later on December 14, 1992. A 
total of 19 fish showed increased antibody levels dur- 
ing t'he holding period while undergoing maturation. 
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Table 3 Prevalence of IHN viius In k ~ d ~ i r v s  ot adult sockeye salmon Oncorhynchus nerka returning In 1992 to spawn in Great 
Central Lake 

Location 

Salt water 
Bai kley Sound 
Albe rn~  lnlet 
Barklc'\ Sound 
Alberm lnlet 

Fresh water 
Stamp River 
Stamp River 
Stamp River (held at  PBS) 
Great Central Lake 

Date No.  posit^,, L ,  (X,  posltlve No, positlve for " t l  pos~tive 
no. sampled I 1  I h V  11 l \ \ /  antibodies antibodies 

Jul 23 
J u l 2 8  
Auy 6 
S r p  28 

Sep 22 
Oct 8 
Oct 9" 

Nov 20 

0/60 
0/63 

Not tested 
2/60 

0 
0 

Not tested 
3 

"Date fish were captured and transported to the Pacific Biological Station. Samples for determining virus and an t~body  titers 
were collected when the f ~ s h  matured 

Table 4 Neutralizing antibody titers and IHN virus concen- In the group of 19 fish with increased antibody levels 
trations in kidney tissue of adult sockeye salmon Oncorhyn- only one had detectable levels of IHN virus, In the 
chus nerka held at  the Pacific Biological Station. Fish were 
captured October 10, 1991 and sampled on November 7,  group (21 fish), which increased 
1991 PNT: plaque ne~trali7~1tion test. Antibody titers are antibody levels, 9, or 42%, were IHN virus-positive in 
reported as the r tc  ~procal ot the high(tst d ~ l u t ~ o n  that lesulted kidney tissue with tlters ranging flom 1 0 X 102 to 3 2 X 

In a 50% reduction ~n the avt-rdge nunlbcr of plaques de-  
l o b  pfu g - i  

tected in the negative control wells 
The fish sampled from the spawning grounds 

No of 50 '  P'cT IH'c ~ r u s  t ~ t c ~ s  (pfu g tissue) 
i ~ s h  < l o b  i o 2  10 '  104 105 io6 

13 < L0 8 1 2 1 0 1  
0 40 
1 80 1 
1 160 1 
1 320 1 
1 640 1 
l 1280 1 
2 2560 1 1  

Table 5 Frequency of neutraliz~ng IHb  dnt~body and v ~ r u s  
t~ t e r s  In adult sockeye salmon Oncorhynchus nerka held at  
the P d c ~ f ~ c  B~ologlcal S td t~on Fish w(.re cantured October 9, 
1992 and sampled when they n ~ a t u r # ) d  PLT pldque neutral- 
~ z a t ~ o n  test Ant~body titers are repolted as the reciprocal of 
the highest dilution that resulted In a 50% reduct~on in the 
average number of plaques detected in the negative control 

wells 

No of 50% PNT IHN virus titers (pfu g I tissue) 
fish <102 io2  103 104 105 io6 
p p  p p p 

2 1 < 20 1 L 4 L 1 1 1  
5 4 0 5 
2 80 2 
1 160 1 
2 320 1 1  
0 640 
9 >640 9 

showed a similar pattern to those held to maturity at 
the PBS. In fish on the spawning grounds, IHN virus 
was found only in the group of 55 fish lacking 
detectable antibodies (Table 6). Among the 55 fish 
lacking detectable ant~bodies,  55 % (30/55) were posi- 
tive for IHN virus with kidney titers ranging from 1 . 4  X 

102 to 1.6 X 10' pfu g-l. In the group of 5 fish with neu- 
tralizing antibodies, none had detectable levels of IHN 
virus. Using Fisher's exact test of ~ndependence,  it was 
determined that when IHN virus neutralizing activity 
was detected in serum the prevalence of detectable 
vi~-us was significantly less (p 0.001) than when anti- 
IHN virus antibodies were absent. 

Table 6 Frequency of neutraliz~ng antibody and v ~ r u s  t~ t e r s  In 
spawning adult sockeye salmon Oncorhynchus nerka from 
Great Central Lake In 1992 PNT plaque neutralization test 
An t~body  tlters a l e  reported as  the rec~procal of the highest 
d~lut ion  that resulted in a 50% reduction in the average num- 

ber of plaques detected in the negatlvcT control wells 

No of 
fish 

55 
1 
1 
0 
0 
2 

50 % PNT IHN virus titers (pfu y-l  tissue) 
<102 102 103 104 105 10' 
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Passive immunization 

Passive imnlunizat~on of rainbow trout with sockeye 
salmon serum with low or moderate IHN virus neutral- 
ization activity provided dose-dependent protection 
against IHN virus challenge in agreement with previ- 
ous studies (LaPatra et al. 1993, 1994). Rainbow trout 
injected with saline exhibited a mean cumulative mor- 
tality of 28% (13/47) whereas rainbow trout injected 
with sockeye serum tvith low (titer, 20) and moderate 
(titer, 160) activity exhibited 6 % (3/50) and 0 % (0/50) 
cumulative mortality, respectively. Passive immuniza- 
tion with IHN virus hyperimmune rabbit serum activity 
provided complete protection. 

DISCUSSION 

All sockeye salmon populations along the Pacific 
coast of North America examined to date are infected 
with IHN virus. Although the biology of IHN virus in 
sockeye salmon has been studied extensively, the 
source of the virus infecting both fry and adult salmon 
has remained an unresolved issue for many years. Ver- 
tical transmission and the carrier state are important 
areas in understanding the epizootology of IHN virus 
in Pacific salmon. 

Experiments tvith IHN virus-infected brood fish did 
not result in vertical transmission of IHN. Eggs and 
progeny resulting from such fish appeared virus-free 
by cell culture, and losses due to IHN virus were not 
detected in the sac fry. Similarly, eggs water-hardened 
in the presence of the vlrus proved virus-free on sub- 
sequent testing, and yielded virus-free progeny. These 
results confirm other recent vertical transmission trials 
which concluded that vertical transmission was an 
infrequent event and likely to occur only in large-scale 
hatchery operations (Engelking et al. 1991, LaPatra et 
al. 1991). With carefully controlled 'egg take' proce- 
dures that observe proper disinfection of equipment 
and eggs, the risk of IHN virus transmission from par- 
ent fish to fry via the egg should be minimal (McDaniel 
et al.. 1994). 

Because salmon spend 2 to 3 yr at  sea, the opportu- 
nity to obtain samples for virological testing from these 
fish is limited. Our finding of IHN virus in adult sock- 
eye salmon from sea water is the first reported occur- 
rence of the virus in fish during this phase of their life 
cycle. The levels of virus present in the kidney tissues 
suggest that viral replication was occurring, and that 
the virus was present not merely as a covert or latent 
infection. The fish were approximately 2 mo from 
spawning and had not yet developed any secondary 
sex characteristics. It is also interesting that antibodies 
against IHN virus were detected at  this stage of sexual 

maturation. Based upon the rate of development of 
neutralizing antibodies in adult salmonids, the pres- 
ence of humora.1 antibodies suggests that the virus had 
been present in these fish for some time. Experimen- 
tally, juvenile rainbow trout (mean weight, 16 g) 
exposed to waterborne IHN virus developed detect- 
able neutralization activity in 2 wk; the activity peaked 
in titer and prevalence at 6 wk post-exposure at 15OC 
(LaPatra et al. 1993). Adult rainbow trout (mean 
weight, 900 g) injected with IHN virus exhibit a similar 
kinetics of anti-IHN virus antibody formation at the 
same temperature (LaPatra unpubl. information). Be- 
cause the immune response of a poikilotherm is tem- 
perature dependent, the sockeye salmon could have 
been exposed to virus up to 5 to 6 mo before sexual 
maturation. Hattenberger-Baudouy et al. (1995) indi- 
cated that antibodies against IHN virus required 14 wk 
before detection in rainbow trout held at  10°C. 

The finding of IHN virus at concentrations as high as 
IO5 pfu g-' in the kidneys of sockeye salmon when still 
in sea water raises the additional possibility of a 
marine source or reservoir of the virus (Armstrong et 
al. 3.993). The sockeye ma.y have contracted the virus 
during their seawater phase from a reservoir or host 
present in the marine environment. With the recent 
findings of the North American strain of viral hemor- 
rhagic septicemia (VHS) virus in 2 species of marine 
fishes (Meyers et al. 1992, 1994, Traxler & Kieser 1994), 
and the reports of better survival rates of the fish rhab- 
dovir'uses, IHN and VHS, in sea water than in fresh 
water (Winton et al. 1991). the marine environment 
may be a possible source of IHN virus to salmonids 
while in sea water. While the chances of waterborne 
contact leading to infection seem unlikely because of 
the tremendous dilution factor in the ocean, it remains 
a possibility based upon th.e relative ease of transmis- 
sion shown by experimental challenges conducted in 
sea water (Traxler et al. 1993). The ingestion of marine 
organisms harboring IHN virus is also a possible 
method of infection, but the virus has not yet been 
found in marine organisms. It is highly unlikely that 
the IHN infection occurred from contact with the fresh- 
water runoff into the marine environment, because 
years of previous studies have resulted in virus isola- 
tions only from fish in fresh water at or near sexual 
maturity (Traxler 2983). Also, the fish were sampled 
some 15 km from the mouth of the river and earlier 
samplings of 183 sockeye salmon conducted in July 
and 120 fish in August had proved negative for the 
virus. 

The occurrence of IHN virus in farmed Atlantic 
salmon in British Columbia during the past several 
years also suggests the possibility of a marine source of 
the virus. It is unlikely that the Atlantic salmon srnolts 
are infected with the virus while in fresh water 
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because the hatcheries that produce smolts do  not use 
surface water or are  located on streams not accessible 
to anadromous fish. Also, IHN virus has not been 
detected in routine viral monitoring of Atlantic salmon 
pre-smolts. There has been speculation that migrating 
sockeye salmon adults or juveniles may serve as a 
source of IHN virus for farmed Atlantic salmon and 
that sea lice may act as a vector to transmit the virus to 
the farmed fish. However, it is doubtful that adult sock- 
eye salmon are a source of the infection for farmed 
salmon because the finding of IHN virus in adult sock- 
eye salmon in sea water seems to be a rare event. 
Migrating adult sockeye salmon have been tested for 
IHN virus on a number of occasions and have always 
turned out to be free of the virus (Traxler 1983, Mulc- 
ahy et  al. 1984, Amos et  al. 1989). Infected juvenile 
sockeye salmon migrating past Atlantic salmon farms 
are  a possible source of IHN virus because clinically 
infected smolts migrating from lakes into the ocean 
have on occasion been reported (Burke & Grisch- 
kowsky 1984, Follett & Burton 1995). However, this 
possibility warrants further investigation because 
sockeye smolts migrating to sea normally appear 
healthy. Virological testing of marine organisms in and 
around netpens should also be conducted because, as 
mentioned before, a marine organism may be the 
reservoir of the virus. 
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