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ABSTRACT: An iridovirus-like agent {WSIV) associated with fatal infections of the intequment of juve-
nile white sturgeon Acipenser transmontanus was isolated from fish that exhibited gross and micro-
scopic signs of the disease. The virus induced cell enlargement and slowly progressive degeneration of
arecently established cell line from white sturgeon spleen (WSS-2). Virus replication occurred at 10, 15
and 20 °C but not at 5 or 25 °C. The most rapid growth occurred initially at 20 °C but the greatest con-
centrations (10° TCIDs, ml~'} of cell-free virus were detected at 10 and 15 °C. Numerous virions were
observed in the cytoplasm of infected WSS-2 cells and ca 70 % of the infectious virus remains cell-
associated. Virions possessed an external capsid with an envelope of 260 to 280 nm in diameter that
surrounded an inner capsid with a dense nucleoid. Residual viral infectivity (ca 1 %) was found follow-
ing incubation of the virus at a temperature of 56 °C for 30 min. The WSIV genome is presumably DNA
since 50 pg ml~' 5-bromo-2'-deoxyuridine completely inhibited viral replication in the WSS-2 line.
Virulence for juvenile sturgeon of virus grown in WSS-2 cells was demonstrated by induction of fatal
infections {80 % cumulative mortality) following bath exposures to the virus at concentrations of ca 103
TCIDso g™' fish for 30 min. There were no mortalities among lake sturgeon Acipenser fulvescens,
striped bass Morone saxatilis or channel catfish Ictalurus punctatus following bath exposures to the
same concentrations of virus (TCIDs, g~') but the agent was recovered from lake sturgeon examined at
1 and 2 wk post-exposure. Microscopic signs of experimentally-induced infections included: presence
of large amphophilic to deeply basophilic cells; epithelial hyperplasia and degeneration; necrosis in the
integument and gill epithelium of white surgeon. Lake sturgeon examined at 1 and 2 wk postinfection
demonstrated a similar response, although the cellular hypertrophy was not prominent compared to
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Isolation and some properties of an iridovirus-like
agent irom white sturgeon Acipenser transmontanus

that observed in white sturgeon.

INTRODUCTION

The rearing of juvenile white sturgeon Acipenser
transmontanus at several farms in Northern and
Central California (USA) has been plagued by annual
losses due to viral infections. Three viruses have been
found associated with infections of the epithelium of
either the intestinal tract, integument or gills of juve-
nile white sturgeon. An adenovirus-like agent in the
mucosal cells of the intestinal linining (Hedrick et al.
1985), an iridovirus-like agent in the epidermis and
respiratory epithelium (Hedrick et al. 1990), and most
recently a herpesvirus in the epidermis (Hedrick et al.
1991a) have been observed in diseased white stur-
geon. The white sturgeon iridovirus-like agent (WSIV)
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is the most serious of the 3 viral agents because it is
more frequently encountered and is associated with
the greatest losses (up to 95 % mortality).

Epithelial cells of the skin and gills infected with
WSIV become enlarged, and virions with a mean dia-
meter of 262 mm can be found within these cells.
Presumptive diagnosis of WSIV infection currently
relies on observation of these pathognomonic cellular
changes as detected in hematoxylin and eosin stained
tissue sections.

Confirmatory diagnoses require demonstration of
the presence of characteristic virus particles within in-
fected cells by electron microscopy. Further character-
ization of WSIV has been impeded by the inability to
isolate the agent in cell cultures. Initial attempts to iso-
late WSIV were unsuccessful in part due to the lack of
suitable cell lines. We have recently developed 3 cell
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lines from white sturgeon, and the line from spleen
(WSS-2) has been found to support replication of WSIV
(Hedrick et al. 1991b). The purpose of the following
report is to provide information on isolation, cytopath-
ology and virus replication at selected temperatures in
the WSS-2 line. In addition, the nucleic acid type and
sensitivity of the virus to chloroform and temperature
were examined. Lastly, the virulence of WSIV was
evaluated following waterborne exposures of white
sturgeon, lake sturgeon Acipenser fulvescens, channel
catfish Ictalurus punctatus and striped bass Morone
saxatilis.

MATERIALS AND METHODS

Fish. Juvenile white sturgeon (1 to 20 g) from popu-
lations experiencing an increased mortality were col-
lected from 3 farms in California (USA} with a previous
history of microscopic signs of WSIV infections. The
fish were examined for external and internal patho-
gens (e.g. parasites, bacteria, viruses) using standard
methods (Amos 1985). Small fish used for virus isola-
tion were homogenized whole as 5-fish pools. In larger
fish, a portion of the gill lamellae and a piece of
opercular skin were removed for homogenization and
subsequent virus isolation.

Juvenile white sturgeon (6.4 g) used for experimen-
tal exposures to the virus were obtained as fry directly
from a farm prior to movement from the quarantine
area to the production facility. The white sturgeon
were reared in 15 °C well water at the University of
California, Davis, Fish Disease Laboratory, prior to use
in experimental studies. Initial histological examina-
tions of these fish showed no evidence of viral infec-
tion. Healthy lake sturgeon (4.5 g), channel catfish (1.6
g) and striped bass (6.6 g) were obtained from Wiscon-
sin Department of Natural Resources and 2 local fish
farms, respectively. The fish were maintained in 1301
aquaria receiving 15 °C well water. All fish were fed a
commercial moist trout diet.

Cells and virus isolation. Two standard cell lines for
isolation of salmonid viruses and 3 lines from white
sturgeon were used in attempts to isolate or propagate
the virus. These included the chinook salmon embryo
line, CHSE-214 (Lannan et al. 1984), the cyprinid
epithelial line, EPC (Fijan et al. 1983), the white stur-
geon heart (WSH-1), spleen (WSS-2), and skin (WSSK-
1) lines (Hedrick et al. 1991b and unpubl. data). All cell
lines were propagated at 20 °C in minimal essential
medjum (MEM) with Earle's salts supplemented with
10 % fetal bovine serum (FBS), 50 IU ml~! penicillin,
50 pg ml~' streptomycin and 2 mM L-glutamine.

Replicate wells of a 12-well tissue culture dish (ca 10°
cells) were inoculated with 0.2 ml of a 1:50 dilution

(w/v) of the initial tissue extract. After an adsorption
period of 1 h at 23 °C, 1.5 ml of MEM with 2 % FBS
(MEM-2) was added to each well of the plate which
was incubated at 20 °C and observed daily for evi-
dence of cytopathic effects (CPE). After CPE were ob-
served, a 0.2 ml aliquot of culture fluid with cells
scraped from the monolayer was used to inoculate a 25
cm? flask with a 50 % monolayer of WSS-2 or WSSK-1
cells. Virus in the supernatant and assoclated with the
cells remaining after 28 d incubation at 20 °C was then
evaluated. Cells were separated by centrifugation at
2500 x g for 5 min and then resuspended in 5 ml MEM
and sonicated for 10 s. The concentrations of virus in
the sonicated suspension and the original supernatant
were then determined by TCID,; analysis on WSS-2
cells incubated at 20 °C for 28 d. Virus infectivity was
then estimated (Reed & Meunch 1938) and expressed
as the TCIDs, ml !. Stock virus suspensions, obtained
after 2 passages in WSS-2 cells, were stored at —-70 °C.

Light microscopy. Five moribund fish from the same
population used for virus isolations were examined by
standard histological methods to confirm the presence
of pathognomonic signs of WSIV infection. An incision
in the abdomen was made to expose the visceral con-
tents, and the entire fish was placed into Bouin's fixa-
tive (Humason 1979). After 24 to 48 h of fixation, sam-
ples were transfered to 70 % ethanol and processed for
standard paraffin embedding and sectioning. Tissue
sections (5 um) were stained with hematoxylin and
eosin.

Infected WSS-2 cells were fixed after 10 d incubation
at 15°C in 10 % neutral buffered formalin and stained
with Leishman-Giemsa reagent (Yasutake & Wales
1983).

Electron microscopy. WSS-2 cells infected with
WSIV at an MOI of 0.01 were fixed after 21 d incuba-
tion at 20 °C while still attached to the flask with 2.5 %
glutaraldehyde in 0.06 M cacodylate buffer (pH 7.4) for
2hat 4 °C.Cells were rinsed twice in buffer, removed
from the flask by scraping and then sedimented by
centrifugation at 1500 X g for 10 min. The pellet was
then post-fixed in 1 % aqueous OsOy, dehydrated
through a graded ethanol series, infiltrated and
embedded in epoxy resin. Thin sections (10 to 20 nm)
were stained with 4 % uranyl acetate and lead citrate
prior to examination with a Phillips EM 400 electron
microscope at 80 kV,

Growth temperatures. Growth of WSIV was exam-
ined at 5, 10, 15, 20 and 25 °C in WSS-2 cells. Five
replicate 25 cm? flasks of WSS-2 cells were grown to ca
80 % monolayers at 20 °C. The cells in each flask were
inoculated with 100 TCIDs, of WSIV. After adsorption
of the virus for 30 min at 20 °C, 5 ml of MEM-2 was
added to each flask. One flask was then placed at each
of the selected temperatures. At selected intervals
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between 1 and 64 d after inoculation, a 0.1 ml aliquot
removed from each flask was titrated on WSS-2 cells
incubated at 20 °C for 28 d.

Determination of nucleic acid type, chloroform sen-
sitivity and temperature stability. Determination of the
nucleic acid type of WSIV using 5-bromo-2'-deoxyuri-
dine (50 ug ml™!), and sensitivity of the virus to chloro-
form and temperature (56 °C for 30 min) were deter-
mined by the methods described by Rovozzo & Burke
(1973). Channel catfish virus (CCV) strain CA-80 and
infectious pancreatic necrosis virus (IPNV) strain VR
299 were used as control DNA/enveloped and RNA/
nonenveloped viruses. These 2 control viruses were
grown and titered as described previously (Hedrick &
McDowell 1987, Hedrick et al. 1991c). Two aliquots
were removed from each control and treated flask or
tube and were titered for the amount of infectious virus
by TCIDs, analyses on WSS-2 cells incubated for 28 d
at 15 °C.

Transmission trial. Two experimental groups of 20
and 19 fish respectively, for white and lake sturgeon,
and 2 experimental groups of 25 fish each of channel
catfish and striped bass were placed into 130 | aquaria
containing 0.75 1 of 15 °C well water with 10%*° TCIDs,
of WSIV g~! fish. After 30 min, the flow of well water
was resumed to the aquaria. Two control groups of all
4 species of fish, containing equal numbers of fish as
experimental groups, were treated in the same manner
but exposed using 250 ml of MEM. Dead fish were
examined for presence of the virus, and virus concen-
trations determined for several fresh white sturgeon
mortalities. In addition, fish were removed from one of
the parallel virus-exposed and control groups at selec-
ted intervals. This sampling consisted of: 4 fish from
the white and lake sturgeon groups; 5 fish from the
channel catfish and striped bass groups at 1, 2,4 and 6
wk; and the fish remaining at 9 wk after infection. Be-
cause of mortalities among white sturgeon, only 2 live
fish were removed at 6 wk postinfection. Two gill
arches and a portion of the operculum were removed
from each fish and processed according to standard
procedures for virus isolation employing WSS-2 cells at
20 °C. The cells were observed for viral cytopathic
effects over a period of up to 42 d. Four fish from the
virus-exposed and control white and lake sturgeon
groups used for virus isolations were also examined by
standard histological procedures (Humason 1979) for
evidence of WSIV infection.

RESULTS

Virus isolation

Enlarged cells in the WSS-2 line were first noticed at
14 d post-inoculation. The cells progressively became

more rounded, began to detach and eventually lysed
by 21 d after inoculation with extracts from infected
white sturgeon. There was no evidence for CPE in the
WSH-1, CHSE-214 or EPC cells. Although not used in
initial isolations, subcultures of the virus onto WSSK-1
cells induced CPE after 28 d at 20 °C but the more
complete cell lysis observed in WSS-2 cells did not oc-
cur. A comparison of cell-free and cell-associated virus
content showed that substantial amounts of virus (ca
70 %) remained in these cells. Using these same isola-
tion procedures, the virus was identified at 3 rearing
facilities with infected white sturgeon in California.

Light microscopy

Stained tissue sections of the intequment and gills of
all 5 fish from one of the naturally-infected populations
examined showed the presence of the large hyper-
trophied, amphophilic to strongly basophilic staining
cells as previously reported for WSIV infections
(Hedrick et al. 1990). Similar cellular changes were
observed in infected WSS-2 cells. Cell monolayers con-
tained large basophilic cells with cytoplasmic inclusion
bodies (Fig. 1A). Beginning at 10 d after virus infection
and up to the time of detachment of infected cells at
21 d, there was a progressive increase in the numbers
of fused cells with pleiomorphic nuclei and deeply
stained cytoplasmic inclusion bodies.

Electron microscopy

At 21 d following infection with WSIV, the WSS-2
cells had abundant vacuoles, degenerative endoplas-
mic reticula and a fine granularity to the cytoplasm.
Distributed throughout the cytoplasm were numerous
mature and developing virions (Fig. 1B). Mature viri-
ons were characterized by an internal shell of 183 nm
that contained an electron-dense bar of 148 nm in
length (Fig. 1C). The inner shell was surrounded by a
second outer shell or capsid measuring 273 nm in
diameter (side to side). The thickness of the outer and
inner shells were 10 to 12 nm which suggests they
possess more than a single unit membrane (6 to 7 nm).

Growth temperatures

Virus replication occurred at 10, 15, and 20 °C but
not at 5 or 25 °C. Initial virus growth was most rapid
at 20 °C but the greatest production of virus was de-
tected at 10 and 15 °C (Fig. 2). The highest concentra-
tion of virus detected was 10%® TCIDg, ml~! after 50 d
at 15 °C.
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Fig. 1 Acipenser transmontanus. Spleen
(WSS-2) cells infected with the white
sturgeon iridovirus-like agent (WSIV).
(A) Light micrograph 10 d following ex-
posure to virus at 15 °C. A dark-stained
dense granular appearing cell is detec-
ted on top of 2 fused cells; Leishman-
Giemsa stain. Scale bar = 25 um. (B)
Electron micrographs of cells 21 d after
incubation at 20 °C; large cytoplasmic
vacuoles are found peripherally located
throughout the cytoplasm and a fine
matrix contains numerous hexagonal vi-
rus particles. Scale bar = 5 um. (C) Viri-
ons with double shells; internal mem-
brane surrounds an electron-dense bar.
Scale bar = 500 nm
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Fig. 2. Acipenser transmontanus. Growth of the white stur-
geon irido-like virus (WSIV) in WSS-2 cells at 5 temperatures

Determination of nucleic acid type, chloroform
sensitivity and temperature stability

There was no evidence of WSIV replication in the
presence of 50 ug ml~! of BUDR while untreated infec-
tions produced 10%® TCIDs, ml~! after 28 d at 20 °C
(Table 1). A similar reduction in CCV production using
BUDR was observed in channel catfish ovary cells after
5d at 25 °C. In contrast, IPNV replication in the CHSE-
214 cell line was unchanged by the addition of the in-
hibitor (10° TCIDs, ml~! in treated and untreated cells)
after 7 d incubation at 20 °C.

Chloroform treatments eliminated the infectivity of
WSIV and CCV (Table 1). In contrast, IPNV infectivity
was unaffected by the same treatment. Although
WSIV was sensitive to 56 °C for 30 min, 0.1 % of the
residual infectivity remained after treatment (Table 1).

Transmission trial

Cumulative mortality among juvenile white stur-
geon exposed to WSIV was 80 % after 50 d at water
temperatures of 15 °C (Fig. 3). Moribund fish displayed
signs of anorexia beginning at 10 d post exposure and
fell to the bottom of the tank prior to death. Virus was
recovered from all but 2 fish that died during the study.
Virus concentrations in selected dead fish ranged from
10*° to 10%° TCIDs, g~'. There were no mortalities
among lake sturgeon, channel catfish or striped bass
exposed to the virus nor among control groups of all 4
species. Virus was recovered from 4 of 4 virus-exposed
live white sturgeon removed 1, 2 and 4 wk postinfec-
tion but not from 2 and 1 fish examined at 6 and 9 wk,
respectively. The virus was also recovered from 3 of 4
lake sturgeon examined at 1 wk postinfection and from
1 of 4 fish examined at 2 wk but not thereafter. Virus
was not recovered from exposed channel catfish,

Table 1 Effects of 5-bromo-2’-deoxyuridine (BUDR) on viral
replication, and the sensitivity to chloroform and temperature
of the white sturgeon iridovirus-like agent (WSIV). Virus con-
centrations after various treatments in both control and ex-
perimental groups were determined by calculating the
TCID; after incubations of 28 d on WSS-2 cells at 20 °C for
WSIV; 5 d on CCO cells at 25 °C for CCV; and 7 d on CHSE-
214 cells at 20 °C for IPNV. nd: not done

Virus concentration (TCIDs, ml~})

Virus Control BUDR (50 ug ml™")
WSIV 10°2 <10!8

CcCcvVv 1083 1022

PNV 1093 T 1092

Virus Control Chloroform 56 °C (30 min)
WSIV 10°6 <10!® 10%7
CCvV 1081 <10'*® nd
IPNV 10%° 10%4 nd

striped bass or control groups of any of the 4 species of
fish examined at 1, 2, 4, 6 and 9 wk after initiation of
the study.

Hypertrophied, amphophilic to deeply basophilic
cells in the integument and gill epithelium were pro-
minent microscopic features among white sturgeon
sampled 1 and 2 wk postinfection with WSIV. In addi-
tion, there was an associated gill epithelial hyperplasia
with epithelial cell degeneration and necrosis and
an infiltration of inflammatory cells as previously
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Fig. 3. Acipenser transmontanus. Cumulative mortality
among juveniles following bath exposures to the white stur-
geon iridovirus-like agent (WSIV) at water temperatures of
15 °C. Fish were exposed to 10%° TCIDj; of virus from WSS-2
cells g~! fish. There was no mortality among a control group
treated in the same manner but not exposed to the virus
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described for natural infections with WSIV (Hedrick
et al. 1990). Lake sturgeon examined at 1 and 2 wk
displayed similar histopathologic changes in the
gill epithelium but the hypertrophied cells were not
prominent.

DISCUSSION

Initial investigations of yearly losses among juvenile
white sturgeon reared in commercial farms in the state
of California, USA, showed an association between the
presence of an iridovirus-like agent and severe infec-
tions of the integument and gills (Hedrick et al. 1990).
The virus was suspected to be the cause of the mortali-
ties but the mability to isolate the agent precluded its
confirmation as the etiological agent. The isolation of
WSIV using cell lines derived from white sturgeon, fol-
lowed by a demonstration of its virulence in infectivity
trials, indicates the potential severity of the virus to
tarm-reared populations of white sturgeon.

Although the virus can be isolated using newly
developed sturgeon cell lines, virus replication is
slow and CPE is not easily observed before 14 d incu-
bation and not routinely before 21 d. The enlarged,
rounded and deeply basophilic characteristics asso-
ciated with these infected cells in vitro (Fig. 1A) cor-
respond well with those observed in the integument
and gills of both natural and experimentally-infected
sturgeon. These pathognomonic cellular changes
have been reported from previous outbreaks (Hed-
rick et al. 1990) and presumably correspond to accu-
mulations of viral DNA in the cytoplasm of infected
cells (Murti et al. 1985). Similar basophilic cytoplas-
mic inclusions have been described by Berry et al
(1983) for the goldfish iridoviruses (GFV 1 & 2) during
their replication in CAR cells derived from goldfish
Carassius auratus.

Electron microscopy showed that infected WSS-2
cells contained numerous virions distributed through-
out the cytoplasm (Fig. 1B). Infectivity assays indicated
that up to 70 % of the virus remains in the cells at 28 d
post inoculation, a time at which cell detachment has
occurred. With the exception that the virion diameter
was slightly smaller {262 nm compared to 273 nm), the
size, shape and ultrastructure of the WSIV was identi-
cal in both WSS-2 cells (Fig. 1C) and infected cells of
the diseased sturgeon (Hedrick et al. 1990). The osmio-
philic core of the virions observed both in cell cultures
and sturgeon tissues is presumed to be DNA based on
its staining characteristics and the inability of the virus
to replicate in the presence of the analog inhibitor
BUDR. Although the resolution of the micrographs was
insufficient to resolve inner and outer membranes
associated with the 2 shells, the thickness of the WSIV

shell layers (10 to 12 nm) is larger than the correspond-
ing components of the fish iridovirus causing lympho-
cystis disease (2.5 to 5.0 nm) which does contain both
the inner and outer membranes (Berthiaume et al.
1984). Sensitivity of WSIV to chloroform also supports
the existence of an essential lipid-containing mem-
brane or envelope.

Lymphocystis disease virus (LDV) shares some ultra-
structural similarities to WSIV and infects cells in the
intequment. However, LDV selectively infects fibro-
blasts which continue to grow but cease to divide (Wolf
1962, Walker & Hill 1980). The resulting hypertrophied
cells are visible with the unaided eye (Wolf 1988). In
contrast to WSIV infections, LDV is generally consid-
ered nonlethal and infected cells are periedically
sloughed.

Replication of the WSIV was observed at 10, 15 and
20 °C with an optimum at 15 °C (Fig. 2) which corre-
sponds to water temperatures of 15 to 20 °C, commonly
found in sturgeon farms where the disease is problem-
atic (Hedrick et al. 1990). The inability of the virus to
replicate at 25 °C may allow for potential control of in-
fections in vivo since white sturgeon grow well at this
temperature (S. Hung pers. comm.). In contrast, the
ability of the virus to survive temperatures of up to
56 °C for periods of 30 min suggests a stability that
could contribute to the spread of the agent with com-
monly used equipment at the fish farm if disinfection
procedures are not utilized. Pathogenicity of WSIV was
demonstrated by the mortality of fish exposed via the
water route. Fish dying in experimental exposures had
the same emaciated appearance observed among
white sturgeon in natural outbreaks. Mortality among
white sturgeon was greatest during the period from 15
to 30 d post exposure (Fig. 3), and the virus recovered
(up to 10° TCIDso g~1) from all but 2 fish examined. Al-
though no mortality occurred, WSIV was also recov-
ered from lake sturgeon indicating their susceptibility
to infection but resistance to the more severe disease
observed in white sturgeon. The lack of mortality or
recovery of the virus from channel catfish and striped
bass suggests that they are refractory to infection.

Although an iridovius-like agent has been isolated
from carp Cyprinus carpio suffering from gill necrosis
(Shchelkunov & Shchelkunova 1981, 1984} recent
studies indicate that the virus is not the causative
agent of the gill disease (Shchelkunov & Shchelkunova
1990). The other iridoviruses or iridovirus-like agents
for which sufficient information exists seemingly cause
distinctly different syndromes from WSIV, including
severe systemic diseases (Jensen et al. 1979, Sorimachi
& Egusa 1982, Langdon & Humphrey 1987, Wolf 1988,
Ahne et al. 1989, Ogawa et al. 1990).

We presume that WSIV is a newly recognized and
unique piscine iridovirus-like agent. The specificity of
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the virus for sturgeon Acipenser spp.) in vitro (cell
lines) and in vivo suggest that the original source of the
virus was the wild sturgeon held for brood stocks at
most farms. This is supported in part by our obser-
vations of infections in some of the first artificially
spawned progeny from these wild stocks in archival
histological material beginning as early as 1983. Our
experimental studies confirm the potential of this
agent to induce serious losses as observed among cul-
tured white sturgeon in California. Although Califor-
nia and recently Oregon (unpubl. own data) are the
only confirmed geographic locations where WSIV has
been detected, we suppose that the export of white
sturgeon from California to other states and countries
has created the potential for a considerably larger
range for the agent.
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