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psychrophilus, the causative agent of cold water disease (CWD)

than fish without EIBS. The fish with EIBS were most susceptible
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when inclusion bodies were most prevalent. Coho salmon infected

with both the EIBS virus and F. psychrophilus required a longer

recovery period than fish exposed to either pathogen alone.

Most investigations of EIBS require in vivo experimentation

and artificial infections using diseased fish tissues. Heterologous
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Erythrocytic Inclusion Body Syndrome: Salmonid Stock

Susceptibility, Secondary Infections, and Vitamin Therapy

CHAPTER I

Introduction

Erythrocytic inclusion body syndrome (EIBS) has been

recognized as a disease of salmonid fish since 1982 when Leek

(1987) first named the disease and described the associated virus.

Erythrocytic inclusion body syndrome has been a cause of fish

mortality that often exceeds 25% in hatcheries in the Pacific

Northwest of the USA (Piacentini et al. 1989). The disease has

been reported in increasing numbers of salmonid stocks in Oregon

and Washington and a disease with signs resembling those of EIBS

has been observed in salmonids in Ireland, Japan, and Norway.

Common signs of EIBS include anemia and increased prevalence of

secondary infections such as cold water disease (CWD). The

appearance of cytoplasmic inclusion bodies in salmonid red blood

cells viewed with light microscopy is presumptive evidence of

EIBS, and electron microscopy (EM) is used to confirm the disease

by demonstrating virus free in the cytoplasm or within

membrane-bound inclusion bodies.
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The virus associated with EIBS has not been replicated in

vitro and although attempts have been made to culture the virus

in several selected cell lines incubated at different temperatures,

no cytopathic effects have resulted. Consequently, most

investigations of the disease and its etiology require in vivo

experimentation and artificial infections using diseased fish

tissues. Aspects of erythrocytic inclusion body syndrome

epizootiology were examined in three in vivo experiments. One

objective of this project was to determine the susceptibility of

selected salmonid fish stocks to the EIBS virus. Sixteen salmonid

stocks were selected, including those of chinook salmon

(Oncorhynchus tshawytscha), coho salmon (0. kisutch), chum

salmon (0. keta), rainbow and steelhead trout (0. mykiss), Atlantic

salmon (Salmo salar), brown trout (Salmo trutta), and brook trout

(Salvelinus fontinalis). Another objective was to examine

increased host susceptibility to secondary infections as a result of

EIBS and a third objective was to determine if vitamin C

prophylaxis prevented or reduced the effects of EIBS.

All salmonid stocks were susceptible to EIBS. The

appearance of inclusion bodies suggested that trout stocks were

less susceptible to EIBS. Our results agreed with field

observations that EIBS increases the susceptibility of salmonids to

Flexibacter psychrophilus, the causative agent of CWD. Coho

salmon with EIBS were most susceptible to the bacterium during

the first 20 days of the virus infection and fish with both EIBS and

CWD required a longer recovery period than fish with either
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disease. The EIBS virus alone did not kill fish, but contributed to

death when in association with secondary pathogens. Vitamin C

prophylaxis may help prevent EIBS. Fish fed 1,000 mg/ Kg dietary

ascorbic acid had fewer signs of disease than fish fed 0, 100, 500,

or 5,000 mg/ Kg of the vitamin.
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CHAPTER II

Literature Review

Erythrocytic inclusion body syndrome (EIBS) is a viral

disease of salmonids. Since EIBS was first documented in 1982

(Leek 1987), natural infections have been reported in coho salmon

(Oncorhynchus kisutch) and chinook salmon (0. tshawytscha) in

the Pacific Northwest of the USA (Piacentini 1989), in coho salmon

in Japan (Hayakawa et al. 1989), in Atlantic salmon (Salmo salar)

in Norway (Thorud et al. 1990), and in rainbow trout (0. mykiss)

in Ireland (Rodger et al. 1991). Artificial EIBS infections have

been established in juvenile coho and chinook salmon and

rainbow and cutthroat trout (O. clarki) (Piacentini 1989).

The first sign of EIBS is the appearance of cytoplasmic

inclusion bodies in erythrocytes which are observed by

microscopic observation of air-dried blood smears that have been

fixed in methanol and stained with pinacyanol chloride (Yasutake

1987). Other signs of EIBS include anemia and increased

prevalence of secondary infections such as cold water disease

(CWD) and bacterial kidney disease (BKD) (Piacentini 1989). No

destruction of liver, anterior kidney, or spleen tissue is observed

during EIBS (Piacentini 1989).

Observation of cytoplasmic inclusion bodies with light

microscopy is presumptive evidence for EIBS. Fluorescent

microscopic observation of blood smears stained with acridine
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orange provides additional evidence for EIBS (Piacentini 1989).

Acridine orange differentiates EIBS from viral erythrocytic

necrosis (VEN) which is another salmonid disease characterized by

cytoplasmic inclusions and anemia. Inclusion bodies associated

with VEN fluoresce yellow-green with acridine orange, which

indicates the presence of double stranded nucleic acid; whereas,

EIBS inclusions fluoresce red, which indicates the virus contains

single-stranded genetic material.

Erythrocytic inclusion body syndrome is confirmed with

electron microscopy. Red blood cells from fish with EIBS are

pelleted, fixed, sectioned, and stained for transmission electron

microscopy (TEM) (Piacentini 1989). Scanning infected blood at

10,000 - 100,000 X with TEM demonstrates icosahedral,

enveloped virus particles that are

diameter (Leek 1987, Arakawa et

Lunder et al. 1990, and Rodger et

are contained in membrane-bound

cytoplasm.

The known morphological and biophysical characteristics of

the virus suggest that it is a member of the family Togaviridae

(Arakawa et al. 1989). Togaviruses are positive sense, single-

stranded RNA viruses that are 40-70 nm in diameter, icosahedral,

and possess a lipid envelope (Joklik 1985). Arakawa et al. (1989)

could not establish artificial infections in healthy coho that had

been injected with chloroform or heat-treated tissue homogenates

approximately 70-80 nm in

al. 1989, Piacentini 1989,

al. 1991). The virus particles

inclusions or occur free in the
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from fish with EIBS. These results suggested that the EIBS virus

contained an envelope.

Attempts have been made to replicate the EIBS virus in

selected cell lines including chinook salmon embryo (CHSE-214),

chum salmon heart (CHH-1), coho salmon embryo (CSE-119),

sockeye salmon embryo (SSE-5), and epithelioma papulosum

cyprini (EPC) (Arakawa et al. 1989, Piacentini et al. 1989). Cell

monolayers have been inoculated with infectious homogenates

and incubated at temperatures ranging from 50C to 180C

(unpublished data, Arakawa et al. 1989, Piacentini et al. 1989).

Cytopathic effect has not been observed in these attempts.

Consequently, EIBS experimentation and virus propagation

necessitate in vivo research and the use of tissues from diseased

fish.

Piacentini et al. (1989) developed a method for artificially

infecting fish with tissues from salmon infected with the EIBS

virus. Kidney, spleen, and blood from infected fish are

homogenized, sonicated, filtered, and diluted in phosphate

buffered saline. The preparation is injected intraperitoneally (IP)

into fish anesthetized with 10% benzocaine (ethyl aminobenzoate)

which results in a reproducible in vivo challenges. The authors

described five stages in the progression of EIBS, including pre-

inclusion, appearance of inclusion bodies, red blood cell lysis and

decreasing hematocrits, beginning of recovery, and recovery.

Inclusion bodies appear from 10 to 25 days post-injection,

hematocrits decline from days 25 to 30 and return to normal by
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approximately day 45 which is the start of the complete recovery

stage. The progression of EIBS is affected by temperature

(Piacentini 1989) and the time to the peak of inclusion bodies,

duration of inclusion body stage and low hematocrit stage, and

time to recovery are decreased by increased temperature.

Piacentini (1989) described other aspects of the disease

using artificailly-induced infections. He demonstrated EIBS can be

transmitted horizontally and fish shed virus into the water

following the inclusion body stage when erythrocytes begin to

lyse. Fish which recover from EIBS are resistant to re-infection

and their serum is protective when used to passively immunize

salmonids.

Erythrocytic inclusion body syndrome appears to amplify

subclinical infections or to enhance susceptibility of the host to

secondary infections (Arakawa et al. 1989, Piacentini 1989). Leek

(1987) reported the presence of BKD in chinook salmon with EIBS.

Hematocrits were lower than expected for fish with BKD alone and

losses were 2-3 % higher than normal. Thorud and colleagues

(1990) reported occurrences of diseases including cold water

vibriosis, ulcers, furunculosis, and BKD in fish with EIBS. Rodger

and colleagues (1991) described varied health problems that may

have been exacerbated by the EIBS virus. The authors did not

indicate which specific bacterial, fungal or non-infectious diseases

were present. However, bacterial pathogens are not always

detected in fish with EIBS. Lunder et al. (1990) reported

moderate mortalities in Atlantic salmon smolts with EIBS and no
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bacterial isolations from their kidneys. This increased

susceptibility to secondary pathogens may be a result of

immunosuppression caused by EIBS. Piacentini (1989) reported

that the number of antibody producing cells decreased during the

inclusion body stage of EIBS. This evidence suggests that the host

is most susceptible to secondary pathogens during the early stages

of EIBS.

Bacterial pathogens commonly associated with EIBS are

Renibacterium salmoninarum and Flexibacter psychrophilus, the

causative agents of BKD and CWD, respectively. Both bacteria

have extracellular proteins (ECP) that are hemolytic and are

putative virulence factors. Although hemolysins are not common

to all R. salmoninarum strains, the gene encoding this protein has

been determined and sequenced in more than one strain of R.

salmoninarum (Evenden et al. 1990), suggesting that the

bacterium causes anemia. Bruno and Munro (1986) describe a

significant decrease in the hematocrit values in rainbow trout

infected with BKD. This evidence suggests that R. salmoninarum

may contribute to anemia which is one of the clinical signs of EIBS.

Hemolysins of F. psychrophilus were described by Otis

(1984). He extracted hemolysins from F. psychrophilus that, when

injected into fish, induced signs of CWD, including skin lesions.

Dilutions of ECP as high as 1:20 lysed 100% of rainbow trout

erythrocytes in vitro. These results suggest that F. psychrophilus

causes anemia and may contribute to the effects of the EIBS virus.
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Although virulence mechanisms of Renibacterium

salmoninarum and Flexibacter psychrophilus have an important

role in the progression of disease, temperature also affects the

occurrence of EIBS coinfections. Epizootics of EIBS and CWD are

correlated with temperature (Piacentini 1989, Holt 1987, Roberts

1975) and these diseases occur most frequently when water

temperatures range from 60C to 150C.

There are no anti-viral drugs or commonly used methods to

control EIBS, but it has been suggested that vitamin prophylaxis

may ameliorate the disease. Vitamin C therapy has been shown to

promote red blood cell production, stimulate complement activity

(Li and Lovell 1985), and enhance the overall immune response in

salmonids (Blazer 1982) which protects against infectious

hematopoietic necrosis virus (R. W. Hardy, personal

communication) and may prevent EIBS.
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Abstract

Sixteen salmonid stocks were challenged with the

erythrocytic inclusion body syndrome (EIBS) virus to determine

susceptibility to the disease. The species challenged included

chinook salmon (Oncorhynchus tshawytscha), coho salmon (0.

kisutch), chum salmon (0. keta), rainbow and steelhead trout (0.

mykiss), Atlantic salmon (Salmo salar), brown trout (Salmo trutta),

and brook trout (Salvelinus fontinalis). The prevalence of EIBS

inclusion bodies was compared among different stocks. All stocks

in the genus Oncorhynchus except steelhead trout were

susceptible to the EIBS virus, as determined by the appearance of

inclusion bodies. Inclusion bodies were not observed in blood

from steelhead, brook nor brown trout.
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Introduction

A natural infection of erythrocytic inclusion body syndrome

(EIBS) was first documented in 1982 in yearling spring chinook

salmon (Oncorhynchus tshawytscha) at the Little White Salmon

National Fish Hatchery in Washington State (Leek 1987). Since

1982, natural outbreaks of EIBS have been reported in coho

salmon (0. kisutch) in Japan (Hayakawa et al. 1989) and in the

Pacific Northwest of the USA (Piacentini et al. 1989), Atlantic

salmon (Salmo salar) in Norway (Lunder et al. 1990), and rainbow

trout (0. mykiss) in Ireland (Rodger et al. 1991).

Erythrocytic inclusion body syndrome is a viral disease

presumptively diagnosed by the appearance of inclusion bodies in

red blood cell cytoplasm. Other signs of the disease include

anemia and increased prevalence of secondary infections such as

cold water disease and bacterial kidney disease (Piacentini 1989).

The disease is confirmed by electron microscopic examination of

blood samples which demonstrate virus particles with similar

morphologic characteristics to those described by Leek (1987) and

Piacentini (1989).

Artificial EIBS infections have been established in juvenile

coho salmon, chinook salmon, rainbow trout, and cutthroat trout

(0. clarki) by intraperitoneal injections of blood, kidney, or spleen

tissue homogenates from infected fish (Piacentini 1989). Adult

spring chinook salmon have also been artificially infected with the

EIBS virus (Appendix 1). Piacentini (1989) observed that both
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rainbow and cutthroat trout developed signs of EIBS but that the

inclusions appeared later and in fewer numbers than in coho

salmon. He also observed icosahedral virus particles in rainbow

trout blood by electron microscopy, confirming the susceptibility

of this species to the EIBS virus.

We obtained stocks of fish that had documented EIBS

history and stocks that had no history of the disease. We sought

to determine if stocks with no EIBS history were resistant to the

disease and if the rainbow, steelhead, brook, and brown trout

stocks were resistant, relative to most Oncorhynchus stocks. All

fish were challenged on the same day with the same infectious

material. Susceptibility was compared among stocks by observing

the prevalence of inclusion bodies. Decreases in hematocrit values

and mortality were also monitored.
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Methods

Fish.-All fish stocks were obtained from Oregon Department of

Fish and Wildlife (ODFW) hatcheries. The stocks included three

fall and three spring chinook salmon (Oncorhynchus tshawytscha),

two coho salmon (0. kisutch), one chum salmon (0. keta), one

Atlantic salmon (Salmo salar), one rainbow trout and two

steelhead trout (0. mykiss), one brown trout (Salmo trutta), and

one brook trout (Salvelinus fontinalis) (Table III.1). All

experimental animals were transported to the Oregon State

University Salmon Disease Laboratory where they were held

throughout the experiment in 12.50C fish-pathogen-free well

water. The chum salmon were held in pathogen-free sea water at

the Oregon State University Hatfield Marine Science Center Fish

Disease Laboratory.

Virus exposure.-Approximately twenty fish from each stock were

randomly assigned to separate 100 L tanks. All experimental

animals were injected intraperitoneally (IP) with 50 ul of the

infectious material on the same day using twenty-three gauge

needles (Becton Dickinson, Rutherford NJ). The EIBS virus has not

been replicated in an established cell line (Piacentini et al. 1989);

therefore, the material used to induce EIBS was prepared from

fish tissues. The spleen of an adult male spring chinook salmon

which was artificially infected with the EIBS virus in a separate

study (Appendix 1) was the source of infectious material. The

spleen was diluted 1:1 with sterile phosphate buffered saline
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(0.001 M PBS, pH 7.6) to a volume of approximately 20 ml,

homogenized with a stomacher blender (Tekmar Co. Cincinnati,

OH) for 1 min, sonicated at 60 watts for 5 s and centrifuged at

3,000 x gravity for 5 min at 40C. The resulting supernatant was

used as infectious material for injection.

Sampling.-Blood samples were taken on days 0, 10, 14, 18, 22, 26,

30, 37, and 51 post-virus exposure from five fish of each stock.

These sample days were chosen to ensure observation of inclusion

bodies, decreased hematocrits, and hematocrits that returned to

normal values. Control fish were periodically examined for

evidence of virus. Fish were sampled non-fatally and after being

anesthetized with 10% benzocaine (ethyl aminobenzoate),

approximately 50 ul of blood was removed from the caudal vein.

Blood smears were made from each fish sampled. The air-dried

smears were fixed for 5 min in absolute methanol and stained

with pinacyanol chloride (Yasutake 1987) for 1 min. Each smear

was microscopically scanned for 3 min at 1,000 X, and the number

of inclusion bodies was recorded. Hematocrits were also

determined for each fish sampled. Mortality was monitored daily

and kidney tissue from all dead fish was streaked onto kidney

disease medium with 10% serum (KDM-II) (Evelyn 1977) and

tryptone yeast extract medium (Song et al. 1988) for the detection

of bacterial pathogens.
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Results

Blood from all stocks in the genus Oncorhynchus except

steelhead trout stocks had inclusion bodies during the period from

18 to 26 d after virus exposure (Table III.1). Inclusion bodies

were not observed in blood from steelhead, brook, nor brown

trout. The prevalence of EIBS inclusion bodies ranged from 100%

in the fall chinook and chum salmon to 20% in the rainbow trout.

Blood from control fish remained negative throughout the

experiment.

The lowest hematocrit values were observed after the

appearance of inclusion bodies and before day 60. Hematocrits

decreased to values below normal range in all stocks. Mortality

occurred in all stocks of fish except those of chum salmon and

rainbow trout. Renibacterium salmoninarum was isolated from

the Dexter, Bonneville, and Round Butte spring chinook salmon,

Elk River fall chinook salmon, Cascade and Fall Creek coho salmon,

and brook trout mortality. Flexibacter psychrophilus was isolated

from the Bonneville fall chinook salmon mortality. No bacterial

pathogens were detected in the Stayton fall chinook salmon,

Atlantic salmon, rainbow trout, brown trout, Round Butte

steelhead trout, nor Big Creek steelhead trout.
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Table III.1. Salmonid stocks artificially infected
inclusion body syndrome (EIBS) virus.

with erythrocytic

Species Hatcherya Mean
weight (g)

EIBS
historyb

Prevalence
of EIBS(%)c

Fall chinook Bonneville 27 + 100
salmon Stayton 54 100

Elk River 5 90

Spring chinook Bonneville 14 + 60
salmon Dexter 64 50

Round Butte 15 70

Coho salmon Fall Creek 19 + 8 0
Cascade 17 + 3 0

Chum salmon Netarts (brood) 340 43
Netarts 14 100

Atlantic salmon Wizard Falls 27 60

Rainbow trout Mt. Shastad 25 2 0

Steelhead trout Big Creek 18 0
Round Butte 9 0

Brown trout Wizard Falls 15 0

Brook trout Wizard Falls 12 0

Stocks of fish were from Oregon Department of Fish and Wildlife
(ODFW) hatcheries.
This information was provided by the ODFW. "+" indicates one or
more years with documented EIBS-like inclusion bodies.
Prevalence is the % of fish sampled on days 18 and 22 that had 2 or
more inclusion bodies in a 3 min blood smear scan. N=10.
Shasta rainbow trout were obtained from the Oregon State
University, Fish Toxicology Laboratory.
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Discussion

All stocks in the genus Oncorhynchus except steelhead

stocks were susceptible to EIBS, including those with and without

documented history of EIBS. The Bonneville spring chinook

salmon had an apparent natural infection which began before

artificial exposure to the virus. This is the first report of EIBS in

chum salmon.

These results indicate that most Oncorhynchus stocks are

potentially susceptible to the disease and that a negative history

of EIBS does not indicate resistance to the disease. The stocks

with no EIBS history may have never been exposed to the virus at

the hatchery, or the virus may have escaped detection. These

results suggest that fish stocks with positive EIBS history should

not be transported to sites where the disease is not known to

occur.

Blood from rainbow trout had fewer inclusion bodies than

coho and chinook salmon blood. These results are consistent with

Piacentini (1989) and suggest rainbow trout are less susceptible to

EIBS virus than are other species in the genus Oncorhynchus. The

absence of cytoplasmic inclusions in steelhead, brown, and brook

trout suggest that these species are also less susceptible to EIBS

virus, but does not demonstrate that they are refractory to the

disease. An absence of inclusion bodies does not always indicate

resistance to disease because virus may be present in blood but is

not detected by light microscopy, i.e. virions may have been free
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in the cytoplasm instead of in membrane-bound inclusion bodies.

Differences in prevalence of inclusion bodies may also be due to

size and species specificity. Other salmonid viruses demonstrate

both size and species specificity (La Patra et al. 1990). Rainbow

trout in this study were larger than the steelhead, brook, and

brown trout and may have been in a more susceptible life stage.

The intra-species difference in prevalence of inclusion bodies

between rainbow and steelhead trout may be a result of genetic

isolation of the stocks and dissimilarity in adaptation to

pathogens.

Decreased hematocrits and mortality can be attributed to

the combined effects of EIBS virus, secondary pathogens, and

handling stress resulting from fish being bled repeatedly. Results

from a separate experiment indicate that mortality was not a

result of exposure to heterologous tissue (Appendix 2), i.e. chinook

salmon tissue injected into coho salmon.
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Abstract

Susceptibility of salmonids to Flexibacter psychrophilus, the

causative agent of bacterial cold water disease (CWD), is affected

by a concurrent infection of the viral disease, erythrocytic

inclusion body syndrome (EIBS). Bacterial and viral challenges

were performed to examine the severity of CWD in fish with EIBS.

Juvenile coho salmon were exposed to either EIBS virus only,

Flexibacter psychrophilus only, or both pathogens. Inclusion

bodies were observed in erythrocytes in all groups of fish exposed

to EIBS virus. Mortality occurred in fish exposed to either F.

psychrophilus alone or both pathogens, but not in fish exposed to

virus alone. Fish exposed to both pathogens on day 0 had a

significantly higher cumulative percent mortality than the fish

exposed only to F. psychrophilus only on day 0. Hematocrit values

were the lowest in fish exposed to both pathogens. Hematocrits of

the fish injected with only one pathogen returned to normal levels

more rapidly than those of fish exposed to both virus and

bacterium.
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Introduction

Erythrocytic inclusion body syndrome (EIBS) is a viral

disease of salmonids (Leek 1987) and has been observed in fish

throughout the Pacific Northwest of the USA. A similar viral

infection of red blood cells has also been detected in coho salmon

(Oncorhynchus kisutch) in Japan (Hayakawa et al 1989), in

Atlantic salmon (Salmo salar) in Norway (Thorud et al. 1990), and

in rainbow trout (0. mykiss) in Ireland (Rodger et al. 1991). The

causative virus of EIBS is presumed to be a member of the family

Togaviridae (Arakawa et al. 1989). The disease is characterized

by the appearance of cytoplasmic inclusion bodies in erythrocytes,

anemia, and simultaneous infections with bacterial pathogens such

as Flexibacter psychrophilus, the causative agent of cold water

disease (CWD). Mortality associated with EIBS has at times

exceeded 25% (Piacentini et al. 1989); however, death usually

occurs when both the EIBS virus and a secondary pathogen infect

the host.

Piacentini et al. (1989) described five stages in the

progression of EIBS. In the first stage, from 0 to 10 d after

exposure to the virus by injection, hematocrits are normal and red

blood cells contain no inclusion bodies. Increased numbers of

inclusion bodies and slightly lowered hematocrits characterize

stage II and are observed from approximately 10 to 25 d. Stage

III, from approximately 25 to 30 d, includes a rapid decline in

hematocrits and the prevalence of inclusion bodies. At 30 d post-



29

injection, the hematocrits are at their lowest, and stage IV, the

recovery period begins. Stage V starts at approximately 45 d

when blood parameters have returned to normal.

The EIBS virus has a tropism for salmonid erythrocytes and

presumably lyses them, causing anemia. A decrease in the

number of red blood cells may predispose yearling salmonids to

secondary infections with F. psychrophilus (Holt 1987). This

study examined the effects of EIBS virus on susceptibility of

salmonids to CWD. The prevalence of inclusion bodies, hematocrit

values, and mortality in fish with both EIBS and CWD were

compared with those in fish infected with EIBS virus only and fish

with F. psychrophilus only. We selected three time points during

EIBS to expose the fish to F. psychrophilus: day 0; day 19, which

was the time of maximum inclusion bodies; and day 32, which was

when hematocrits were the lowest. These time intervals were

selected to determine the stage of EIBS when fish were most

susceptible to CWD. Presence of inclusion bodies provided

presumptive evidence for EIBS and the occurence of the EIBS

virus was confirmed by electron microscopy.
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Methods

Fish.-Juvenile coho salmon with a mean weight of 2.6 g + 0.61

(n=30) were transferred from the Oregon Department of Fish and

Wildlife (ODFW) Fall Creek Hatchery to the Oregon State

University Salmon Disease Laboratory. This facility is supplied

with fish-pathogen-free well water at an ambient temperature of

12.50C. Throughout the experiment, the fish were fed 3 % of their

body weight daily with a commercial moist diet.

Prior to initiation of the experiment, 30 fish were examined

for pathogens, including the EIBS virus. The fish were

anesthetized with benzocaine, the tail was severed and blood

samples were taken from the caudal v asculature with heparinized

capillary tubes. A drop of blood from each capillary tube was

used to make two blood smears and the remainder was sealed in

the tube and centrifuged to obtain a hematocrit value. The air-

dried blood smears were fixed in methanol for 5 min, stained with

pinacyanol chloride for 1 min (Yasutake 1987), scanned

microscopically for 2 min at 1,000 X and the number of inclusion

bodies was recorded. Kidney samples were streaked onto kidney

disease medium with serum (KDM-II) (Evelyn 1977) for the

detection of bacterial pathogens. This medium is capable of

propagating common bacterial pathogens of salmonids including F.

psychrophilus. The kidney samples were also examined with the

fluorescent antibody test (FAT) for Renibacterium salmoninarum

(Banner et al. 1982).
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Virus exposure.-Groups of 57 fish were randomly assigned to one

of 16, 25 L tanks. On the day before virus exposure, five fish

from each of the 16 tanks were examined for pathogens using the

methods previously described. On day 0, fish were injected

intraperitoneally (IP) with either the EIBS virus (50 ul/ fish) or

similar material that had been gamma-irradiated to inactivate any

pathogens present (50 ul/ fish). The fish were anesthetized with

10% benzocaine (ethyl aminobenzoate, Sigma, St. Louis Missouri)

before injection.

The infectious material used to artificially induce EIBS was

prepared from fish tissues instead of from cell cultures because

the EIBS virus has not yet been replicated in vitro (Piacentini et

al. 1989). We used the spleen from a single adult female fall

chinook salmon (Oncorhynchus tshawytscha) that was collected at

the ODFW Bonneville Hatchery. Three inclusion bodies per

microscopic field were observed when a blood smear from this

adult was scanned. This tissue was diluted 1:1 with sterile

phosphate buffered saline (0.001 M PBS, pH 7.6) to a volume of 40

ml, homogenized in a stomacher blender (Tekmar Co. Cincinnati,

Ohio) for 1 min, sonicated at 60 watts for 7 s, and further

homogenized in a Virtis blender for 1 min. This preparation was

then centrifuged at 3,000 x gravity for 5 min at 40C. The resulting

supernatant was used as the infectious material for injection. The

negative control material was prepared from the spleen of

another fall chinook salmon collected the same day at Bonneville
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Hatchery which had one inclusion body in a two minute blood

smear scan. This spleen was gamma-irradiated for 8 h with 4.5

Mrads and kept cold with dry ice to maintain host proteins in

their natured state. After irradiation, the preparation of the

negative control material was identical to the methods described

for the infectious material.

Bacterial exposure.-Lyophilized strain SH3-81 F. psychrophilus

was obtained from R. A. Holt, Laboratory for Fish Disease

Research. This bacterium had been isolated from moribund fish

during classic CWD epizootics in coho salmon, injected into coho

salmon juveniles, reisolated on artificial medium, and transferred

three times before lyophilization. Approximately 6 d prior to each

in vivo exposure, tryptone yeast extract (TYE) broth (Song et al.

1988) cultures were started from lyophilized cells and the

resultant growth streaked for isolation on KDM-II media. Typical

F. psychrophilus colonies appeared after 2 to 3 d. This culture

was inoculated into 30 mL of TYE broth and incubated at 150C for

3 d. Approximately 3 h before injecting fish, 1 mL of this culture

was used to inoculate an additional 30 mL of TYE broth. After the

3 h incubation, the optical density (OD) of the culture was read at

a wavelength of 525 nm on a Beckman 35 spectrophotometer.

The OD was adjusted to 0.036 by diluting the culture with TYE

broth. This culture was then diluted with PBS that contained 0.5

% NaCI in sequential ten-fold steps and plated on KDM-II media

for enumeration. The plate counts demonstrated that a culture
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with an OD525 of 0.036 contained approximately 3 3.3 x 106

colony forming units (CFU)/ml. We injected 50 ul of the dilution

containing 3 3.3 x 105 CFU/ ml, or 1.5 1.6 x 104 CFU/ fish. All

F. psychrophilus injections were given subcutaneously with a 26

gauge needle (Becton Dickinson, Rutherford NJ) posterior to the

dorsal fin (Holt 1988).

Experimental design.-On the day of virus exposure, the mean fish

weight was 5.3 g + 1.33 (n=80). Sixteen groups of 57 fish were

randomly assigned to tanks and treatments were as follows: on

day 0, half of the fish were injected with EIBS virus and the

remaining fish with irradiated tissue. On day 0, 19, and 32, the

groups of fish were also injected with either F. psychrophilus or

phosphate buffered saline.

Sampling.-Five fish from each tank were sampled on days 12, 20,

31, and 44, and all fish remaining at the termination of the

experiment (day 52) were examined. With the exception of

sampling on day 20, these intervals were chosen to occur 12 d

after F. psychrophilus injection. Hematocrits, blood smears for the

detection of inclusion bodies, and kidney samples for the detection

of bacterial pathogens were collected on each sample day.

Mortality was monitored daily, and each dead fish was necropsied.

Cumulative percent mortality and mean day to death were

calculated at the end of the experiment. Significant differences in

mortality, hematocrits, and prevalences of inclusion bodies among
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groups were determined using paired t-tests at a probability level

of 0.05.
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Results

Inclusion bodies.-The effects of EIBS on the progression of CWD

were monitored by observing the appearance of inclusion bodies,

mortality, and hematocrit values. The presence of inclusion

bodies in blood from all groups of fish exposed to the EIBS virus

was presumptive evidence that the animals were infected (Table

IV.1) and the orange-red fluorescence of inclusion bodies stained

with acridine orange (Piacentini 1989) provided additional

evidence for the presence of EIBS. The prevalence of EIBS,

assessed by the percentage of the fish sampled with inclusion

bodies, did not vary significantly among the different treatments

(p = 0.4533) and inclusions were observed in blood from all

groups of fish exposed to virus indicating all virus challenges were

effective.

Presence of the EIBS virus was confirmed by transmission

electron microscopic examination (TEM) of the blood from fish

that were injected IP with the EIBS virus. Observation of virus

particles with TEM demonstrated morphological characteristics

similar to the EIBS virus described by Piacentini (1989).

Mortality.-No mortality occurred in tanks of fish that were not

exposed to F. psychrophilus (Table IV.2), but mortality occurred in

all groups exposed to the bacterium. All dead fish had

characteristic lesions of CWD near or surrounding the dorsal fin

(Holt 1987). Flexibacter psychrophilus cultures were isolated on
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KDM-II from the kidney tissue of all dead fish. No R.

salmoninarum was detected by FAT which was performed on

kidney smears from all dead fish.
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Table IV.1. Prevalence of inclusion bodies in fish injected with
erythrocytic inclusion body syndrome virus and Flexibacter psychrophilus
(VB) or virus only (V).

Treatment
Days p.i.a VBOII VBOII VB19I VB19II VB321 VB32II VI VII

rep.Ac rep.B rep.A rep.B rep.A rep.B rep.A rep.B

12 0/5 0 /5 1/5 0/5 0/5 3 /5 1/5 1/5

20 2/5 1 /5 4/5 1/5 3/5 5 /5 2/5 1/5

a Days post - EIBS virus exposure.
b 0, 19, and 32 are the number of days post virus exposure for each

group of bacterial injections.
c "I" and "II" following treatment indicate replicate tanks.
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Table IV. 2. Mortality and mean time to death of fish injected with
erythrocytic inclusion body syndrome virus and Flexibacter psychrophilus
bacterium (VB) or bacterium only (B).

Treatment % Mortalitya Mean % Mort. MDTDb MDTD from
from bacterial

day 0 exposure

VB0dIe 37 38f 12 (0.6)g 12
VBOII 40 11 (0.6) 11

BOI 13 10f 11 (1.0) 11
BOII 8 10 (0.2) 10

VB19I 17 20 29 (0.4) 10
VB19II 24 29 (0.5) 10

B19I 19 18 28 (0.7) 9
B1911 17 28 (0.2) 9

VB32I 19 20 40 (0.5) 8
VB32II 22 41 (0.6) 9

B32I 30 32 41 (0.7) 9
B32II 35 40 (0.5) 8

a Number of fish that died/ number of fish injected, X 100%. This
accounts for fish removed from tanks for sampling.

b Mean day to death from day 0.
c Mean day to death from bacterial injection (mean day to death from

day 0 minus day of bacterial exposure).
d 0, 19, and 32 are the number of days post virus exposure for each

group of bacterial injections.
e "I" and "II" following treatment indicate replicate tanks.
f Significantly different (p<0.05).
g Numbers in parentheses are standard errors.



Table IV. 3. Mean hematocrit values at selected intervals post EIBS virus exposure in fish injected with EIBS virus
(V) only on day 0, bacteria (B) only on day 0, 19, or 32, both pathogens, or neither pathogen. N = 5.

Hematocrits
Treatment 0 d 12 d 20 d 31 d 44 d 52d

V&B day 0 lc 56 (4.2)a 33 (8.8)b 44 (2.7)b 46 (2.1)b 45 (4.0)b 53 (2.3)
V&B day 0 II 55 (3.2) 39 (10.8)b 48 (3.4)b 47 (3.3)b 47 (1.6)b 51 (1.4)b

V&B day 19 I 57 (8.8) 44 (2.1)b 44 (4.6)b 39 (6.9)b 47 (3.8)b 51 (2.2)b
V&B day 19 II 55 (5.7) 44 (4.9)b 45 (3.6)b 44 (3.4)b 42 (4.8)b 52 (1.9)

V&B day 32 I 55 (5.7) 43 (2.5)b 47 (4.4)b 47 (2.6)b 45 (1.9)b 45 (3.8)b
V&B day 32 II 56 (6.9) 44 (3.0)b 47 (2.3)b 46 (0.9)b 45 (3.9)b 48 (2.4)b

B day 0 I 54 (4.0) 37 (14.9)b 50 (3.3) 48 (2.8) 50 (3.0) 49 (5.0)
B day 0 II 53 (3.8) 44 (2.3)b 53 (4.0) 50 (2.2) 47 (3.4)b 50 (4.7)

B day 19 I 50 (3.4)
B day 19 II 53 (2.9)

B day 32 I 51 (2.7)
B day 32 II 52 (3.8)

47 (2.6)
49 (3.8)

47 (3.1)
47 (5.8)

49 (4.3)
49 (3.6)

53 (2.1)
53 (5.6)

45 (3.6)
50 (2.7)

50 (3.1)
52 (5.3)

48 (2.3)
50 (2.5)

49 (3.4)
46 (4.2)

54 (0.8)b
53 (2.1)

51 (1.3)
50 (2.4)

I 54 (3.4) 48 (2.8)b 48 (3.4)b 48 (3.0)b 50 (3.0) 52 (0.8)
II 51 (3.0) 48 (4.3) 46 (4.1)b 49 (3.6) 49 (3.8) 54 (1.9)

Neither I 52 (3.6) 50 (3.6) 51 (3.6) 49 (3.7) 49 (4.1) 52 (1.5)
Neither II 51 (3.4) 49 (2.3) 52 (4.3) 49 (2.5) 47 (4.7) 52 (1.8)

a Numbers in parentheses are standard deviations.
b Significantly different than the mean day 0 Hct value in the same group of fish (p<0.05).
c "I" and "II" following treatment indicate replicate tanks.

0
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Fish exposed to both pathogens on day 0 averaged 38%

cumulative mortality; whereas, fish exposed to F. psychrophilus

only on day 0 had significantly lower cumulative mortality (10%).

Fish exposed to virus on day 0 and F. psychrophilus on day 19

averaged 20% mortality and fish exposed to the bacterium only on

day 19 averaged 18% mortality. Fish exposed to F. psychrophilus

31 days after viral infection averaged 20% mortality and fish

exposed to bacteria only on day 31 averaged 32% mortality.

Hema to crits. -Hematocrit values were within normal range for all

treatment groups on day 0 and ranged from 51 to 56 (Table IV.3).

All groups of fish exposed to virus and bacterium had significant

decreases in hematocrits on days 12, 20, 31, and 44 when

compared to the values from day 0 (p <0.032). Significant

decreases in hematocrits occurred in some groups exposed to the

virus only and fish exposed to F. psychrophilus only had reduced

hematocrit values 12 days after bacterial exposure.

Fish exposed to both pathogens on day 0 had significantly

lower hematocrits than the groups of fish injected with F.

psychrophilus only and the fish exposed to the virus only. The

lowest hematocrit values were observed on day 12 in the fish that

were exposed to both the virus and bacteria on day 0. On day 52,

hematocrits values had returned to normal in a third of the

groups of fish exposed to both pathogens.
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Discussion

Field observations suggest that EIBS virus affects the

susceptibility of salmonid hosts to secondary pathogens (Leek

1987, Arakawa et al. 1989, Piacentini 1989, R. Holt, personal

communication). Our experimental results agree with these

observations and suggest that EIBS virus may enhance the

pathogenesis of Flexibacter psychrophilus.

Significant differences in mortality demonstrated that fish

with EIBS were most susceptible to secondary infections during

the initial stages of the viral disease. The immune response of the

host may be debilitated during this time, increasing the chances of

a secondary pathogen to proliferate or to compound the effects of

existing bacterial and fungal infections. Piacentini (1989)

indicated that fish with EIBS have decreased numbers of antibody

producing cells during the inclusion body stage which agrees with

mortality data from this study.

Piacentini (1989) also demonstrated that passive

immunization against EIBS virus can be achieved from fish sera

after an infection. Results from this study suggest that in later

stages of EIBS, fish may have responded immunologically to the

EIBS virus and possibly to other antigens in the infectious

material used to induce the disease. Increased antibody

production and phagocyte activity may explain the lower
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mortality observed in fish injected with bacteria during the late

stages of EIBS.

Fish exposed to both pathogens required longer times to

recover from decreased hematocrits. Our results indicate that

EIBS virus and F. psychrophilus cause red blood cell destruction

independently and this effect is enhanced during simultaneous

infection. The mechanism of red blood cell lysis in fish with CWD

is not known but F. psychrophilus produces extra-cellular

products (ECP) that are hemolytic in vitro (Otis 1984). Flexibacter

psychrophilus may induce anemia by a combination of different

factors including ECP production, or damage to kidney, spleen and

heart tissues.

Our data support previous work that suggests EIBS virus

alone does not kill the host, but enhances mortality due to

bacterial pathogens. Increased mortality due to simultaneous

infections only occurred when secondary pathogens were

introduced during the early stages of EIBS. These results may be

useful to hatchery managers at facilities with a history of EIBS.

Treating bacterial and fungal diseases prior to the time of year of

EIBS epizootics may reduce fish loss due to virus in association

with secondary pathogens.
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Abstract

The course of erythrocytic inclusion body syndrome (EIBS)

may be affected by vitamin supplementation in salmon diets.

Vitamin C was chosen as a diet supplement in an attempt to

reduce the effects of EIBS. Juvenile coho salmon were fed dry

diets with vitamin C concentrations of 0, 100, 500, 1,000 and

5,000 ppm. Two groups of fish which were fed each concentration

were infected with the EIBS virus by intraperitoneal (IP) injection.

A control group was injected IP with buffered saline. Fish fed

1,000 ppm vitamin C had the highest hematocrit values and

lowest incidence of EIBS inclusion bodies. Cumulative percent

mortality did not vary significantly among fish fed different

concentrations of ascorbic acid. Complement levels varied among

diet groups; the highest activity occurred in the fish fed

intermediate levels of vitamin C but there were no consistent

trends in complement levels of EIBS-infected fish when compared

to control fish.
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Introduction

Erythrocytic inclusion body syndrome (EIBS) is a viral

infection of salmonid fish (Leek 1987). The common signs of EIBS

include the appearance of inclusion bodies in the cytoplasm of red

blood cells, decreased hematocrit values, in some cases severe

anemia (Piacentini et al. 1989), and increased prevalence of

secondary infections, such as bacterial cold water disease (CWD)

and bacterial kidney disease (BKD). Mortality is not attributed to

the EIBS virus alone, but rather to EIBS in association with

secondary infections, non-infectious diseases, or stress.

Diagnosis of EIBS is presumptively made by light

microscopic observation of cytoplasmic inclusion bodies in

erythrocytes stained with pinacyanol chloride (Yasutake 1987).

Confirmation of EIBS is accomplished by electron microscopic (EM)

observation of icosahedral-shaped, enveloped virus particles 70-

80 nm in diameter which are either free in the cytoplasm or in

membrane-bound inclusion bodies.

Vitamin C prophylaxis affects resistance to disease agents

and the overall immune response in fish, including channel catfish

(Li and Lovell 1985; Mazik et al. 1987; Liu et al. 1989) and

salmonids (Blazer 1982). We used elevated levels of ascorbic acid

in salmon diets in an attempt to prevent or decrease the severity

of artificially induced EIBS. Ascorbic acid enhances the production

of erythrocytes, the target cells of the EIBS virus and may help

the host replenish red blood cells that are destroyed during EIBS.
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Ascorbic acid also enhances complement activity (classic

pathway) in fish sera (Li and Lovell 1985). We assayed the

alternate pathway to detect complement activation. Changes in

complement activity during EIBS may be attributed to the EIBS

virus, bacterial pathogens, or both. We are interested in

complement as a single indication of one aspect of the overall

immune response. To observe the effects of vitamin C on the

immune status of fish with and without EIBS, we also monitored

hematocrit values, the prevalence of EIBS inclusion bodies, and

mortality.
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Methods

Fish.-Juvenile coho salmon (Oncorhynchus kisutch) with a mean

weight of 5 g were transferred from the Oregon Department of

Fish and Wildlife Fall Creek Hatchery to the Oregon State

University Salmon Disease Laboratory. This population of fish was

examined for pathogens including the EIBS virus before initiation

of the experiment. Thirty fish were anesthetized with benzocaine,

the tail was severed and blood samples were taken from the

caudal vasculature with heparinized capillary tubes. Kidney

samples were streaked onto two bacteriological media, kidney

disease medium with serum (KDM-II) (Evelyn 1977) and tryptone

yeast extract (TYE) medium (Song et al. 1988) for the detection of

any Flexibacter species present. The kidney samples were also

examined with the fluorescent antibody test (FAT) for

Renibacterium salmoninarum (Banner et al. 1982).

Eight weeks before exposure to the EIBS virus, groups of

180 fish were randomly assigned to one of five experimental

aquaria. The fish were held in 120C pathogen-free well water and

fed three percent of their average body weight each day with

diets containing one of the following ascorbic acid supplements: 0,

100, 500, 1,000, and 5,000 mg per kg of feed. These diets were

also assayed for ascorbic acid at the end of the experiment. At

that time, respective concentrations were 0, 87, 311, 777, and

2910 mg per kg. The fish were weighed every two weeks and

feeding was adjusted accordingly.
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Virus exposure. -Fish from each diet group were randomly divided

into three tanks of 55 fish each. The fish weighed 20 g at this

time. Two groups were injected intraperitoneally (IP) with the

EIBS virus (100 ul preparation per fish) and one control group

was injected with phosphate buffered saline (0.001 M PBS, pH

7.6). The infectious material used to artificially induce EIBS must

be prepared from fish tissues instead of from cell cultures because

the EIBS virus has not yet been replicated in vitro (Piacentini et

al. 1989). We used the kidney and spleen from a single adult

male spring chinook salmon (Oncorhynchus tshawytscha) which

had EIBS. These tissues were diluted 1:1 with sterile PBS (total

volume equaled 60 ml), homogenized in a stomacher blender

(Tekmar Co. Cincinnati, OH) for 2 min, sonicated for 10 s at 70

watts, and further homogenized in a Virtis blender for 30 s. This

preparation was then centrifuged at approximately 2,000 x

gravity for 15 min at 40C. The resulting supernatant was used as

the infectious material for injection. One hundred microliters of

either infectious tissue or PBS was injected into each fish.

Mortality was monitored daily.

Sampling, assays, and data analysis.-Five fish from each treatment

were killed on days 0, 10, 17, 22, 26, 33, 55, and 91 post-EIBS

virus injection to observe inclusion bodies, decreased hematocrit

values, and hematocrits which have returned to normal. Blood

smears, blood samples for complement assay and hematocrits,
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livers for ascorbic acid assay, and kidney tissue for FAT

examination for BKD and bacterial growth tests were taken. The

presence of EIBS virus was confirmed using a Zeiss EM 10/A (60

kV) transmission electron microscope. Red blood cells for EM were

prepared by centrifuging, removing serum, fixing with Karnosky's

fixative at a 1:10 blood to fixative ratio, and subsequent thin

sectioning.

Inclusion bodies were quantified by light microscopic

observation in pinacyanol chloride-stained red blood cells.

Inclusion bodies for each fish sampled were counted during a 3

min scan of each blood smear. The prevalence of EIBS was

calculated as the percentage of fish sampled with two or more

inclusion bodies in a 2 min blood smear scan. Significant

differences in the prevalences of EIBS were determined using

paired t-tests at a probability level of 0.05.

Serum for complement assay was prepared by keeping

blood samples on ice, centrifuging at 8,400 x gravity at 40C, and

removing and storing the serum at -700C. Complement assays

were performed according to methods described by Yano et al.

(1988). Complement activity was titrated using 1:60 dilutions of

coho salmon sera in a 0.01 M Mg-EGTA-gelatin-barbital buffer.

Rabbit red blood cells (RaRBC) were used to determine the

hemolytic ability of complement proteins. The RaRBC were

prepared by washing twice with saline and once with the EGTA

buffer. The cell suspension was then adjusted to a concentration

of 2 x 108 cells/ ml.
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To titrate complement, 50, 100, 150, 200, or 250 ul of the

1:60 serum dilution was added to separate tubes to which EGTA

buffer was added to bring the total volume to 250 ul. Then, 100

ul of the RaRBC suspension was added to each tube. The total

volume in each tube was 350 ul. Blank tubes (CB) contained 250

ul EGTA buffer and 100 ul RaRBC suspension. One hundred

percent hemolysis (100%) occurred in tubes which contained 1.65

ml dH2O and 100 ul RaRBC suspension.

All tubes were incubated for 90 min at 200C and then 1.4 ml

of a 0.01 M EDTA-gelatin-barbital buffer was added to each tube

to terminate hemolysis. Each tube was centrifuged at

approximately 200 x gravity for 5 min and the OD414 of the

supernatant was determined in a Beckman 35 spectrophotometer.

Alternate complement activity causing 50% hemolysis (ACH50)

was calculated as follows: (mean sample OD mean CB OD)/(mean

100% OD mean CB OD) = "Y". Y/(1-Y) was then plotted

logarithmically against serum dilution. The ACH50 is the dilution

value when Y/(1-Y) = 1.
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Results

Blood.-The effects of vitamin C therapy on EIBS were monitored

by observing the appearance of inclusion bodies, hematocrit

values, complement activity, and mortality. Vitamin C therapy

affected the prevalence of inclusion bodies. The fish fed 5,000

ppm ascorbic acid had a significantly higher prevalence of

inclusion bodies (45%) than the fish fed 0, 100, 500, and 1,000

ppm vitamin C (34, 30, 28, and 22%, respectively) (p=0.051)

(Table V.1). Fish fed 1,000 ppm ascorbic acid had the lowest

incidence of EIBS and the highest hematocrit values (Table V.1).

Blood from control fish had no inclusion bodies and hematocrits

remained normal throughout the experiment.

Complement.-The effects of ascorbic acid on complement activity

were assessed by assaying the sera from the fish prior to virus

exposure and on day 22 and 51 post infection. When measured

prior to exposure, complement activity varied with the

concentration of dietary vitamin C (Table V.2). Fish fed 0 and

5,000 ppm ascorbic acid had lower ACH50 values than those fed

intermediate levels of vitamin C. Complement activity did not

change consistently with time after exposure to the virus nor with

the presence of EIBS.

Mortality.-No mortality occurred in control fish, but cumulative

mortality ranged from 62 to 77 % in fish with EIBS (Table V.1).
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Mortality did not vary significantly in groups fed different

concentrations of ascorbic acid (p>0.1) and the mean time to death

for all treatment groups was approximately 75 d post-EIBS

exposure. Fish that died were infected with R. salmoninarum

which was confirmed by FAT.

In vivo vitamin C concentrations.-Livers from fish fed 0, 500, and

5,000 ppm ascorbic acid were assayed for the vitamin. Liver

samples taken on day 0 contained 22.5 ± 2.4, 158 ± 22.5, and 199

+ 14.1 ppm vitamin C for 0, 500, and 5,000 ppm dietary ascorbic

acid, respectively.

EIBS confirmation.- We confirmed EIBS by transmission electron

microscopic observation of free virus particles in the cytoplasm of

erythrocytes from infected fish. The particles observed had

morphologic characteristics typical of the EIBS virus (Piacentini

1989).
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Table V.1. Prevalence of erythrocytic inclusion body syndrome (EIBS),
hematocrit values, and mortality in fish fed 0, 100, 500, 1,000, and 5,000 ppm
Vitamin C.

ppm Vit C % fish EIBS (+)b lowest Hctc cumulative %d

0 34 (0)a 24 (41)a 77 (0)a

100 30 (0) 24 (41) 68 (0)

500 28 (0) 23 (38) 76 (0)

1000 22 (0) 28 (42) 66 (0)

5000 45e (0) 23 (44) 62 (0)

a Values for all control fish are given in parentheses.
b The percentage of the fish with EIBS was calculated from the

number of fish in four samples with at least two inclusion bodies in a
three minute blood smear scan. These values are from data obtained
10, 17, 22, and 26 days after exposure to the virus, which include all
sample days in which inclusion bodies were observed.

c All groups had the lowest hematocrit values 55 days after exposure to
the virus. The lowest hematocrit values are reported as the mean of
two replicate tanks, N=5 for each tank.

d Mortality is reported as the mean cumulative percent death from two
replicate tanks.

e Significantly different from prevalence of EIBS in fish fed 0, 100,
500, and 1,000 ppm (p=0.051).
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Table V.2. Complement activity of fish fed selected concentrations of
ascorbic acid.

Vitamin C
Concentration

(PPIn)
EIBS

ACH50a

Day 0 Day 22 Day 51

0 +b NAc 174 (22.8) 213 (21.3)

0 225 (17.7) 129 (32.6) 169 (11.5)

100 + NA 208 (5.8) 179 (20.3)

100 234 (40.1) 218 (25.9) 189 (23.4)

500 + NA 202 (11.9) 242 (18.6)

500 234 (6.4) 191 (NA) 236 (21.0)

1,000 + NA 236 (16.7) 233 (14.5)

1,000 235 (28.0) 229 (7.8) NA

5,000 + NA 194 (15.1) 176 (29.5)

5,000 199 (15.1) 249 (18.1) 208 (3.2)

a Complement activity is expressed as alternate complement activity
causing 50% hemolysis (ACH50). ACH50 values are given for 0, 22,
and 51 days post-injection of the EIBS virus. ACH50 values for EIBS(+)
fish are means from two replicate tanks. Values are means with SE in
parentheses. There were no replicate control tanks.

b A plus sign indicates exposure to the EIBS virus
c NA = data not available.
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Discussion

Ascorbic acid affected the prevalence of EIBS and

complement activity. When assessed by the percentage of fish

with inclusion bodies and complement activity, the severity of

EIBS was enhanced when fish were fed either vitamin C deficient

(0 ppm) diets or large quantities (5,000 ppm) of the vitamin.

Mortality varied significantly between groups of fish with and

without EIBS, but not with dietary vitamin C. Hematocrit values

suggested that fish fed 1,000 ppm ascorbic acid were the least

affected by EIBS. Although the mean hematocrit value for fish fed

1,000 ppm vitamin C was not significantly higher than the other

hematocrit values, the group of fish with the highest hematocrit

values also had the least number of inclusions. A dietary

concentration of 1,000 ppm vitamin C is preferable to lower

concentrations in reducing the effects of EIBS. Complement

activity and prevalences of inclusion bodies indicate that fish

require at least 100 ppm but less than 5,000 ppm dietary ascorbic

acid.

Diets deficient in vitamin C may enhance anemia in fish

(Soliman et al. 1986). Erythrocytes destroyed by the EIBS virus or

lost because of normal aging are not replaced as quickly and

hematocrit values decrease. Vitamin C deficiency may also affect

distribution of iron in fish (Tucker and Halver 1984). Imbalances

in iron metabolism can hinder hemoglobin synthesis and perhaps

enhance penetration of the EIBS virus into erythrocytes. This
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might explain the increased occurrence of inclusion bodies in fish

fed 0 ppm ascorbic acid.

Vitamin C may have been toxic to the fish fed 5,000 ppm of

the vitamin. Although vitamin C toxicity in salmonids is not well

documented, there are no reports of fish fed diets with ascorbic

acid concentrations of 5,000 ppm. Vitamin C toxicity may be a

stressor that increases the percentage of fish susceptible to EIBS,

indicated by increased numbers of inclusion bodies observed in

those fish receiving the highest concentration of the vitamin.

The fish that had the highest prevalences of EIBS also had

the lowest ACH50 values. Decreased complement activity in fish

fed both low and high concentrations of ascorbic acid may be a

result of a reduced ability to synthesize complement proteins.

Both high and low concentrations of dietary vitamin C appear to

enhance EIBS which may subsequently affect complement

activity.

Mortality varied significantly between groups of fish with

and without EIBS (p<.01), but not with dietary vitamin C (p>0.1).

We have shown that EIBS in association with BKD can cause

mortality as high as 77%. It is likely that R. salmoninarum was

introduced with the material used to induce EIBS. Although this

bacterium was not detected in this material by FAT, the bacterium

may have been present below the detection level of 103 104

Renibacterium cells per gram of material used (Elliott et al. 1989,

Sakai et al. 1989). The presence of BKD complicates analysis of the

results. However, secondary infections are considered a typical
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sign of EIBS. We do not attribute our observations to the EIBS

virus alone. We propose that dietary vitamin C supplementation

affects infections with the EIBS virus, which may be associated

with secondary pathogens.
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SUMMARY AND CONCLUSIONS

1. Mortality in fish with EIBS is attributed to the combined

effects of the EIBS virus and a secondary pathogen.

Heterologous fish tissue used to artificially induce EIBS does

not contribute to mortality.

2. The known list of juvenile salmonid stocks susceptible to

EIBS was extended to include Stayton and Elk River fall

chinook, Dexter and Round Butte spring chinook, Netarts

chum, and Wizard Falls Atlantic salmon. This is the first

documented artificial EIBS virus infection in chum and

Atlantic salmon in North America.

3. Adult South Santiam spring chinook salmon are susceptible

to EIBS. This is the first documented artificial EIBS virus

infection in pre-spawning adult salmonids. Male adults

appear to be more susceptible to EIBS than female adults.

4. Erythrocytic inclusion body syndrome (EIBS) increases the

susceptibility of coho salmon to cold water disease (CWD)

especially in the initial stages of EIBS, before and during the

appearance of cytoplasmic inclusion bodies. Coho salmon

with both EIBS and CWD require a longer recovery time than

do fish with either disease alone.
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5. Vitamin C prophylaxis (1,000 mg/ Kg feed) may help reduce

the severity of but is not sufficient to prevent the disease.
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APPENDIX 1

Susceptibility of Adult Spring Chinook Salmon to Erythrocytic

Inclusion Body Syndrome (EIBS) Virus

Introduction

Naturally occurring erythrocytic inclusion body syndrome

(EIBS) has been observed in juvenile (Leek 1987, Arakawa et al.

1989, Lunder et al. 1990) and adult salmonids (Rodger et al.

1991). Artificial EIBS infections have been documented in

juvenile salmonids but not adults (Piacentini 1989). We

attempted artificial infections of pre-spawning adult spring

chinook salmon (Oncorhynchus tshawytscha) to determine

susceptibility to the EIBS virus and if prevalence of the disease

was sex dependent. Pickering and Christie (1980) report a higher

incidence and severity of ectoparasitic infections in male brown

trout (Salmo trutta) and there is some empirical evidence that the

prevalence of EIBS inclusion bodies is higher in spawning male

adult salmonids than in females (T. Kreps, ODFW pathologist,

personal communication).

Pre-spawning adult salmonids develop fungal infections

(Pickering and Christie 1980) that may be a result of changes in

the immune system of sexually maturing salmon. We examined
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changes in immunocompetence of pre-spawning chinook salmon

by assaying complement activity at intervals before and during

EIBS.

We artificially induced EIBS in adult fish and determined

that a higher percentage of the males had cytoplasmic inclusion

bodies than the females. Complement activity and hematocrit

values decreased with time in most of the animals.
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Methods

Fourteen adult spring chinook salmon were obtained from

the Oregon Department of Fish and Wildlife (ODFW) South Santiam

Hatchery. Fish were tagged and held in a 12-foot circular tank at

the Oregon State University Salmon Disease Laboratory. This

facility is supplied with fish-pathogen-free water at an ambient

temperature of 12.50C .

Prior to injecting fish with infectious material, they were

sampled for naturally occurring EIBS. Each fish was anesthetized

with 10% benzocaine and 0.1 mL of blood was removed from the

caudal vein with a 20 gauge needle (Becton-Dickinson, Rutherford

NJ). A drop of blood was used to make a smear and the

remainder was used to fill a heparinized capillary tube for a

hematocrit value. Blood smears were air-dried, fixed in methanol,

stained with pinacyanol chloride (Yasutake 1987), and examined

microscopically.

Each fish was exposed to the EIBS virus by intraperitoneal

(IP) injection of 1.0 mL of infectious tissue. Pooled spleen, kidney,

and blood from juvenile coho salmon (0. kisutch) that were

artificially infected with EIBS was used. This collection of tissues

was diluted 1:1 with phosphate buffered saline (0.001 M PBS, pH

7.6), homogenized with a stomacher blender (Tekmar Co.

Cincinnati, Ohio), and sonicated at 60 watts.

On days 0, 12, 19, 25, 29, and 33 after injection, 0.5 mL of

blood was taken from each fish. Blood samples were obtained
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using the methods described previously. The blood was used to

make smears, fill hematocrit tubes, and collect sera for

complement assays. The assay for alternate complement

hemolysis is described in Chapter V. Blood samples from three

males and three females were selected to assay complement

activity at selected time intervals.
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Results and Discussion

Four male and ten female adult chinook salmon were

injected with tissue containing the EIBS virus. Two of the males

and one of the females had inclusion bodies (Table 1.1) that were

observed from days 12 to 25 post-injection. This empirical

evidence from a small sample size supported field observations

that suggested male chinook salmon were more susceptible to

EIBS than females.

There was a general trend of decreasing hematocrit values

and complement activities with time (Table 1.2) which agrees

with the declining overall health observed in the pre-spawning

adult salmon. There was no apparent difference in complement

activities or hematocrits between fish that had inclusion bodies

and those that did not and hematocrits and complement activities

of females were not consistently different from the males.

Although the population size was small, the data suggest that male

and female adult chinook salmon are susceptible to EIBS and

males may be more susceptible to the disease.
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Table 1.1 Hematocrit values of adult chinook salmon injected with the
erythrocytic inclusion body syndrome virus. The appearance of inclusion
bodies is noted.

Fish d-36 dO d12 d19 d25 d29 d33

female
# 1 42 39 37 44 39 46 38
# 2 41 NA 43 42 NA NA 33
# 3 30 26 25a
# 4 46 35 NA 45 NA 33 32
# 5 45 34 32 39 34 32 22
# 6 NA 29 NA 42 27 27
# 7 35 39 NA NA
# 8 NA 28 25 16
# 9 21 14 13 4
# 10 12
male
# 1 43 19
# 2 46 42 36b 44
# 3 47 42 40 41 37 35 32
# 4 38 37 27c 35 35a

a 3 inclusion bodies counted in a 2 minute blood smear scan
b 4 inclusion bodies counted in a 2 minute blood smear scan
c 2 inclusion bodies counted in a 2 minute blood smear scan

NA = data not available
No value entered indicates the fish died



76

Table 1.2 Complement activity in blood of artificially infected adult chinook
salmon. The appearance of EIBS inclusion bodies is noted.

Fish d-36 dO d12 d19 d25 d29 d33

female
# 1 244a 180 151 216 183 292 223
# 2 124 154 175 54 131 NA 190
# 3 122 125 103b
male
# 2 337 214 285b
# 3 216 205 NA 192 150 176 114
# 4 128 107 99b 91 87b

a Complement activity is expressed in ACH50 units, or
alternate complement activity causing 50% hemolysis.

b Cytoplasmic inclusion bodies were observed
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APPENDIX 2

The Effect of Heterologous Tissue Used to Artificially Induce

Erythrocytic Inclusion Body Syndrome (EIBS) in Salmonids

Introduction

Mortality as high as 25% has been documented in fish with

erythrocytic inclusion body syndrome (EIBS) in hatcheries in the

Pacific Northwest of the USA (Piacentini et al. 1989). This

mortality is often attributed to the EIBS virus in association with

secondary pathogens such as Flexibacter psychrophilus, the

causative agent of bacterial cold water disease (CWD).

Renibacterium salmoninarum, the causative agent of bacterial

kidney disease (BKD) and F. psychrophilus are frequently detected

in fish with EIBS that have died.

The EIBS virus has not been isolated nor replicated in vitro;

therefore, infected fish tissues are the only material available to

artificially induce EIBS. Infectious material from the same species

of experimental salmonid is not always available. The effects of

injecting heterologous tissue between species are unknown and

may affect the signs (i.e. anemia) associated with EIBS.

The effects of using heterologous tissue to artificially induce

EIBS were compared to the effects of injecting the EIBS virus

alone. Chinook salmon (Oncorhynchus tshawytscha), coho salmon

(0. kisutch), and rainbow trout (0. mykiss) were injected with
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selected preparations of chinook salmon tissue which either

infected with EIBS virus or free of fish pathogens.

We monitored the appearance of inclusion bodies,

hematocrit values, and mortality in each species. Neither the EIBS

virus nor heterologous tissue alone caused death in any species

but coho and chinook salmon died from the effects of the EIBS

virus in association with a secondary pathogen. Chinook and coho

salmon had higher prevalences of inclusions, lower hematocrits,

and higher mortality than rainbow trout.
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Methods

Fish. -Prior to initiation of the experiment, fifteen coho salmon

(Oncorhynchus kisutch), thirty chinook salmon (0. tshawytscha)

and fifteen rainbow trout (0. mykiss) were examined for

pathogens, including EIBS virus. Fish were first anesthetized with

10 % benzocaine and weighed. The caudal peduncle was severed

and blood was collected from the caudal vasculature. Blood

smears for the detection of inclusion bodies were made and

heparinized capillary tubes for hematocrit values were filled.

Kidney samples from each fish were streaked on KDM-II and TYE

and also smeared on a slide for detection of Renibacterium

salmoninarum using the fluorescent antibody test (FAT). At the

initiation of the experiment, coho and chinook salmon and

rainbow trout had mean weights of 48 g + 11.3, 43 g + 19.1, and

24 g ± 8.3, respectively (Table 1). Fish from each species were

randomly divided into five groups of thirty fish each and assigned

to 100 L tanks.

Tissue exposure.-Five preparations were injected intraperitoneally

into each species of fish with one treatment administered per

group of fish. The preparations were as follows: 1) phosphate

buffered saline (0.001 M PBS, pH 7.6), 2) kidney and spleen tissue

that was infected with the EIBS virus, 3) the same kidney and

spleen tissue that had been gamma-irradiated with 4.5 Mrads for

8 h to inactivate any pathogens present but kept cold to maintain

host proteins in their natured state, 4) kidney and spleen tissue
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from a fish that showed no evidence of EIBS, and 5) the same

presumed negative tissue that had been gamma-irradiated with

4.5 Mrads for 8 h and combined with blood infected with EIBS

virus that had been passed through a 0.45 um filter to eliminate

bacterial pathogens.

Each tissue was diluted 1:1 with sterile PBS, homogenized in

a stomacher blender (Tekmar Co. Cincinnati, OH) for 1 min, and

sonicated for 5 s per 30 mL of material. Each preparation was

then centrifuged at 2,000 x gravity for 15 min at 40C. The

supernatants were streaked onto KDM-II and TYE, assayed by FAT

for R. salmoninarum, and injected into fish. Salmon were injected

with 0.1 mL each and trout received 0.05 mL each.

Sampling. Mortality was monitored daily. Five fish from each

tank were sampled on days 0, 18, 21, 34, and 55 post-injection

from which blood and kidney samples were obtained and

examined using the same methods described previously. Kidney

samples from each dead fish were streaked onto KDM-II and TYE

and assayed by FAT for R. salmoninarum. All fish remaining on

day 91 post-injection were examined using the methods described

previously.
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Results and Discussion

None of the fish that were injected with chinook salmon

tissue only developed inclusion bodies, low hematocrits, or

mortality (Tables 2.1, 2.2) which suggests that the signs of EIBS

are not attributed to affects of heterologous tissue used to induce

the disease. On day 21 post-infection, inclusion bodies were

observed in all coho and chinook salmon and one of five rainbow

trout injected with the EIBS virus-infected kidney and spleen

(Table 2.1). The same groups of coho and chinook salmon were

the only fish that had a decrease in hematocrit values (Table 2.2)

and mortality above 10%. Cumulative percent mortalities for

these chinook and coho salmon were 88% and 100%, respectively

and was attributed to the EIBS virus in association with R.

salmoninarum which was detected by FAT. These results are

consistent with the observations from other experiments;

Piacentini (1989) and our reports (chapter III) indicate that

rainbow trout are less susceptible to EIBS than are chinook or

coho salmon.

Mortality occurred in chinook salmon injected with tissue

infected with EIBS virus but no mortality occurred in chinook

salmon injected with irradiated tissue that was inoculated with

filtered virus. These results suggest that mortality was not due to

the EIBS virus alone, but to the combined effects of the virus and

Renibacterium salmoninarum. These data also indicate that R.

salmoninarum was introduced in the injection material in
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concentrations undetected by FAT and that subclinical R.

salmoninarum present in the fish at the initiation of the

experiment did not contribute to mortality.
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Table 2.1. Prevalence of inclusion bodies in all chinook and coho salmon
and rainbow trout that had inclusion bodies.

Treatment d 18 d21 d34

chinook salmon
irradiated + virus 3/5a 4/5 2/5
infected tissue 5/5 5/5 3/5

rainbow trout
infected tissue 1/5 0/5 0/5

coho salmon
infected tissue 0/5 5/5 0/5

a The numerator is the number of fish that had two or more
inclusions in a 2 min blood smear scan. The denominator is the
number of fish sampled.



Table 2.2. Mean hematocrit values from chinook salmon, coho salmon, and rainbow trout exposed to five selected
tissues. N = 5 except when noted.

Treatment pre-exposurea d 18 d 21 d 34 d 55 d 91b

chinook salmon
controls
(+)irradiated
(- )
(-)irr. +filtrate
(+)
coho salmon
control
(+)irradiated
(- )
(-)irr. + filtrate
(+)
rainbow trout
control
(+)irradiated
(- )
(-)irr. + filtrate
(+)

43 (8.0)d

43 (2.8)

44 (4.0)

53 (3.6) 48 (4.2) 61 (4.7) 53 (4.8) 50 (7.1)
55 (4.0) 56 (2.5) 56 (4.4) 55 (2.7) 55 (3.6)
54 (6.9) 55 (5.1) 53 (4.1) 51 (4.1) 47 (7.6)
51 (2.8) 52 (7.7) 48 (7.3) 51 (3.0) NA
47 (3.8) 43 (7.5) 36 (10.7) NA NA

49 (7.6) 47 (7.0) 51 (4.4) 52 (3.8) 49 (5.6)
51 (4.7) 49 (3.6) 55 (9.3) 47 (5.9) 51 (3.2)
51 (4.4) 49 (2.5) 48 (4.0) 49 (0.7) 51 (3.9)
50 (4.1) 51 (9.3) 48 (2.8) 48 (2.2) 48 (3.2)
47 (8.1) 44 (3.0) 39 (6.3) 20 (8.8) NA

51 (4.9) 48 (5.0) 45 (2.1) 43 (5.1) 46 (2.8)
47 (3.5) 48 (4.8) 45 (3.4) 48 (4.5) 49 (4.3)
47 (5.0) 44 (6.9) 48 (5.6) 47 (2.1) 52 (4.7)
45 (3.7) 45 (3.7) 42 (4.5) 48 (2.9) 48 (5.4)
42 (3.4) 42 (3.4) 41 (4.2) 51 (3.7) 48 (10.4)

a N = 30 for chinook, N = 15 for rainbow and for coho.
b N = 10.
c Tissues are: phosphate buffered saline (control), kidney and spleen infected with the EIBS virus and has

been irradiated (+ irradiated), kidney and spleen that is not infected with the virus (-), the same negative
tissue that has been irradiated and combined with filtrate from infectious blood (- irr. + filtrate), and
infectious kidney and spleen (+).

d Numbers in parentheses are standard deviations.
NA = no fish left to sample.
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