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Abstract 

The white sturgeon iridovirus (WSIV) was detected in cultured white sturgeon Acipenser trans- 
montunus from the lower Columbia River in Oregon, the Snake River in southern Idaho and the 
Kootenai River in northern Idaho, USA. In Oregon, WSIV was consistently detected in young sturgeon 
that were progeny from Columbia River adults and cultured in river water but not detected in sturgeon 
cultured in well water. In Idaho, WSIV was detected in sturgeon that were progeny from wild Snake 
River and Kootenai River adults after being subjected to stressful conditions of low spring water 
flows and high fish densities. When densities were reduced and water flows increased, mortality 
subsided. These observations suggest that WSIV may occur in wild sturgeon and that the virus may 
be present in many Northwest populations due to the long life span of the species, migratory patterns, 
and continuity of the river systems. Additionally, since the disease appears size( age)-specific and 
stress-mediated, fish culture management strategies could be used to avoid or minimize epizootics. 
These include iodophor disinfection of eggs, sustaining low fish densities and loadings, maintaining 
virus-free water supplies, minimizing adverse environmental conditions, and reducing the handling 
of sturgeon younger than 1 year. 
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1. Introduction 

In the United States, development of hatchery technologies for the culture of white 
sturgeon (Acipenser trunsmontunus) has led to a small but growing commercial industry 
in California, Idaho, Oregon, and Washington. The largest portion of the industry is located 
in northern California where sturgeon are produced as a food fish and secondarily as an 
ornamental fish used in the aquarium trade. Current production in California is estimated at 
1 million pounds per year of fish for the food market with an estimated value of $4 million 
(Serge Doroshov, University of California, Davis, unpublished observation). State resource 
agencies are also interested in hatchery-produced white sturgeon for sport fishery enhance- 
ment, to mitigate for broodstock taken from wild populations, and to restore threatened and 
endangered stocks. 

Among potential problems hindering the continued development of sturgeon aquaculture 
are viral diseases that cause mortality among fish at early life stages (Hedrick et al., 1985; 
Hedrick et al., 1990, 1991a. One such virus, the white sturgeon iridovirus (WSIV), was 
first detected in cultured white sturgeon in California in 1988 (Hedrick et al., 1990). The 
virus has an affinity for the epithelium of the integument, gills, oropharynx, and nasal organ. 
Infected cells become enlarged with subsequent degeneration and necrosis. Mortality due 
to this disease can be high and secondary bacterial and protozoa1 infections are common. 
The disease is most severe in young sturgeon and generally not observed in fish older than 
yearlings. Diagnosis of WSIV is commonly done histologically by observing amphophilic 
to basophilic enlarged epithelial cells in affected tissues. Confirmation is by ultrastructural 
analysis (Hedrick et al., 1992). Although sometimes difficult, the virus has been isolated 
using a sturgeon spleen cell line (WSS-2; Hedrick et al., 1991b) and serum neutralization 
tests have been used for the confirmation of WSIV from infected cell cultures. 

The virus that infected hatchery-reared sturgeon in California is believed to originate 
from wild sturgeon adults collected from the Sacramento River and held for broodstock. 
This is supported by observation of infections in archival histological material from some 
of the first artificially-spawned progeny from these wild stocks beginning as early as 1983 
(Hedrick et al., 1992). The purpose of this report is: ( 1) to describe the WSIV epizootics 
that occurred in cultured white sturgeon from the lower Columbia River in Oregon, the 
Snake River in southern Idaho and the Kootenai River in northern Idaho, USA; (2) to 
assimilate the epizootiological information and suggest sources of WSIV; and (3) to 
propose fish culture management strategies to minimize disease due to WSIV. 

2. Material and methods 

Epizootics 

Lower Columbia River, Oregon. During August and September, 1990, several samples of 
juvenile white sturgeon from a private hatchery located about 5 miles downriver from 
Bonneville Dam at Dodson, OR, were submitted for clinical examination (Fig. 1). The 
water supply to the hatchery at Dodson was pumped Columbia River water. The sturgeon 
juveniles were progeny from four lower Columbia River white sturgeon females, one 
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TROUTDALE 

CALIFORNIA 

Fig. 1. Map showing location of river systems and hatcheries where juvenile white sturgeon 
montanus) were examined for the white sturgeon iridovirus. 
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artificially spawned at the Dodson facility and three at another private facility at Troutdale, 
OR, that receives spring water. Some of the sturgeon juveniles from the hatchery at Troutdale 
were transferred in June to the Dodson facility. Fish culturists at the Dodson facility reported 
that ichthyophthiriasis, columnaris disease and saprolegniasis were problems in July and 
again in September, 1990. In early August, tissues from live juveniles from both private 
hatcheries were submitted for viral isolation. About 900 juvenile sturgeon were transferred 
to the Oregon Department of Fish and Wildlife Columbia Region headquarters, Clackamas, 
OR, for further rearing in 12°C spring water. After about a month these juveniles were also 
tested for virus. Additionally, 30 moribund fish were collected from the Dodson facility in 
September, 1990 for histopathologic and electron-microscopic examination. 

Mid-Snake River, Idaho. In 1987 a cooperative white sturgeon aquaculture program was 
started in Idaho. Participants in the program included Idaho Department of Fish and Game 
(IDFG) , the commercial aquaculture industry, and College of Southern Idaho (CSI), Twin 
Falls, ID. The objectives of the program are to provide sturgeon to enhance and expand the 
resource and to examine the potential of this species in commercial aquaculture. Wild 
sturgeon adults captured from the Snake River were successfully spawned in 1988, 1990, 
and 1991. Clinical specimens from the 1991 Snake River white sturgeon brood year were 
obtained from the CSI Aquaculture Program during November, 1991 when fingerling 
mortality increased. Additional specimens were obtained from CSI and five commercial 
producers (CSF, ARK, PS, TS, and FBI) located in the Thousand Springs area of the 
Hagerman Valley, ID (Fig. 1) . All these aquaculture facilities receive spring water supplies 
with ambient temperatures of 13-15°C. About 6 months after the first examination, 10 
additional morbid and 10 apparently healthy appearing sturgeon of the same brood year 
were collected from CSI, CSF, and ARK for histopathologic examination. 

Kootenai River, Idaho. An estimated 880 sturgeon live in the lower Kootenai River in 
northern Idaho, but they apparently have not reproduced since the Libby Dam was built in 
western Montana upriver 20 years ago (Apperson and Anders, 1989). A small sturgeon 
hatchery opened in 1991 near Bonners Ferry, ID, and wild sturgeon adults captured from 
the Kootenai River were used as broodstock. During November, 1992, mortality in juvenile 
white sturgeon at the Kootenai Hatchery occurred after a temporary loss of pumped spring 
water when a portion of the fish were being cultured in dense rearing conditions. About 800 
of the affected sturgeon were subsequently transferred to the IDFG Sandpoint Hatchery, 
also in northern Idaho, to lessen fish densities and improve rearing conditions (Fig. 1). 
Tissues were collected from moribund fish at both sites and submitted for clinical exami- 
nation. 

Clinical examination procedures 
Clinical methods have been described previously (Amos, 1985) or are considered general 

procedures for routine diagnostic examinations of fish with modifications as indicated 
below. Briefly, gills, spleen and kidney were tested for bacteria by inoculation of tryptic 
soy agar and cytophaga agar supplemented with 10% bovine serum and incubated at 15’C. 
Virology samples included skin, gill and pools of kidney, spleen, and liver tissues that were 
homogenized 1: 10 in a balanced saline solution and centrifuged prior to inoculation. Two 
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cell lines established from white sturgeon (WSS-2 and WSSK-1; Hedrick et al., 1991b) 
and the CHSE-214 (Lannan et al., 1984) and EPC (Fijan et al., 1983) cell lines were 
incubated at 18°C and used for primary isolation and subculturing of suspect replicating 
agents. Tissues to be used for histological examinations were fixed in Bouin’s solution for 
24-48 h, rinsed and stored in 70% ethanol before paraffin embedding, sectioning and 
staining (Humason, 1979). Tissue and cell culture specimens for electron microscopy were 
placed in Karnovsky’s fixative for 1 h at room temperature or 2.5% glutaraldhyde in 
phosphate-buffered saline (PBS), rinsed and stored in PBS at 4°C. Following this, speci- 
mens were rinsed twice in buffer and then post-fixed in 1% aqueous OsO,, dehydrated 
through a graded ethanol series, infiltrated and embedded in epoxy resin. Thin sections ( lO- 
20 nm) were stained with 4% uranyl acetate and lead acetate prior to examination using a 
Philips EM400 transmission electron microscope. 

3. Results 

Lower Columbia River, Oregon. Juvenile fish that were transferred to Clackamas, OR, and 
held for monitoring became weak and emaciated with pale livers and empty intestines. 
Approximately 25% died after 1 month. All 30 fish collected from the Dodson facility in 
September had basophilic cells in the epidermis of the integument and gill epithelium 
pathognomonic of WSIV infection (Hedrick et al., 1990). Additional samples of these 
tissues observed by electron microscopy had virus particles with a diameter of 267 nm and 
a morphology typical of WSIV within epithelial cells (Hedrick et al., 1992). Juvenile losses 
at the Dodson facility were approximately 23% in October, 1990. No cytopathic effect was 
detected in cell cultures inoculated with tissue specimens from either location. 

Mid-Snake River, Idaho. Comparison of daily percent mortality in sturgeon at CSI and CSF 
showed increased mortality beginning at about 200 days post-hatch in fish at CSI (Fig. 2). 
Bacteria detected in the specimens obtained from CSI during the increased mortality period 
included Aeromonas sp. and Pseudomonas sp. These bacteria were detected in low numbers 
and were not considered to be the cause of mortality. Subtle cytopathic effects (CPE) were 
observed after incubation of cells inoculated with tissue homogenates from the same fish 
incubated for 8 days on the CHSE-214 cell line. Subculturing on the WSS-2 and WSSK-1 
cell lines appeared to produce CPE, but this could not be reproduced. No definitive results 
were obtained after an electron microscopic examination of these suspected virus-infected 
cell cultures. Histologic examination of fish from CSI exhibited lesions typical of white 
sturgeon iridovirus (WSIV) infection (Fig. 3). Electron-microscopic examination of stur- 
geon tissue, obtained from fish after the increased mortality had subsided, yielded no 
definitive evidence of iridovirus infection. However, tissues from fish at CSI used for the 
original histological diagnosis were deparaffinized and processed for electron-microscopic 
examination and did reveal the presence of iridovirus-like particles, approximately 270 nm 
in diameter, within epithelial cells of the integument and gills (Fig. 4). Sturgeon obtained 
from two commercial producers, ARK and PS, were also diagnosed histologically as WSIV- 
positive. Seventy-one fish were examined from CSF at various stages of development and 
WSIV was not detected (Table 1). No histological evidence of WSIV infection was 
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1991 SNAKE RIVER WHITE STURGEON 
Percent Mortality Comparison 

Daily Mortality 
12% 

6% 

6 17 31 46 69 73 67 101 114 129 142 167 171 193 246 290 

Days Post Hatch 

Fig. 2. Daily percent sturgeon mortality in 1991 broodyear Snake River white sturgeon (Acipenser trammontanus) 

at ColIege of Southern Idaho (CSI) Aquaculture Program, Twin Falls, ID, and Clear Springs Foods (CSF), Inc., 
Buhl, ID, USA. 

Fig. 3. Semi-thin gill tissue section from white sturgeon Acipenser transmontanus stained with toludine blue. 
Enlarged and deeply stained cells in the epithelium of the gills ( X 600). Bar= 20 pm. 
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Fig. 4. Iridovirus-like particles in the epithelial cells of gill tissue from white sturgeon Acipenser fransmontanus. 

Lead citrate-uranyl acetate; X 50 000. Bar = 200 nm. 

Table 1 
Total number of 1991 broodyear Snake River white sturgeon (Acipemer tranmontanus) examined by histological 
methods and number positive for the white sturgeon iridovirus ( WSIV) in fish obtained from College of Southern 
Idaho (CSI) Aquaculture Program, Clear Springs Foods (CSF) , Inc., Babbington Enterprises (ARK), and Pristine 
Springs (PS) 

Location Total fish examined Percent (proportion) with signs of WSIV 

CSI 26 88 (23/26) 
CSF 71 0 (O/71) 
ARK 12 92 (11112) 
PS 10 30 (3/10) 

observed in yearling sturgeon obtained from CSI and ARK 6 months after the original 

diagnosis. 

Kootenai River, Idaho. Microscopic examination of epithelial tissues from fish at both the 
Kootenai and Sandpoint hatcheries revealed lesions typical for WSIV infection. Subsamples 
from fish at the Kootenai Hatchery used for the original histological diagnosis were depar- 
affinized and processed for transmission electron microscopy. Examination of these speci- 
mens revealed the presence of iridovirus-like particles typical of WSIV. Of the affected 
sturgeon transferred from Kootenai to Sandpoint, 75% died compared to the 48% loss at 
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Kootenai. The stress of transporting may have exacerbated mortality at Sandpoint. A total 
of 52% (2600/5000) fish died as a result of the epizootic. 

4. Discussion 

The source of WSIV that infected juvenile sturgeon being cultured at hatcheries in the 
Lower Columbia River, Snake River, and Kootenai River is unknown. In California, WSIV 
has been detected at several commercial aquaculture farms where the original source of 
virus is believed to be from wild sturgeon adults held for broodstock. 

In Oregon, only the hatchery at Dodson supplied with Columbia River water had sturgeon 
detected as WSIV-positive. Fish at the hatchery at Troutdale, that received spring water, 
remained virus-free and did not experience elevated mortality. Infected wild sturgeon in the 
Columbia River may have been the source of WSIV that infected juvenile sturgeon being 
reared in river water. 

In southern Idaho, the CSI program has held 2-6 wild adult sturgeon obtained from the 
Snake River on site each year since 1987. These may have been the source of infection for 
the juvenile fish being reared at CSI. Gill specimens obtained non-lethally from 12 wild 
adult sturgeon caught from the Snake River were examined and showed no evidence of 
WSIV infection (Keith Johnson, Idaho Department of Fish and Game, personal commu- 
nication) . Evaluations and conclusions about wild adult fish are limited by the number of 
fish sampled, the need to use specimens that can be obtained non-lethally, precision of the 
diagnostic techniques available, and lack of knowledge about the virus. Possibly, when 
more fish are examined using more sensitive diagnostic techniques, asymptomatic adult 
sturgeon with WSIV will be detected. 

Sturgeon that tested WSIV-positive at a private facility in southern Idaho (ARK) were 
received from CSI in October, 1992. We suggest the virus may have been transferred to 
this area with the movement of these sturgeon. Another commercial producer, CSF, received 
4ooO larval sturgeon from the same mating pair crosses as the fish at CSI and ARK, but no 
WSIV was detected. A possible explanation for WSIV not being detected at CSF may be 
the limited number and sensitivity of diagnostic procedures available, different fish culture 
conditions, and the fact that CSF has never had any wild-caught Snake River adult sturgeon 
on site. 

Another commercial producer (PS) that received larvae from the same mating cross as 
the other commercial producers also had fish diagnosed with WSIV. These sturgeon were 
cultured in a spring water supply and no adult sturgeon had ever been held at this hatchery. 
The affected sturgeon were small and emaciated and egg-associated transmission of WSIV 
may have occurred from broodstock obtained from the wild. In California, disinfection of 
fertilized eggs in iodophor solutions has been examined as a management strategy to prevent 
or minimize WSIV egg-associated transmission, but the results have been equivocal. 

Characteristics of the Kootenai epizootic appeared similar to those reported for cultured 
juvenile sturgeon in southern Idaho. All egg incubation and rearing of larval and juvenile 
sturgeon at the Kootenai Hatchery prior to the epizootic had been on spring water. Mortality 
began in 6-month-old sturgeon, 10-15 cm length, after periods of low water flows when 
fish densities were high. When densities were reduced and water flows increased, mortality 
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subsided. These observations indicate that infection may be present, but disease does not 
occur until the sturgeon are compromised or stressed. This is supported by the lack of 
mortality in other groups of juvenile white sturgeon from the same source held at Kootenai 
Hatchery which had their densities reduced prior to low flows. 

Additionally, sibling juvenile sturgeon that were reared since the fertilized egg stage 
under conditions relatively free of stress at an IDFG hatchery in the same area (Sandpoint 
Hatchery; Fig. 1) exhibited no mortality. Sturgeon exposed to WSIV and transferred to 
Sandpoint after the epizootic began at Kootenai Hatchery, also died. Since this disease 
appears size (age) -specific and stress-mediated, fish culture management strategies could 
be used to minimize epizootics. These would include maintaining low fish densities and 
loadings, minimizing adverse environmental conditions (e.g. water failure), and reducing 
the handling of fish younger than 1 year. 

We suspect that in each case described in this report the source of virus infecting and 
causing mortality in cultured juvenile sturgeon was from wild sturgeon. The virus may have 
come into the facility by waterborne virus from fish present in the river or by egg-associated 
transmission from fish caught from the rivers and used for broodstock. WSIV appears to be 
enzootic in the Sacramento-San Joaquin, Columbia, Snake, and Kootenai Rivers. If the 
virus does occur in wild white sturgeon, it may be present in most Northwest populations 
due to the long life span of the species, migratory patterns, and continuity of the river 
systems. White sturgeon are known to migrate from one river system to another by entering 
the Pacific Ocean (Chadwick, 1959). Since 1986, at least three white sturgeon tagged in 
the Sacramento-San Joaquin systems have subsequently been captured in the Lower Colum- 
bia River (Steve D. King, ODFW, Columbia River Management, Clackamas, OR). Con- 
tinued monitoring of wild and hatchery-reared sturgeon will be required before any 
conclusions can be made relative to adult white sturgeon serving as reservoir hosts to WSIV. 
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