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Infectious pancreatic necrosis (IPN) is an acute, contagious disease of trout fry 

and fingerlings caused by viruses of the family birnaviridae. IPN disease usually results 

in mortality that is inversely proportional to the age of the fish. While many studies 

have been carried out to increase our understanding ofIPN, little is known about its 

virulence characteristics for some subtypes common to the Pacific Northwest region of 

the United States. Knowledge of relationships between IPN virus subtypes, epitope 

patterns and virulence patterns could be useful for developing a successful IPNV 

vaccine. 

This study investigated virulence characteristics of IPN viruses in brook trout, 

Salvelinus jontinalis, fry, using fish mortality, virus titer in fish tissue, and the presence 

of clinical signs ofIPN as indicators of virulence. The relationship between virulence 

and different IPN virus subtypes, and specific epitopes, or monoclonal antibody binding 

sites, was also addressed. An additional study focused on determining whether brook 

trout survivors of an epizootic of IPN caused by one subtype of IPN virus are susceptible 

to infection and disease caused by a different IPN virus subtype. 
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Increased levels ofmortality in brook trout fry were significantly related to 

increased virus levels in mortalities and the presence of clinical signs ofIPN. In 12-15 

week-old brook trout, subtypes Buhl and VR-299 were associated with a significantly 

higher level offish mortality than the level observed in control fish. In 16-20 week-old 

brook trout, only IPNV subtype Buhl was associated with a significantly higher 

mortality level than observed in control fish. 

Three epitopes out of the eleven defined by monoclonal antibodies on the IPN 

virus were found to be significantly related to mortality in 12-15 week old brook trout, 

while six epitopes were found to be significantly related to mortality in 16-20 week-old 

brook trout. 

Brook trout survivors of exposure to avirulent or low virulence IPN virus were 

not protected against infection and IPN disease when exposed to highly virulent IPN 

virus. Brook trout survivors of exposure to highly virulent IPN virus appeared to be 

protected against infection and IPN disease when exposed to highly virulent IPN virus. 
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VIRULENCE CHARACTERISTICS OF 

INFECTIOUS PANCREATIC NECROSIS VIRUS (lPNV) 

IN BROOK TROUT, SALVELINUS FONTINALIS, FRY 


CHAPTER! 


INTRODUCTION 


Infectious pancreatic necrosis (IPN) is an acute, contagious disease of trout fry and 

fingerlings caused by viruses of the family Bimaviridae. IPN disease usually results in 

mortality that is inversely proportional to the age of the fish, with the highest levels 

observed in the youngest fish, and little to no mortality in older fish (Dorson and Torchy, 

1981). Older fish are often asymptomatic carriers and shedders of the virus, and may act 

as a reservoir for the virus (Wolf, 1988). 

IPN viruses (IPNV) consist of many strains that differ in their virulence and 

serological characteristics. While IPNV was originally considered to be a disease only 

of salmonids, lPN-like viruses have been isolated from a wide range ofnon-salmonid 

fishes. Infections in non-salmonids are usually subclinical in nature, but some are 

associated with syndromes of disease and mortality. In addition, lPN-like viruses have 

been isolated from a variety of mollusks and crustaceans. It is not known if these viruses 

are pathogenic to mollusks and crustaceans, but it appears that in the majority of cases, 

these animals are asymptomatic carriers. Some of the viruses isolated from apparently 

healthy non-salmonid fishes, and invertebrates, have been noted to cause typical IPN 

disease, and accompanying mortalities, in young salmonids (Wolf, 1988). 
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Hill and Way (1983; 1995) used the reciprocal cross-neutralization test to serotype 

nearly 200 different birnavirus isolates from various aquatic hosts. These studies 

confirmed the existence of the three previously known serotypes (WB, Sp, and Ab), and 

also provided evidence for six other, new, serotypes. These nine serotypes (three old 

and six new) constitute a major serogroup (serogroup A). The nine serotypes have been 

designated AI-A9, with Al = West Buxton (WB), A2 = Sp, A3 = Ab, A4 = Hecht (He), 

A5 = Tellina (Te), A6 = Canada 1 (Cl), A7 = Canada 2 (C2), A8 = Canada 3 (C3), A9 = 

Jasper (Ja). Six other isolates were found to be serologically unrelated and constitute 

another serogroup (serogroup B). A panel of eleven monoclonal antibodies prepared 

against IPNV has been used to develop an immunodot assay for the presumptive 

serotyping of aquatic birnaviruses (Caswell-Reno et al. 1989). Using this method, 

researchers were able to distinguish four of the new serotypes proposed by Hill and Way 

(Ja, He, Te, and Cl) from each other, as well as from the other two new serotypes (C2, 

and C3), and the original three serotypes (WB, Sp, and Ab) (Caswell-Reno et al. 1989). 

The type strains of the serotypes C2 and C3 could not be distinguished from each other 

using the monoclonal antibodies. Within a given serotype, several subtypes may exist 

that differ slightly in their reaction with the eleven monoclonal antibodies (Reno et al. 

1994). Three subtypes are clearly demarcated within the Al serotype: West Buxton, 

Buhl, and VR-299. The A2 and A3 serotypes also contain several subtypes. 

While many studies have been carried out to increase our understanding of IPNV, 

there is still much that is unknown regarding the virulence oflPNV. Among the 

European strains of IPNV, type Sp isolates were often found to be virulent in young 
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trout and Atlantic salmon, while type Ab isolates had little or no virulence (Hill, 1982; 

Wolf, 1983). 

Chapter 3 of this thesis focused on the virulence of IPNV isolates from the Pacific 

Northwest region of the United States. The virulence of 57 IPNV isolates from the 

Pacific Northwest was detennined using the mortality level, virus titer levels from 

mortalities, and the observation of clinical signs of IPN disease in brook trout fry, in 

association with exposure to the IPNV isolates. Twelve IPNV isolates from other 

regions were also analyzed along with those from the Pacific Northwest. 

Different serological characteristics are specific to different strains of IPNV. Some 

of these differences among IPNV strains were detennined by the presence or absence of 

binding sites that are specific to certain monoclonal antibodies. A portion of this study 

detennined if the presence or absence of some, or all, of these epitopes (antibody 

binding sites) was significantly correlated to virulence. Knowledge of the relationship 

between epitopes and virulence is important for a greater understanding of the virulence 

of IPNV, and may be useful for developing a successful vaccine. 

Infonnation on the fish immune response to IPNV may also be useful for vaccine 

development. There is evidence that young salmonid survivors of an IPN epizootic are 

protected against disease caused by a homologous strain of virus, but not by a 

heterologous strain of virus (Wolf 1988). Chapter 4 of this thesis focused on 

experiments which investigated whether brook trout survivors of an epizootic of IPN 

caused by one subtype of Al serotype IPNV were susceptible to infection and disease 

caused by a different subtype of A I serotype IPNV. 
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CHAPTER 2 

LITERATURE REVIEW OF INFECTIOUS PANCREATIC NECROSIS 

EARLY RESEARCH ON IPN 

The disease now known as infectious pancreatic necrosis (IPN) was first described 

by M'Gonigle (1941), as an acute catarrhal enteritis of brook trout (Salvelinusfontinalis) 

fry. M'Gonigle described a recurrent disease in various hatcheries in maritime Canada, 

characterized by a whirling behavior and high rate of mortality. 

A disease was later described in the United States having the same characteristics as 

acute catarrhal enteritis (Wood et al. 1955). Histopathologic examination of tissues from 

infected brook trout fry was performed, and on the basis of the site of principal damage, 

the disease was renamed infectious pancreatic necrosis. 

In order to prove the infectious nature ofIPN, brook trout fry from hatcheries with 

no signs of IPN were exposed to aqueous homogenates prepared from entire trout that 

showed signs of IPN. Typical IPN symptoms were seen in all cases where fry were 

exposed to the homogenate, while control groups remained free of symptoms. This 

established the infectious nature ofIPN (Snieszko et al. 1959). 

The viral nature of IPN was determined by preparing bacteria free filtrates from 

diseased brook trout. Tissue cultures prepared from brook trout were inoculated with the 

filtrate, and a cytopathic effect was observed. The agent was carried through serial 

passages. Brook trout fry exposed to different passages developed typical symptoms of 

IPN disease. The agent was re-isolated in tissue culture, and caused a cytopathic effect 

characteristic in appearance to IPN. This fulfilled River's postulates, confirming the 

viral nature of IPN (Wolf et al. 1960). 
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SIGNS OF IPN DISEASE  

Infectious pancreatic necrosis virus (IPNV) has the potential to cause a high 

mortality in salmonid fry and fingerlings, and occasionally in older fish. In a typical 

epizootic ofIPN, the first sign is a sudden increase in mortality. Usually, the largest fry 

or fingerlings are the first affected (Wolf, 1966). 

Trout fry with IPN typically show anorexia and a whirling behavior alternating with 

prostration. Whirling may be rapid, or may be slow and feeble. Such behavior is 

commonly a terminal sign. If whirling is not apparent, it may often be elicited by 

startling the fish (Wolf, 1966). 

External signs of IPN include an overall darkening of the infected fish, mild to 

moderate exophthalmia, abdominal distension, pale gills, and petechial hemorrhages on 

the ventral areas. Many infected fish will also trail white cast-like excretions from their 

vent (Wolf, 1988). 

Internally, fish with IPN will usually lack any food in their gut. The peritoneal 

cavity may contain ascitic fluid, and the stomach and anterior intestine will typically 

contain a clear to milky mucus. Fry will often have a pale color to the heart, spleen, 

kidney, and liver. In some fry, the pyloric cecae and local tissue will have petechial 

hemorrhages. In fingerlings, petechial hemorrhages are often seen throughout the 

viscera (Wolf, 1988). 

Histopathologically, the most marked effect ofIPN infection is the necrosis of both 

the islet and, to a greater extent, the acinar regions of the pancreas. Affected acinar cells 

may show pyknotic nuclei and basophilic cytoplasmic inclusions. These inclusions are 

not true viral inclusions, but are composed of products of cellular breakdown and 

degeneration. Necrosis and sloughing of intestinal mucosa, and the congestion and 

necrosis of liver tissue has been observed in rainbow trout, Oncorhyncus myldss, fry 

(Sano, 1971). An acute enteritis has been observed to cause the exudate and casts seen 
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in the gut. Intra-abdominal adipose tissue may also show signs of necrosis and 

degeneration (McKnight and Roberts, 1976). 

BIO-CHEMICO-PHYSICAL PROPERTIES 

Based upon work showing that IPNV was an unenveloped, icosahedral, RNA virus, 

researchers first suspected that IPNV most closely resembled members of the reovirus 

family of viruses. It was later demonstrated that the biophysical and biochemical 

characteristics of IPNV warranted its inclusion in a new group of viruses, the 

birnaviruses (Dobos et al. 1979). Infectious bursal disease virus of gallinaceous birds, 

and Drosophila X virus are also included in the birnaviruses. 

The IPN virion is an unenveloped icosahedron measuring between 55 and 75 

nanometers, with 60 nanometers being the average size (Dobos and Roberts, 1983). The 

capsid is composed of 180 structural sub-units shared by 92 pentagonal and hexagonal 

cap somers (Hill, 1982). The virion contains two segments of double stranded RNA 

(Huang et al. 1986). The larger segment of the genome (segment A), is polycistronic, 

and encodes for a capsid protein, an internal virion protein, and a non-structural protein 

(Macdonald and Dobos, 1981). The smaller segment (segment B) encodes for the RNA 

dependent RNA polymerase. The buoyant density ofIPNV is 1.33 glml (Chang et al. 

1978). The molecular weight of the IPNV particle was determined to be 55 x 106 and 

estimated the molecular weight of the capsid to be 50.2 x 106 (Dobos et al. 1977). The 

8.7% difference in weight, of 4.8 x 106
, is the weight of the RNA portion of the virus. 

Structural polypeptides associated with the virion are divided into three size classes, 

(Dobos, 1996). The largest, VP1, has an approximate molecular weight of94 Kd, 

composes 4% of the total weight of the IPNV virion, and is suspected to be the RNA

linked polymerase. The medium sized polypeptide (VP2) has an approximate molecular 

weight of 54 Kd, comprises 62% of the total weight of the virion, and is thought to be 
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the major capsid protein. Two small polypeptides, with approximate molecular weights 

of31Kd (VP3) and 29 Kd (VP3a), are internal virion proteins. VP3a is probably cleaved 

from VP3 during virus maturation, and is not present in all of the IPNV serotypes. 

IPN is a relatively stable virus, and may be stored long term (years) if held at -20· C 

or lower. IPNV may be stored for up to four months at 4· C if the storage medium 

contains serum or other protein, and the pH is between 5 and 7. The virus is also readily 

lyophilized (Wolf et al. 1969). 

In susceptible cell cultures, IPN usually causes rapid, lytic, CPE, with yields of 

infectivity of 106 to 109 (Wolf, 1988). Cell lines can be persistently infected, and not 

show any CPE (Moewus and Sigel, 1963). Defective interfering particles are 

responsible for persistently infected cells (Hedrick and Fryer, 1981). 

HOST RANGE 

IPN disease designates the disease process, described earlier, associated with a 

birnavirus infection of susceptible salmonids. However, birnaviruses have been isolated 

from a wide range of aquatic hosts, both vertebrate and invertebrate. River's postulates 

have been fulfilled for some diseases caused by birnaviruses in non-salmonid, teleost 

hosts. These include turbot hematopoetic necrosis in Scophthalmus maximus (Castric et 

al. 1987), yellowtail ascites disease in Seriola quinqueradiata (Sorimachi and Hara, 

1985), eel nephritis in Anguilla anguilla and Anguilla japonica (Sano et al. 1981), 

spinning disease of menhaden in Brevoortia tyrranus (Stephens et al. 1983), and 

Japanese flounder ascites in Paralichthys olivaceus (Kusuda et al. 1989). Birnaviruses 

have been isolated from a number of other diseased and non-diseased teleost hosts, but 

in the cases where disease was noted, it is not known that the birnavirus was the 

responsible agent. Invertebrate hosts from which birnaviruses have been isolated 

include a variety of species within the families mollusca and crustacea (Hill, 1982). 
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Some of the bimaviruses isolated from other hosts can cause IPN disease in juvenile 

salmonids. The majority ofbimaviruses isolated from aquatic animals come from 

salmonids (Hill, 1982). 

SEROLOGY 

Among the first evidence indicating that IPNV may have more than one serotype 

was obtained when antibodies produced against the American Type Culture Collection 

VR-299 isolate ofIPNV were found to incompletely neutralize IPNV isolated from 

epizootics in France (Wolf and Quimby, 1971). 

MacDonald and Gower (1981) used reciprocal cross neutralization to serotype a 

number of IPNV isolates from fish and mollusks. All isolates tested were found to 

belong to one of three serotypes: I (West Buxton), II (Sp), and III (Ab). Some isolates 

from serotype I (Buhl, and VR-299) were found to have some variability in their 

sensitivity to antiserum, but were found to all belong to the same serotype. 

Reciprocal cross neutralization studies using ten isolates of IPNV and a bimavirus 

(EEV isolate) isolated from European eels, Anguilla anguilla, revealed the presence of 

three distinct serotypes of viruses (Okamoto et al. 1983). Group I contained all the 

isolates tested from North America, including Buhl, West Buxton, and VR-299. Group 

II consisted of three European isolates, including Sp. Group III consisted of the 

European isolates Ab, and EEV. 

The reciprocal cross-neutralization test was used to serotype nearly 200 different 

isolates ofbimaviruses from various aquatic hosts (Hill and Way, 1983; 1995). These 

studies confirmed the existence of the three previously known serotypes (WB, Sp, and 

Ab), and also provided evidence for six other, new, serotypes. These nine serotypes 

(three old and six new) constitute a major serogroup (serogroup A). The nine serotypes 

have been designated AI-A9, with Al = West Buxton (WB), A2 = Sp, A3 = Ab, A4 = 
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Hecht (He), AS = Tellina (Te), A6 = Canada 1 (Cl), A7 = Canada 2 (C2), A8 = Canada 

3 (C3), A9 = Jasper (Ja). Six other isolates were found to be serologically unrelated and 

constitute another serogroup (serogroup B). 

A panel of ten monoclonal antibodies prepared against IPNV was used to develop an 

immunodot assay for the presumptive serotyping of aquatic birnaviruses (Caswell-Reno 

et al. 1989). Using this method, researchers were able to distinguish four of the new 

serotypes proposed by Hill and Way (Ja, He, Te, and CI) from each other, as well as 

from the other two new serotypes (C2, and C3), and the original three serotypes (WB, 

Sp, and Ab). The type strains of the serotypes C2 and C3 could not be distinguished 

from each other. 

Christie et al. (1988) suggested the NI strain ofIPNV may belong to another 

serotype within serogroup A. Further analysis determined that the. N I strain and others 

like it belong to the Sp serotype (Melby and Christie 1994). 

Through the use of the 10 monoclonal antibodies used by Caswell-Reno et al. it was 

shown that subtypes exist within some serotypes, that differ slightly in their reaction 

patterns with the monoclonals. Three clearly demarcated subtypes exist within the Al 

serotype: West Buxton, Buhl, and VR-299. The A2 and A3 serotypes also contain 

several subtypes (Reno et al. 1994). 

VIRULENCE 

In order for a virus to be classified as virulent, it must have the ability to carry out a 

number of interactions with its host. A virus must be able to enter the host and 

overcome the hosts immune defense mechanisms, bind to and penetrate into the host 

cells, replicate, and finally weaken or destroy the cells that it infects. 

It has been shown in the Reoviridae, a virus family closely related to the 

birnaviridae, that virulence is associated with the three outer capsid proteins, all of which 
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have different functions. One protein binds to host cell tissue receptors, and determines 

cell and tissue tropism. A second protein is responsible for determining the capacity for 

viral replication within mucosal epithelium. The third protein is responsible for the 

inhibition of host cell RNA and protein synthesis. Mutations in the genes encoding for 

any of these proteins can lead to an alteration in function of the proteins, and thus the 

virulence of the reovirus (Fields and Greene, 1982). 

Through a series of reassortments of the IPNV genome from a virulent and a non

virulent strain it was found that virulence in IPNV is associated with the larger segment 

(segment A) of the genome (Sano et al. 1992). This demonstrated that in IPNV 

virulence is not associated with the RNA polymerase encoded by segment B. It is not 

known at this time how the functions of the three proteins encoded by segment A 

contribute to the virulence of IPNV. 

Virulence, by definition, is usually defined by the median lethal dose (LD 50) or 

median infectious dose (ID 50)' However, this method is often impractical for 

determining the virulence of large numbers of virus isolates. A number of researchers 

working with IPNV have used mortality as a measure of relative virulence. Hill and 

Dixon (1977) used percent mortality to determine relative virulence for different isolates 

of IPNV, and for comparing relative virulence ofIPNV after serial passage in three 

different cell lines. Silim et al. (1982) used percent mortality to compare the virulence 

of three IPNV isolates in salmonids of different species, and from different locations. 

Kohlmeyer et al. (1986) used percent mortality as a measure of the virulence of three 

IPNV isolates in rainbow trout. Sano et al. (1992) determined that segment A of the 

IPNV genome is responsible for virulence, and compared the relative virulence of the 

recombinants by the percentage mortality they caused in two week old rainbow trout fry. 

Sano et al. (1994) determined that IPNV plaque size is dependent on the RNA segment 

A, and that plaque size is not related to virulence. Relative virulence of the isolates used 

in the study was determined by comparing percent mortality in 0.16 gram rainbow trout 
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fry. McAllister and Owens (1995) compared the relative virulence of 28 different 

isolates of IPNV by comparing the percent mortality seen as a result of exposure to the 

isolates in 42 day old brook trout. 

Host Factors 

Many factors affect the severity of disease caused by IPNV. Among salmonid 

species there are marked differences in susceptibility to IPNV (Hill, 1982). It has been 

shown that brook trout (Salvelinus fontinalis ) are more susceptible to IPNV than 

rainbow trout (Oncorhynchus mykiss ), which are more susceptible than lake trout 

(Salve linus naymakush ) (Silim et al. 1982). Hill (1982) felt that general observations 

alone made it clear that brook trout, rainbow trout, and amago trout (Oncorhynchus 

rhodurus), from Japan, were the species most susceptible to IPN disease. Differences in 

susceptibility to IPNV among trout of the same species (both brook trout and rainbow 

trout), but from different locations, have also been noted (Silim et al. 1982). 

In a typical epizootic oflPN, it has been observed that the largest most healthy 

appearing fish usually show clinical signs first (Wolf, 1966). 

Fish age is also an important factor affecting susceptibility to IPNV. IPN related 

mortality in brook trout fry has been found to decrease with fish age (Frantsi and Savan, 

1971). When exposed to IPN-Pem-PI at 10 0 C, brook trout fry of one month of age 

experienced 83% mortality, fry of two months of age experienced 74% mortality, fry of 

four months of age experienced 45% mortality, and fry of six months of age experienced 

negligible mortality. When rainbow trout fry were exposed to an IPNV isolate of 

serotype Sp, a nearly linear decrease in mortality was observed with increasing age of 

the fry, The fry were no longer susceptible to IPNV related mortality after 20 weeks of 

age (Dorson and Torchy, 1981). Rare cases oflPN disease have been observed in 

yearling trout (Elazhary et al. 1976). An outbreak ofIPN disease, concluded to be due to 
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stress reactivation, was reported in 6-11 month old rainbow trout which had survived an 

outbreak oflPN as fry (Roberts and McKnight, 1976). In net pen culture in Norway 

IPNV has been found to cause significant losses in Atlantic salmon smolts (Krogsrud, 

1989). 

Enyironmental Factors 

Water temperature is another factor affecting the development oflPN disease. 

Following exposure of two month-old brook trout fry to IPN-Pem-PI strain, cumulative 

mortalities of 74% at 10 0 C, 46% at 15.5 0 C, and negligible mortalities at 4.5 0 C were 

observed (Frantsi and Savan, 1971). When IPNV VR-299 was used under the same 

conditions, cumulative mortalities of 31 % were seen at 15.5 0 C, and negligible 

mortalities were seen at 4.5 0 and 10 0 C. The authors suggested that low water 

temperatures in some Canadian hatcheries may be responsible for the low mortalities 

seen despite IPNV infections. Three week old rainbow trout fry exposed to 104 pfu/ml 

of an Sp type isolate of IPNV experienced close to 100% mortality in 50 days when held 

at 10 0 C. Fry held at 5.5 0 C experienced ~40% mortality after 60 days, and those held 

at 16 0 C reached a peak mortality of ~35% in 40 days (Dorson and Torchy, 1981). The 

authors felt that susceptibility to IPNV was directly related to degree-days that had 

elapsed since hatching. Rainbow trout fry averaging 0.13 grams in body weight were 

exposed to 105 TCIDsolml of a Buhl isolate of IPNV in water, and held at 5 0 10 0 15 0, , , 

and 20 0 C (Okamato et al. 1987). Fry held at 5 0 C experienced low or no cumulative 

mortality. Those fry held at 10 0 15 0 and 20 0 C experienced similar cumulative , , 

mortality levels of ~70%. However, fry held at 20 0 C experienced the most acute 

mortality pattern, with almost 50% of the mortalities occurring on the first day of 

mortalities. Daily mortalities tended to start later, to be lower in the fry held at 10 0 and 

15 0 C, and occurred for longer periods of time. 
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It has been observed that a reduction in population density of hatchery reared 

rainbow trout can reduce the number of mortalities associated with an outbreak of IPN 

(Jorgensen and Bregnballe, 1969). Overcrowding was demonstrated to lead to a 

depression of the immune response to IPNV (Perlmutter et al. 1973). 

Inoculative quantity of IPNV has been shown to affect the outcome of an IPNV 

infection. Rainbow trout fry averaging 0.13 grams in body weight were exposed to 

varying concentrations of a Buhl isolate of IPNV in water (Okamoto et al. 1987). Fry 

were exposed to 105, 104
, 103

, 102
, and 101 TCIDsoiml. of the virus. Cumulative 

mortalities were, respectively, 92, 84, 80, 51, and 26%. Cumulative mortality of control 

fish was 6%. When the experiment was repeated with fish averaging 0.26 grams body 

weight, cumulative mortalities were, respectively, 61, 38, 26, 0, and 0%. Cumulative 

mortality of control fish was 2%. Daily mortalities became lower, peak mortality was 

delayed, and deaths of fry continued longer as the inoculative quantity of IPNV was 

decreased. 

EPIZOOTIOLOGY 

Transmission of IPNV occurs both through vertical and horizontal transmission. 

During epizootics of IPN virus is shed in the feces and urine, and can accumulate to high 

concentrations in the water (Wolf, 1988). Water containing infected fish was found to 

have greater than 105 TCIDsoiLiter of IPNV during an epizootic (Desautels and 

MacKelvie, 1975). Horizontal transmission is thought to occur mostly through ingestion 

and contact with the gills (Wolf, 1988). As IPNV is resistant to inactivation in the 

environment, fomites are probably capable of transmitting the disease. 

A variety of animals have been found to carry IPNV and shed the virus for periods of 

time. Several species of mammals and birds were exposed to IPNV, and the virus was 

subsequently isolated from feces one week after exposure (Sonstegard et al. 1972). 
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Crayfish (Astacus astacus) were found to carry and shed IPNV for a period of six 

months, even though there was no evidence of viral replication within the crayfish 

(Halder and Ahne, 1988). Horizontal transmission of IPNV from the crayfish to 

susceptible trout eggs was achieved. 

Vertical transmission of IPNV has been demonstrated (Wolf et al. 1968). IPNV was 

transmitted to a previously uncontaminated hatchery when fertilized brook trout eggs 

were transferred to the facility from an IPNV contaminated hatchery, even when the 

eggs were treated with an iodophor (Bullock et al. 1976). 

Most survivors of an IPN epizootic become carriers of the virus, probably for life, 

and continue to excrete varying amounts of virus in their feces and in their seminal and 

ovarian fluids during spawning (Hill, 1982). Increases in circulating antibody have been 

found to correspond with a decrease in the amount of virus present in the tissues of 

brook trout and rainbow trout (Yamamoto, 1975). However, no correlation was found 

between neutralizing antibody titers and virus titers in the organs of trout (Reno et al. 

1978). It has been suggested that the ability of IPNV to persist in the carrier state in 

trout may be due in part to the production of defective interfering particles (Hedrick et 

al. 1978). 

IMMUNITY AND VACCINATION 

It has been demonstrated that adult brook trout and rainbow trout experimentally 

infected with IPNV are able to produce a humoral immune response with high levels of 

neutralizing antibody (Wolf and Quimby, 1969). The neutralizing antibody was found 

to be an IgM-like immunoglobulin (Vestergard Jorgensen, 1973). 

Rainbow trout which have never been exposed to IPNV have, in their serum, a non

immunoglobulin molecule with a 6S sedimentation coefficient that has some anti-IPNV 

activity (Dorson and DeKinkelin, 1974; Hill and Dixon, 1977). This molecule could 
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have some protective effect against IPNV. After a relatively low number of serial 

passages in tissue culture, virulent IPNV develops a sensitivity to neutralization to this 

molecule, which has a 6S sedimentation coefficient, and at the same time becomes 

avirulent for trout fry (Dorson et al. 1975; 1978). This attenuated virus is known as cell 

culture adapted (CCA) virus. This change to avirulence is not permanent, and can be 

suppressed or reversed by growing the virus in the presence of normal trout serum (Hill 

and Dixon, 1977). Rainbow trout fry exposed to CCA virus were not protected against 

subsequent challenge with virulent virus of the same serotype (Dorson, 1977). Further 

studies have shown that exposure of adult trout by intraperitoneal injection with CCA 

virus from naturally virulent or avirulent strains of IPNV does not result in the 

production of neutralizing antibody. Exposure of adult trout by intraperitoneal injection 

to the same virulent and avirulent strains oflPNV in their non-CCA form results in high 

levels of neutralizing antibody (Hill et al. 1980). 

Preliminary results of vaccination with formalin and 13-propiolactone inactivated 

IPNV showed promise in protecting rainbow trout fry from IPNV related mortality 

(Dorson, 1977; Hill et al. 1980). However, further investigation into the use of 

inactivated vaccines failed to confirm these results. Promising results were obtained 

when an avirulent, live strain oflPNV (strain 74/53) was delivered by hyperosmotic 

infiltration to six week old rainbow trout fry (Hill et al. 1980). Mortalities varied 

between 25% and 75% difference from the control fry. 

Intraperitoneal injection with inactivated IPNV, of adult fish used as broodstock, is 

useful in preventing infection of adult fish with IPNV (Dorson, 1988). However, this 

procedure would be unlikely to eliminate carriers of IPNV as it has been shown that 

trout can remain carriers oflPNV despite high titers of circulating antibody. It has also 

been shown there is no transfer of immunity to IPNV from mother to fry (Dorson, 1988). 
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Wolf (1988) felt that survivors of an IPN epizootic may be protected from 

subsequent infection with IPNV from the same serotype, but not necessarily against 

IPNV from other serotypes. 

Adult brook trout mounted a strong humoral immune response after vaccination with 

inactivated IPNV in Freund's complete adjuvant (Bootland et al. 1995). However, 

vaccination did not prevent the fish from becoming carriers and shedding IPNV in the 

feces and reproductive products. 
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CHAPTER 3 


VIRULENCE CHARACTERISTICS OF SEROGROUP A INFECTIOUS 

PANCREATIC NECROSIS VIRUS (IPNV) IN BROOK TROUT, SALVELINUS  

FONTINALIS, FRY 

INTRODUCTION 

Infectious pancreatic necrosis virus (lPNV) was first isolated in North America from 

brook trout, Salve linus fontinalis, and has since been isolated from a variety of salmonid 

and non-salmonid species (Wolf, 1988). The IPN virus is now recognized as having an 

almost world-wide distribution (McAllister, 1995). 

IPNV has the potential to cause a high mortality in salmonid fry and fingerlings, and 

occasionally in older fish. In a typical epizootic, the largest fry or fingerlings are the 

first affected (Wolf, 1966). Fry with IPN typically show anorexia and a whirling 

swimming behavior alternating with prostration. External signs of IPN include an 

overall darkening of the infected fish, mild to moderate exophthalmia, abdominal 

distention, pale gills, and petechial hemorrhages on the ventral areas of the body. Many 

fish will also trail a white, cast-like excretion from their vent (Wolf, 1988). 

Based upon work showing that IPNV was an unenveloped, icosahedral, RNA virus, 

researchers first suspected that IPNV most closely resembled members of the reovirus 

family of viruses. It was later shown that the biophysical and biochemical characteristics 

oflPNV warranted its inclusion in a new family of viruses, the birnaviruses (Dobos et al. 

1979). 
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Among the first evidence indicating that IPN viruses may belong to more than one 

serotype was that obtained by Wolf and Quimby (1971) when they found that antibodies 

produced against the American Type Culture Collection VR-299 isolate oflPNV 

incompletely neutralized IPNV isolated from epizootics in rainbow trout, in France. 

The reciprocal cross neutralization test was used to serotype a number of IPNV 

isolates from fish and mollusks (MacDonald and Gower, 1981). All isolates tested were 

found to belong to one of three serotypes: I (West Buxton), II (Sp), and III (Ab). Some 

isolates from serotype I (Buhl, and VR-299) were found to have some variability in their 

sensitivity to antiserum, but were found to all belong to the same serotype. 

In reciprocal cross neutralization studies using ten isolates of IPNV and a birnavirus 

(EEV isolate) isolated from European eels (Anguilla anguilla) the presence of three 

distinct serotypes of viruses were revealed (Okamoto et al. 1983). Group I contained all 

the isolates tested from North America, including Buhl, West Buxton, and VR-299. 

Group II consisted of three European isolates, including Sp. Group III consisted of the 

European isolates Ab, and EEV (Okamoto et al. 1983). 

The reciprocal cross-neutralization test was used to serotype nearly 200 different 

isolates of birnaviruses from various aquatic hosts (Hill and Way 1983; 1995). These 

studies confirmed the existence of the three previously known serotypes (WB, Sp, and 

Ab), and also provided evidence for six other, new, serotypes. These nine serotypes 

(three old and six new) are thought to constitute a major serogroup (serogroup A). The 

nine serotypes within this serogroup have been designated AI-A9, with Al = West 

Buxton (WB), A2 = Sp, A3 = Ab, A4 = Hecht (He), A5 = Tellina (Te), A6 = Canada 1 
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(CI), A7 = Canada 2 (C2), A8 = Canada 3 (C3), A9 = Jasper (Ja). Six other isolates 

were found by cross neutralization to be serologically unrelated and constitute another 

serogroup (serogroup B). 

A panel of ten monoclonal antibodies prepared against IPNV has been used to 

develop an immunodot assay for the presumptive serotyping of aquatic bimaviruses 

(Caswell-Reno et al. 1989). Using this method, researchers were able to distinguish four 

of the new serotypes proposed by Hill and Way (Ja, He, Te, and Cl) from each other, as 

well as from the other two new serotypes (C2, and C3), and the original three serotypes 

(WB, Sp, and Ab). The type strains of the serotypes C2 and C3 could not be 

distinguished from each other. 

Within a given serotype several subtypes may exist that differ slightly in their 

reaction with the ten monoclonal antibodies used by Caswell-Reno et al. (Reno et al. 

1994). Three clearly demarcated subtypes exist within the Al serotype: West Buxton, 

Buh!, and VR-299. The A2 and A3 serotypes also contain several subtypes. 

In order for a virus to be classified as virulent, it must have the ability to carry out a 

number of interactions with its host. A virus must be able to enter the host and 

overcome the host's immune defense mechanisms, bind to and penetrate into the host 

cells, replicate, and finally weaken or destroy the infected cells. 

Virulence, by definition, is usually defined by the median lethal dose (LDso) or 

median infectious dose (IDso). However, this method is often impractical for 

determining the virulence of large numbers of virus isolates. A number of researchers 

working with IPNV have used mortality as a measure of relative virulence. Hill and 
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Dixon (1977) used percent mortality to determine relative virulence for different isolates 

oflPNV, and for comparing relative virulence oflPNV after serial passage in three 

different cell lines. Silim et al. (1982) used percent mortality to compare the virulence 

of three IPNV isolates in salmonids of different species, and from different locations. 

Kohlmeyer et al. (1986) used percent mortality as a measure of the virulence of three 

IPNV isolates in rainbow trout. Sano et al. (1992) determined that segment A of the 

IPNV genome is responsible for virulence, and compared the relative virulence of the 

recombinants by the percentage mortality they caused in two week old rainbow trout fry. 

Sano et al. (1994) determined that IPNV plaque size is dependent on the RNA segment 

A, and that plaque size is not related to virulence. Relative virulence of the isolates used 

in the study was determined by comparing percent mortality in 0.16 gram rainbow trout 

fry. McAllister and Owens (1995) compared the relative virulence of28 different 

isolates of IPNV by comparing the percent mortality seen as a result of exposure to the 

isolates in 42 day old brook trout. 

While there is some mention in the literature that isolates of the A2 (Sp) serotype of 

IPNV appear to be of moderate to high virulence, and that isolates of the A3 (Ab) 

serotype are oflow virulence (Hill, 1982; Wolf, 1983) there is relatively little 

information regarding the virulence characteristics ofmany of the other serotypes and 

subtypes of IPNV. 
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OBJECTIVES 

The objectives of this study were: 1) to determine the virulence of IPNV isolates 

within the subtypes most prevalent in the Pacific Northwest Region of the United States 

(subtypes Buhl, VR-299, West Buxton, and Jasper), using mortality, IPNV titer, and 

clinical signs ofIPN as indicators of virulence, 2) to determine if virulence ofIPNV is 

related to the subtype to which an isolate belongs, and 3) to determine if virulence of 

IPNV is related to the presence of specific epitopes, or monoclonal antibody binding 

sites. 

METHODS AND MATERIALS 

Brook trout (Salve linus fontinalis) were used as the experimental animal for all 

virulence experiments, as suggested by McAllister (1995). Brook trout were obtained 

from the Wizard Falls fish hatchery in Camp Sherman, Oregon. Fish were obtained as 

swim up fry at approximately 11 weeks post-hatch. Wizard Falls fish hatchery has been 

free ofIPNV since an epizootic occurred in 1975. Until the start of the virulence 

experiments, brook trout fry were held in 200 liter tanks, supplied with dechlorinated 

water from the City of Newport, Oregon municipal water supply. The fry were fed a 

commercial trout starter ration 5-6 times each day. Tanks were cleaned and any 

mortalities were removed on a daily basis. In order to verify that the brook trout fry 

were not carrying any IPNV, or other viruses that would cause a cytopathic effect in 

CHSE-214 cells (Lannan et aI, 1984),60 of the brook trout fry were euthanized with 

MS-222 and processed for virus isolation. The fry were processed as five fish groups. 
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Fry were homogenized in a 1: 1 ratio of fish: balanced salt solution (BSS), using a 

"stomacher" (Col worth, Cincinnati, Ohio). The homogenate was centrifuged, and 

filtered through a 0.45Jlm filter. The filtrate was diluted 1:5 in Eagle's minimum 

essential medium (MEM) supplemented with 10% fetal bovine serum (Hyc1one 

Laboratories, Inc., Provo, Utah). One ml. of the diluent was inoculated into each of two 

wells of a 24 well plate containing 80-90% confluent CHSE-214 cells. Cells were 

observed daily for two weeks. No visible signs of cytopathic effect (CPE) were seen at 

any time. 

Virus and Cell Culture 

In this study, 69 isolates ofIPNV were tested for their virulence in brook trout. 

Virus isolates came from a broad geographic area, but those from the Pacific Northwest 

were emphasized (Table 3.1). The isolates from the Pacific Northwest fell into four 

subtypes, the Buhl, VR-299, West Buxton, and Jasper subtypes. Isolates from Idaho 

were obtained from the Idaho Department of Fisheries and Wildlife. Isolates from 

Oregon were obtained from the Oregon Department ofFish and Wildlife. All virus 

isolates were assembled at the Laboratory for Fish Disease Research, at the Hatfield 

Marine Science Center in Newport, Oregon. 

All virus isolates were propagated in CHSE-214 cells. CHSE-214 cells were 

propagated in Eagles' minimum essential medium (MEM) supplemented with 10% fetal 

bovine serum using procedures described by Lannan (1994). 

All IPNV isolates that had been through more than five cell culture passages from 

primary isolation in an animal host were passed through live, 8-9 month old IPNV free 
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Table 3.1. Description of aquatic bimavirus isolates used in the virulence experiments. 
Host Species, Origin, and Diseased? refer to the species and location from which the 
isolate was first isolated, and whether the host displayed clinical signs attributable to 
IPNV. O. = Oncorhynchus, S. = Salvelinus, A. = Anguilla, Ox. = Oxyeleotris, and B. = 
Brevoortia, and? = unknown. 

Isolate Subtype Serotype Host Species Origin Diseased? 
89-200 Buhl Al 0. mykiss Idaho No 
89-237 Buhl Al 0. mykiss Idaho No 
89-238 Buhl Al 0. mykiss Idaho No 
90-11 Buhl Al 0. mykiss Idaho No 

90-236 Buhl Al 0. clarkii Idaho ? 
90-76 Buhl Al 0. mykiss Idaho No 
91-63 Buhl Al 0. mykiss Idaho No 

91-114 Buhl Al 0. mykiss Idaho No 
91-137 Buhl Al 0. mykiss Idaho No 

93-3 Buhl Al 0. nerka Idaho No 
93-5 Buhl Al 0. nerka Idaho ? 

93-507 Buhl Al 0. mykiss Idaho No 
93-7 Buhl Al 0. nerka Idaho No 

94-021 Buhl Al 0. mykiss Idaho No 
94-187 Buhl Al 0. mykiss Idaho Yes 
Buhl Buhl Al 0. mykiss Idaho Yes 

Crayfish Buhl Al Astarus astarus Idaho No 
CSF-"old" IPNV Buhl Al 0. mykiss Idaho ? 

CSF -009-94-3 Buhl Al 0. mykiss Idaho Yes 
CSF-035-85 Buhl Al 0. mykiss Idaho Yes 
CSF-064-93 Buhl Al 0. mykiss Idaho Yes 
CSF-183-82 Buhl Al 0. mykiss Idaho No 
CSF-I9I-77 Buhl Al 0. mykiss Idaho ? 
CSF-266-89 Buhl Al 0. mykiss Idaho No 

Domsea Buhl Al 0. mykiss Idaho No 
H VAT9-IO-86 Buhl Al S. mafma Idaho ? 

Idaho PO Buhl Al 0. mykiss Idaho Yes 
Mojave Buhl Al 0. mykiss Nevada Yes 

mv-94-I67 Buhl Al 0. mykiss Idaho No 
Stoddard Buhl Al 0. mykiss California Yes 

86-Q VR-299 Al ? ? ? 
Berlin VR-299 Al S. fontinalis N. Hampshire Yes 

CL-2I4 VR-299 Al 0. kisutch Oregon No 
Coho VR-299 Al 0. kisutch Oregon No 
CTT VR-299 Al 0. clarkii Oregon No 
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Table 3.t, Continued. 

Isolate Subtype Serotype Host Species Origin Diseased? 
Lava Lake Clone VR-299 At S. fontinalis Oregon No 

Menhaden VR-299 Al B. tyrranus Maryland Yes 
Oswayo VR-299 Al S. fontinalis Pennsylvania Yes 

Pelton Dam VR-299 Al 0. tsawytscha Oregon No 
Rhode Island VR-299 Al S. fontinalis Rhode Isfand ? 
Roaring River VR-299 At 0. mykiss Oregon No 

WF75 VR-299 Al 0. mykiss Oregon Yes 
92-429 West Buxton Al 0. mykiss Idaho No 
93-321 West Buxton Al 0. mykiss Idaho No 
93-330 West Buxton Al 0. clarkii Idaho Yes 
94-158 West Buxton At 0. clarkii Idaho No 
94-273 West Buxton Al 0. clarkii Idaho No 

Sawtooth West Buxton At 0. clarkii Idaho ? 
West Buxton West Buxton Al S. fontinalis Maine No 

NC-33 Sp A2 Safmo safar Norway Yes 
NH-44 Sp A2 Safmo safar Norway No 

Sp Sp A2 0. mykiss Denmark Yes 
Ab Ab A3 0. mykiss Denmark Yes 

EVE Ab A3 A. anguilla Japan Yes 
SGV Ab A3 Ox. marmoratus Thailand No 
Hecht Hecht A4 Esox fucius Gennany No 

AS Canada 1 A6 Sa/mo safar Canada No 
Canada I Canada I A6 Safmo safar Canada No 

Doug Ramsey Canada 1 A6 Safmo safar Maine No 
Canada 2 Canada 2 A7 0. mykiss Canada No 
Canada 3 Canada 3 A8 S. afpinus Canada No 
92-326 Jasper A9 S. fontinalis Idaho No 
94-434 Jasper A9 0. mykiss Idaho No 
94-435 Jasper A9 0. clarkii Idaho Yes 
94-445 Jasper A9 ? Idaho ? 
94-446 Jasper A9 S. fontinalis Idaho No 

CTH 9/86 Jasper A9 0. clarkii Idaho ? 
Jasper Jasper A9 S. fontinalis Canada Yes 
WI7 Jasper A9 0. tshawytscha Idaho ? 
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brook trout, and re-isolated. The 8-9 month old brook trout were exposed to 105 

TCIDsolml of the virus for 5 hours, as described in McAllister and Owens (1986; 1995). 

Signs of disease did not occur in these brook trout, but IPNV titers from kidney samples 

showed that viral replication had occurred. Re-isolation of the WF-75, Berlin, RI, Sp, 

Canada 2, and Jasper isolates from the 8-9 month old brook trout was not accomplished. 

Therefore these viruses were more than five cell passages from isolation from an animal 

host when used in the virulence experiments. All IPNV isolates were cloned by 

terminal dilution. Cloned isolates were passaged on CHSE-214 cells and titered by 

terminal dilution. Isolates were stored at _700 C for a maximum of three months 

between harvest and use in the virulence experiments. 

Virulence Experiments 

Approximately 100 fish, at 12 weeks post-hatch and weighing about 0.07 grams in 

the first experiment, and at 16 weeks post-hatch and weighing about 0.20 grams in the 

second experiment, were randomly placed in 72 identical two liter tanks containing one 

liter of water. After acclimating the fish to the tanks for a period of one day, virus was 

added to 69 of the tanks to yield a final concentration of 105 TCIDsoiml. The three 

remaining tanks of fish were utilized as controls and were exposed to an equivalent 

amount of MEM supplemented with 10% fetal bovine serum. Fish were exposed to the 

virus for five hours, as described in McAllister and Owens (1995). 

The fish were fed and the tanks cleaned and checked for mortalities on a daily basis. 

Water was supplied to each tank at a rate of approximately 200 mlfminute, which was 

calculated to be well within the carrying capacity for the five grams of fish in each tank 

during the first experiment, and the 14 grams of fish in each tank during the second 
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experiment (Brown and Gratzek, 1980). Water temperature averaged 11°C during both 

experiments. Daily mortalities were frozen and stored at -70°C., for titering at a later 

date. All viruses were quantified within two months of the end of the experiment. 

Samples for titration consisted of whole fry. Fry were homogenized using a 

"stomacher", and titered by terminal dilution in 96 well microtiter plates with barely 

confluent mono layers ofCHSE-214 cells. A random sample of20 isolates was passaged 

once in CHSE-214 cells, and re-subjected to the immunodot procedure in order to check 

for possible cross contamination between tanks, and verify that the viruses isolated from 

the fish used in the experiments were not contaminated. All 20 isolates were verified as 

having the same immunodot pattern they exhibited prior to the experiments. 

EnzYme Immunodot Assay 

An enzyme immunodot assay (EID) was performed on all IPNV isolates prior to use 

in these experiments in a manner similar to the procedure described in Caswell-Reno et 

aI. (1989). All virus preparations for EID consisted of infected-cell culture supernatants 

clarified by centrifugation at 100xg for ten minutes. A 9x 12 em sheet of 0.45 Ilm pore 

nitrocellulose (Bio-Rad, Hercules, California) was soaked in Tris-buffered saline (TBS) 

(8.0 grams NaC!, 0.2 grams KCI, and 3.0 grams ofTris base in 800ml of distilled water 

with pH adjusted to 7.5 with 1.0M HCI or NaOH, and then volume adjusted to one liter 

with distilled water.) and loaded into a 96 well enzyme immunodot (dot-blot) apparatus 

(Bio-Rad). One hundred III aliquots of each virus isolate were loaded into each 

horizontal row of 12 wells on the dot-blot apparatus. All virus samples contained a 

minimum titer of 107 TC1D501mI. of virus. The virus samples were then drawn through 

the nitrocellulose membrane using a vacuum pump. Unbound sites on the nitrocellulose 

membrane were blocked by adding 100 III of 3% bovine serum albumin (BSA) to each 

well and allowing it to remain for 30 minutes. The remaining BSA was then aspirated 
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from the wells, and the wells were rinsed three times with 200 JlI ofTBS. Then, 100 JlI 

aliquots of each hybridoma cell culture supernatant (MAb) were added to each well on 

the dot blot apparatus, as appropriate. The MAb remained in the wells for 60 minutes, 

after which the remaining MAb was drawn through the membrane with a vacuum pump. 

The wells were rinsed three times with 200 JlI of TBS. Then, 100 JlI of a 1: 1 000 dilution 

of goat anti-mouse immunoglobulin conjugated with horseradish peroxidase was added 

to each well and drawn through the membrane by vacuum. The wells were rinsed twice 

with 200 JlI ofTBS. The nitrocellulose membrane was removed from the dot-blot 

apparatus, rinsed once more in TBS, and incubated with substrate (1.7 ml of 0.3% 4

chloro-naphol in 100% methanol, 100JlI of3% hydrogen peroxide, and 8.2 ml ofTBS). 

Positive reactions were indicated by a purple color developing in 2-15 minutes. To 

confirm positive reactions two types of negative controls were used. The antigen control 

was uninfected CHSE-214 cell culture supernatant. The monoclonal antibody control 

was a known birnavirus negative MAb (EO) used at concentrations similar to the 

birnavirus-specific MAbs. Table 3.2 lists the monoclonal antibodies and some of their 

general characteristics. 

All viruses used in these experiments exhibited a specific reaction pattern with the 

monoclonal antibody library (Appendix A). All IPNV isolates yielded positive reactions 

to the AS-l and E5 MAbs. As there was no variability among the isolates for these 

MAbs, they are not listed. Also note that the WI and W2 MAbs yielded the same 

reaction for all of the IPNV isolates, so they are listed under one column. 

Virulence Assessment 

In their assessment of virulence, McAllister and Owens (1995) classified IPNV 

isolates into categories based upon the amount of mortality attributable to IPNV. These 

categories were 1) avirulent to weakly virulent, 2) mid-range virulence, and 3) highly 
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Table 3.2. Characteristics of the monoclonal antibodies used for infectious pancreatic 
necrosis virus (IPNV) isolate characterization. The monoclonal antibodies (MAb's) 
were prepared against the IPNV isolates, AS, West Buxton, and EVE. The AS, West 
Buxton (WB), and EVE isolates belong in the A6, AI, and A3 serotypes, respectively, of 
IPNV. Bound MAb's may (yes) or may not (no) neutralize the IPN virus. VP-3 and 
VP-2 are capsid proteins on which the epitopes (MAb binding sites) reside. 

IPNV Monoclonal Antibody (MAb) 
Characteristic AS-I WI W2 W3 W4 WS EI E2 E3 ES E6 
Isolate to which 

MAb was prepared AS WB WB WB WB WB EVE EVE EVE EVE EVE 
Serotype to which 
MAb was prepared A6 Al Al Al Al Al A3 A3 A3 A3 A3 

Neutralizes 
IPNV? Yes No No Yes Yes No No No Yes No No 

Epitope on virus 
protein VP-2 VP-2 VP-2 VP-2 VP-2 VP-3 VP-3 VP-3 VP-2 VP-3 VP-3 
Class of 

immunoglobulin IgG IgG IgG IgG IgG IgG IgG IgG IgG IgG IgG 

virulent. McAllister and Owens gave no guidelines by which they classified the virus 

isolates into these groups, but it appeared that virus isolates causing mortalities of less 

than 20-25 % were classified as low virulence, virus isolates causing greater than 75

80% mortality were classified as high virulence, and those in between were classified as 

moderately virulent. 

Three parameters related to the virulence of IPNV were collected for each IPNV 

isolate used in the experiments. For the purposes ofthis study, virus isolates were 

classified as either avirulent or virulent for each of these parameters. 

The first parameter was the percent mortality observed in the brook trout fry during 

the experimentally induced IPN epizootic. For this parameter, isolates were classified as 

avirulent if the brook trout that were exposed to the isolate exhibited a percent mortality 
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equal or less than the upper 95% confidence level for the control fish mortalities, and 

virulent if they exhibited a percent mortality greater than the upper 95% confidence level 

for the control fish mortalities. Use of the upper 95% confidence interval of the control 

mortalities as the cut-off for virulence ensured that all of the virus isolates designated as 

virulent had levels of mortality associated with them that were significantly greater than 

the levels of mortality seen in the controls. Using this cutoff provided a conservative 

estimate of virulence. The upper 95% confidence level of mortality for the negative 

control 12-15 week old brook trout is 63.3%. The upper 95% confidence level of 

mortality for the negative control 16-20 week old brook trout is 48.0%. Mortalities from 

the first three days of each experiment were not considered to be attributable to IPNV, so 

these mortalities were deducted from both the total mortalities and the total number of 

fish in each group. 

The second parameter was the presence or absence of clinical signs of IPN observed 

in the brook trout fry during the course of the experiments. For this parameter, virus 

isolates were classified as avirulent if no clinical signs of IPN were observed in the 

brook trout exposed to the isolate throughout the entire course of the experiment. Virus 

isolates were classified as virulent if clinical signs ofIPN (e.g. whirling behavior, 

darkening of body, lethargy, fecal casts) were observed at any time throughout the 

experiment, in brook trout exposed to the isolate. 

The third parameter was the IPNV titer (TC1Dsolml) taken from entire brook trout fry 

at the time of peak mortality as recorded for each isolate. Using a statistical model 

relating mortality with virus titer, virus titer cut-off levels were calculated that 

corresponded with the upper 95% confidence level of mortality observed in the control 

brook trout. This was accomplished by inserting the percent mortality into the model 

relating percent mortality to IPNV titer, and solving for the virus titer. For the 12-15 

week old brook trout this titer level was 10s.6 TC1Dsoiml. For the 16-20 week old brook 

trout this titer level was 106
.
5TCID501ml. Virus isolates were classified as avirulent if 



30 

the virus titer obtained from brook trout exposed to the virus isolate was less than or 

equal to the cut-offlevel. Virus isolates were classified as virulent if the virus titer 

obtained from brook trout exposed to the isolate was greater than the cut-off level. 

Each virus isolate was scored for virulence. One point was given for each parameter 

for which the virus isolate was classified as virulent. Zero points were given for each 

parameter that was classified as avirulent. This allowed a range of 0-3 points for each 

virus isolate for each experiment, with zero being the least virulent and 3 being the most 

virulent. Points from each experiment were also combined, giving a total score for 

virulence of 0-6, with zero again being the least virulent, and 6 being the most virulent. 

Isolates were classified as avirulent if total virulence scores were 0 out of 6. Isolates 

were classified as of low virulence if they received total virulence scores greater than 0, 

and less than or equal to 2.0. Isolates were classified as of moderate virulence if they 

received total virulence scores greater than 2.0, and less than or equal to 4.0. Isolates 

were classified as highly virulent if they received total virulence scores greater than 4.0. 

Statistical Models 

All statistical analyses were carried out using the generalized linear modeling (GLM) 

program GLMStat 2.0.3 (K.J. Beath' Belmont, Australia). All statistical models were 

arrived at through the use of a forward, stepwise, logistic regression procedure using an 

approximate F -statistic to gauge the significance of drops in deviance. 
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RESULTS 

General Overview of Epizootics 

No clinical signs ofIPN were observed in any of the control (unexposed) brook trout 

during the course of either of the two virulence studies. Also, no detectable IPNV was 

isolated from any of the control brook trout mortalities from either experiment (Table 

3.3). There were, however, fish mortalities in control groups. An increased level of 

mortality of 12-15 week-old brook trout occurred in the initial days of the first 

experiment (days 1-3) in all groups (both exposed and controls) (Figure 3.1). Because of 

these high initial mortalities, elevated chlorine levels were suspected in the water 

supplying the brook trout. The chlorine level of the water supplying the brook trout 

tanks was checked and a measurable amount of chlorine (O.02ppm e12) was detected. 

Therefore, the mortality peaks during days 1-3 (Figure 3.1) are probably due to toxic 

chlorine levels in the water and are not a result of IPNV exposure. The chlorine problem 

was immediately remedied as best possible, and chlorine levels dropped to an 

undetectable level. Fish mortalities declined on days 4 -6 (Figure 3.l), further supporting 

the chlorine explanation. 

A second increase in mortality occurred on days 7-9 of the first experiment, with 

peak mortalities on day 8 (Figure 3.1). This second mortality peak, like the first peak, 

also occurred in both inoculated and control groups of fish. However, this second peak, 

unlike the first peak, occurred while dying fish in the IPNV exposed groups displayed 

clinical signs of lPN, and therefore, most of the mortalities that occurred during this time 
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Table 3.3. Description ofvirulence ofIPNV isolates and subtypes in two ages of brook 
trout. Virulence is described as the proportion offish mortality (% Mort.), the presence 
(yes) or absence (no) of clinical signs ofIPN (Clinical?), and the loglOTCIDsolml (Titer) 
during peak mortality (titers <1.5 are marked with a dash). Isolates that had been 
passed more than 5 times in cell culture prior to virulence experiments are marked with 
an *. Control fish (Isolate type is "Control") were not exposed to an IPNV isolate (n/a = 
not applicable). Subtype WB = West Buxton. 
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Table 3.3 

12-15 W~eks-Qld 16-20 W ~~ks-Qld 
Isolate Subtype %Mort. Clinical? Titer %Mort. Clinical? Titer 
Control n/a 32.6 no 18.6 no 
Control n/a 35.4 no 18.9 no 
Control n/a 42.2 no 5.2 no 

CSF-183-82 Buhl 25.0 no 6.8 80.2 yes 8.5 
94-021 Buhl 25.9 no 2.3 18.5 no 

93-7 Buhl 27.8 no 4.3 31.9 yes 4.3 
91-137 Buhl 34.3 no 15.5 no 

CSF-"old" IPNV Buhl 39.1 yes 8.5 26.7 no 8.5 
H VAT 9-10-86 Buhl 81.0 yes 7.5 96.5 yes 8.5 

CSF-191-77 Buhl 81.8 yes 8.8 89.1 yes 8.5 
91-114 Buhl 82.1 yes 7.0 84.4 yes 7.5 
89-237 Buhl 82.5 yes 7.8 93.3 yes 8.5 

93-5 Buhl 86.0 yes 8.5 91.7 yes 8.5 
mv-94-167 Buhl 87.1 yes 8.5 90.0 yes 8.0 

89-200 Buhl 87.1 yes 8.5 86.7 yes 8.5 
Id PO Buhl 87.8 yes 8.0 92.9 yes 8.5 
Buhl Buhl 88.5 yes 7.3 57.5 yes 7.5 

Domsea Buhl 89.4 yes 8.5 84.2 yes 8.3 
90-236 Buhl 89.6 yes 8.3 92.8 yes 8.5 
94-187 Buhl 90.5 yes 8.0 95.0 yes 8.0 

Crayfish Buhl 91.1 yes 7.8 80.0 yes 9.0 
93-3 Buhl 92.2 yes 8.8 92.9 yes 7.8 

CSF-009-94-3 Buhl 93.3 yes 8.5 98.8 yes 7.8 
91-63 Buhl 94.4 yes 9.0 97.8 yes 6.8 

Stoddard Buhl 95.0 yes 8.8 92.5 yes 8.0 
93-507 Buhl 96.3 yes 7.8 91.3 yes 7.8 

CSF-266-89 Buhl 98.1 yes 8.3 85.7 yes 9.0 
CSF-035-85 Buhl 98.5 yes 7.8 96.7 yes 7.3 

90-11 Buhl 100.0 yes 8.0 86.3 yes 8.5 
CSF-064-93 Buhl 100.0 yes 7.5 92.1 yes 7.8 

90-76 Buhl 100.0 yes 8.8 91.0 yes 8.5 
89-238 Buhl 100.0 yes 8.5 91.6 yes 8.5 
Mojave Buhl 100.0 yes 7.5 58.2 yes 8.0 


WF75 * VR-299 43.9 no 3.8 24.0 no 3.8 

Berlin * VR-299 58.6 yes 5.8 25.7 no 6.5 

RI* VR-299 78.3 yes 8.8 36.5 yes 8.0 
CTT VR-299 78.7 yes 7.8 45.7 yes 7.8 
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Table 3.3, Continued. 

12-15 W~eks-Dld 16-20 W~~ks-Dld 
Isolate SubtyEe %Mort. Clinical? Titer %Mort. Clinical? Titer 

Lava Lake clone VR-299 85.7 yes 6.8 42.9 yes 8.5 
CL-214 VR-299 87.3 yes 8.8 63.0 yes 7.8 
Oswayo VR-299 88.9 yes 8.8 73.2 yes 8.5 

Pelton Dam VR-299 89.2 yes 7.0 44.3 yes 6.8 
Roaring River VR-299 94.5 yes 7.8 75.0 yes 8.8 

Coho VR-299 94.6 yes 7.8 51.3 yes 7.5 
86-Q VR-299 96.2 yes 9.0 58.0 yes 6.8 

Menhaden VR-299 96.5 yes 7.5 77.2 yes 7.5 
92-429 WB 8.6 no 2.3 12.9 no 5.0 
94-273 WB 31.2 no 2.5 15.7 no 
94-158 WB 43.1 no 5.5 23.3 yes 5.3 
93-330 WB 64.2 yes 7.8 29.3 yes 8.3 

West Buxton WB 68.6 yes 7.5 47.7 yes 8.3 
93-321 WB 92.5 yes 8.5 86.8 yes 8.0 

Sawtooth WB 93.4 yes 8.8 98.8 yes 8.3 

Sp * Sp 33.8 no 3.8 16.9 no 3.5 
NORWAYH-44 Sp 68.7 yes 5.0 35.3 yes 6.0 
NORWAYC-33 Sp 70.3 yes 5.5 29.7 no 7.5 

EVE Ab 28.8 no 6.8 no 4.3 
SGV Ab 30.8 no 16.5 no 5.3 
Ab Ab 36.5 no 1.5 2.6 no 5.0 

Hecht Hecht 18.9 no 15.3 no 5.8 
Canada 1 Canada 1 63.2 yes 8.8 51.8 yes 7.3 

Doug Ramsey Canada 1 86.2 yes 8.5 44.6 yes 8.5 
AS Canada 1 89.2 yes 8.5 48.8 yes 8.0 

Canada 2 Canada 2 80.6 yes 7.8 21.1 no 8.0 
Canada 3 Canada 3 59.3 yes 7.5 30.3 yes 8.0 
94-446 Jasper 30.4 no 1.5 5.6 no 1.5 
W17 Jasper 32.8 no 7.5 29.0 yes 7.0 

92-326 Jasper 35.2 yes 8.3 11.4 yes 8.5 
94-445 Jasper 44.8 no 3.8 23.9 yes 7.5 
Jasper * Jasper 47.5 no 3.3 10.4 no 1.5 

CF-CTH 9/86 Jasper 67.5 yes 7.5 45.6 yes 8.5 

94-435 Jasper 76.5 yes 8.8 43.2 yes 6.8 
94-434 Jasper 76.7 yes 8.5 30.9 yes 7.5 
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Figure 3.1. Comparison of average daily brook trout mortality in groups exposed to 
IPNV and control (unexposed) groups during two study courses with different age brook 
trout. The day number refers to the number of days post IPNV inocculation. The 
mortality levels on days in which fish exposed to IPNV displayed clinical signs are 
marked with •. No clinical signs were detected in control fish. 
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may be attributable to IPNV. Although the control (unexposed) fish also had increased 

mortality at this time, the control mortality increase was much smaller than that of 

IPNV-exposed fish (Figure 3.1). The second mortality peak in control groups is 

suspected to be due to a recurrence of the chlorine problem. Therefore, a portion of the 

second peak in mortalities of IPNV -exposed fish should also be attributed to the 

chlorine. 

Clinical signs of IPN were first noted on day 7 post-exposure and continued through 

day 15. No clinical signs ofIPN were noted after day 15. A third, smaller mortality 

peak occurred on day 14 (Figure 3.1). This peak coincided with increased observations 

of clinical signs ofIPN. 

In the second experiment (16-20 week-old brook trout), a mortality peak occurred in 

IPNV-exposed fish between days 7 to 22 post exposure (Figure 3.1). (Unlike the first 

experiment with 12-15 week-old brook trout, no mortality increases occurred on days 1

3 post-inoculation.) Although day 12 had a slight decrease in mortality, mortality levels 

immediately increased and continued to increase until day 15 post-exposure (Figure 3.1). 

Clinical signs were observed from day 7 to 22, peaking on day 15, which closely 

coincided with the days with the highest mortalities. 

Yirulence Characteristics of IPNY Isolates and Subtypes 

Seventy eight percent of the 69 IPNV isolates evaluated in this study were virulent in 

the 12-15 week-old brook trout fry, while 81 percent of the isolates were virulent in the 

16-20 week-old brook trout fry. The remaining isolates were avirulent. Virulence of 
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IPNV isolates and subtypes spanned the spectrum from very low or avirulent to very 

high in both ages of fry (Table 3.3; Appendix B). 

Bubl subtype 

Isolates belonging to the Buhl subtype, on average, exhibited a high degree of 

virulence in the 12-15 week-old brook trout (Tables 3.4, 3.5). The mean mortality for the 

30 groups of 12-15 week-old fish exposed to Buhl isolates was 81 %, and IPN clinical 

signs were observed in 26 of these groups. IPNV titers from days of peak mortalities in 

Buhl groups varied from undetectable «101.5) to 10s.sTCIDso!ml, with 27 out of the 30 

titers being greater than 106.sTCIDso!ml (For the 12-15 week-old brook trout, IPNV 

titers of>1 06.sTCIDso!ml of fish tissue was defined as virulent). Within the Buhl 

subtype, 25 of the 30 isolates evaluated were of high virulence in 12-15 week-old brook 

trout fry One isolate was ofmoderate virulence, one isolate was of low virulence, and 

three isolates were avirulent (Appendix B). 

Isolates belonging to the Buhl subtype, on average, were ofhigh virulence in the 16

20 week-old brook trout (Tables 3.4, 3.5). The mean mortality for the 30 groups of 16

20 week-old brook trout exposed to Buhl subtype isolates was 80%, and clinical signs of 

IPN were detected in 27 of the 30 groups of brook trout. The IPNV titers from days of 

peak mortalities varied from undetectable «101.5) to 1 09 TCIDso!ml, with 27 out of 30 

titers being greater than 10s.6TCIDso!ml (For the 16-20 week-old brook trout, IPNV 

titers of> lQs.6TCIDso!ml of fish tissue was defined as virulent). Within the Buhl 

subtype, 26 of the 30 isolates evaluated were of high virulence in 16-20 week-old brook 
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trout fry. Two isolates were of low virulence, and two isolates were avirulent 

(Appendix B). 

Table 3.4. Average virulence factors associated with IPNV subtypes for two ages of 
brook trout. Virulence factors include the percent of fish mortality per group 
(Mortality), the percent of groups with fish displaying clinical IPN signs (Clinical?) and 
virus titers measured during peak times of mortality (Titer). Sample size (n) is the 
number of isolates evaluated within each subtype. IPNV titers are expressed as the 
loglo TC1Dsoigram of fish tissue. 

Averages for 12-15 Week-old Averages for 16-20 Week-old 
Brook Trout Brook Trout 

IPNV Mortality Clinical? Titer Mortality Clinical? Titer 
Subtype n (% fish) (% groups) (% fish) (% groups) 

Buhl 30 81.0 86.7 7.6 80.4 90.0 7.6 
VR-299 12 81.0 91.7 7.4 52.6 83.3 7.3 


West Buxton 7 57.0 57.1 5.8 47.4 71.4 5.6 
Sp 3 57.6 66.7 4.8 28.0 33.3 5.7 
Ab 3 32.0 0.0 0.0 8.6 0.0 3.4 
He 1 18.9 0.0 0.0 15.3 0.0 5.8 

Canada 1 3 79.3 100.0 5.7 48.5 100.0 5.5 
Canada 2 1 80.6 100.0 7.8 21.1 0.0 8.0 
Canada 3 1 59.3 100.0 7.5 30.3 100.0 8.0 

Jasper 8 52.59 50.0 5.9 24.9 75.0 5.9 
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Table 3.5. Average scores of virulence for all IPNV subtypes for two ages of brook 
trout. Scores were based on pre-described virulence thresholds (l =virulent, 0 = non
virulent). Subtype scores were averaged within three categories: % mortality (%Mort), 
presence of clinical signs (Clinical?), and virus titer (Titer). Average scores were totaled 
within the two age groups (Total) and totals between age groups were combined (All). 
Sample size (n) is the number of isolates evaluated within each subtype. 

MEAN SCORES 
12-15 Week-Qhl Brook TrQut 16-20 W ~ek-Qld BroQk TrQut 

Subtype n %Mort Clinical? Titer Total %Mort Clinical? Titer Total All 
Buhl 30 0.8 0.9 0.9 2.6 0.9 0.9 0.9 2.7 5.3 

VR-299 12 0.8 0.9 0.9 2.7 0.5 0.8 0.8 2.2 4.8 

West Buxton 7 0.6 0.6 0.6 1.7 OJ 0.7 0.6 1.6 3J 

Sp 3 0.7 0.7 0.0 1.3 0.0 OJ 1.0 0.7 2.3 
Ab 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
He 1 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 

Canada 1 3 0.7 1.0 1.0 2.7 0.7 1.0 1.0 2.7 5.3 
Canada 2 1 1.0 1.0 1.0 3.0 0.0 0.0 1.0 1.0 4.0 
Canada 3 1 0.0 1.0 1.0 2.0 0.0 1.0 1.0 2.0 4.0 

Jasper 8 0.4 0.5 0.6 1.5 0.0 0.8 0.8 1.5 3.0 

In a combined score incorporating virulence scores from both experiments, the Buhl 

subtype was found to be highly virulent, with a combined mean virulence score of 5J 

out of a possible score of 6.0 (Table 3.5). Of the 30 Buhl subtypes evaluated, 83% were 

highly virulent, 7% were moderately virulent, 3% were low virulence, and 7% were 

avirulent (Figure 3.2). 

VR-299 subtype 

Isolates belonging to the VR-299 subtype, on average, exhibited a high degree of 

virulence in 12-15 week-old brook trout (Tables 3.4, 3.5). The mean mortality for the 
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Figure 3.2. Proportion of isolates found to be of high, moderate, low, or avirulent 
virulence in brook trout within four Infectious Pancreatic Necrosis Virus subtypes 
common to the Pacific Northwest, United States. Virulence was designated on the basis 
of percent mortality, virus titer within tissues of fish mortalities, and presence of clinical 
signs, within 12-15 and 16-20 week old brook trout. Sample size (n) is the number of 
isolates tested within each virus sUbtype. 
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twelve groups of 12-15 week-old brook trout exposed to VR-299 isolates was 82%, and 

clinical signs ofIPN were observed in eleven of the twelve groups. The IPNV titers 

8 ofrom days of peak mortalities varied from 103
. to 109

. TCIDso!ml, with ten out of the 

6stwelve titers being greater than 10 . TCIDsolml (For the 12-16 week-old brook trout, 

IPNV titers of>106.5TCIDsolml of fish tissue was defined as virulent). Within the VR

299 subtype, ten of the twelve isolates evaluated were of high virulence in 12-15 week

old brook trout fry. One isolate was of moderate virulence, and one isolate was avirulent 

(Appendix B). 

Isolates belonging to the VR-299 subtype, on average, were of high virulence in the 

16-20 week-old brook trout (Tables 3.4, 3.5). The mean mortality in the twelve groups 

of brook trout exposed to the VR-299 subtype isolates was 80%, and clinical signs were 

seen in ten of the twelve groups. The IPNV titers from days of peak mortalities varied 

from 103
.
8 to 108

.
8 TCIDso!rnl, with eleven out of twelve titers being greater than 10s.6 

TCIDso!ml. (For the 16-20 week-old brook trout, IPNV titers of> lOs.6TCIDso!rnl offish 

tissue was defined as virulent.) Within the VR-299 subtype, six of the twelve isolates 

evaluated were of high virulence in 16-20 week-old brook trout fry. Four isolates were 

of moderate virulence, and two isolates were avirulent (Appendix B). 

In a combined score incorporating virulence scores from both experiments, the VR-299 

subtype was found to be highly virulent, with a combined virulence score of4.8 out of a 

possible score of 6.0 (Table 3.5). Of the 12 VR-299 subtype isolates evaluated, 84% 

were highly virulent, 8% were low virulence, and 8% were avirulent (Figure 3.2). 
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West Buxton subtype 

Isolates belonging to the West Buxton subtype were, on average, of moderate 

virulence in the 12-15 week-old brook trout (Tables 3.4, 3.5). The mean mortality in the 

seven groups offish exposed to West Buxton isolates was 57%, and clinical signs ofIPN 

were observed in four of the seven groups. The IPNV titers from days of peak 

mortalities varied from 102
.3 to 10s.sTCIDsolml, with four out of the seven titers being 

6sgreater than 10 . TCIDsolml (For the 12-15 week-old brook trout, IPNV titers of 

>106.5TCIDsolml offish tissue was defined as virulent). Within the West Buxton 

subtype, four of the seven isolates evaluated were of high virulence in 12-15 week-old 

brook trout fry. The remaining three isolates were avirulent (Appendix B). 

Isolates belonging to the West Buxton subtype were, on average, of moderate 

virulence in the 16-20 week-old brook trout (Tables 3.4, 3.5). The mean mortality of 16

20 week-old brook trout exposed to the West Buxton isolates was 47%, and clinical 

signs were detected in five of the seven groups. The IPNV titers from days of peak 

mortalities varied from undetectable «101.5) to 1 OS.3 TCIDsolml, with four out of seven 

56titers being greater than 10 . TCID501ml (For the 16-20 week-old brook trout, IPNV 

56titers of>10 . TCIDsolml of fish tissue was defined as virulent). Within the West 

Buxton subtype, two of the seven isolates evaluated were of high virulence in 16-20 

week-old brook trout fry. Two isolates were of moderate virulence, one isolate was of 

low virulence, and two isolates were avirulent (Appendix B). 

In a combined score incorporating virulence scores from both experiments, the West 

Buxton subtype was found to be moderately virulent, receiving a combined virulence 
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score of 3.3 out of a possible score of 6.0 (Table 3.5). Of the seven West Buxton 

subtype isolates evaluated, 57% were highly virulent, 14% were low virulence, and 29% 

were avirulent (Figure 3.2). 

Sp subtype 

Isolates belonging to the Sp subtype were, on average, of moderate virulence in the 

12-15 week-old brook trout (Tables 3.4, 3.5). The mean mortality for the three groups of 

12-15 week-old fish exposed to Sp isolates was 58%, and clinical signs ofIPN were 

observed in two of the three groups. The IPNV titers from days of peak mortalities 

8 svaried from 103
. to 10s. TCIDsolml,. Therefore, none of the three titers were greater 

than 106.5TCIDsolml (For the 12-15 week-old brook trout, IPNV titers of 

> 1 06.5TCIDsolml of fish tissue was defined as virulent). Within the Sp subtype, two of 

the three isolates evaluated were ofmoderate virulence in 12-15 week-old brook trout 

fry. The remaining isolate was avirulent (Appendix B). 

Isolates belonging to the Sp subtype were, on average, of low virulence in the 16-20 

week-old brook trout (Tables 3.4, 3.5). The mean mortality for the three groups of 16-20 

week-old brook trout exposed to Sp isolates was 28%, and clinical signs were seen in 

one of the three groups of brook trout. The IPNV titers from days of peak mortalities 

varied from 103
.5 to 107

.
s TCIDsolml, with two out of three titers being greater than 10s.6 

TCIDsolml (For the 16-20 week-old brook trout, IPNV titers of>10s.6TCIDsolml offish 

tissue were defined as virulent). Within the Sp subtype, one of the three isolates 
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evaluated was of moderate virulence in 16-20 week-old brook trout fry. One isolate was 

of low virulence, and one isolate was avirulent (Appendix B). 

In a combined score incorporating virulence scores from both experiments, the Sp 

subtype was found to be moderately virulent, receiving a combined virulence score of 

2.3 out of a possible score of 6.0 (Table 3.5). 

Ab subtype 

Isolates belonging to the Ab subtype were avirulent in the 12-15 week-old brook 

trout (Tables 3.4,3.5). The mean mortality in the three groups of 12-15 week-old fish 

exposed to Ab isolates was 32%, and clinical signs oflPN were not observed in any of 

the three groups. The IPNV titers from days of peak mortalities were all undetectable 

«101.5TCIDsoiml). Within the Ab subtype, all three isolates evaluated were avirulent in 

12-15 week-old brook trout fry (Appendix B). 

Isolates belonging to the Ab subtype were also avirulent in the 16-20 week-old brook 

trout (Tables 3.4, 3.5). The mean mortality in the three groups of 16-20 week-old brook 

trout exposed to the Ab isolates was 9%, and no clinical signs of IPN were observed in 

3any of the three groups. The IPNV titers from days of peak mortalities varied from 104
. 

to 105
.3 TCIDsoiml. Within the Ab subtype, all three isolates evaluated were avirulent in 

16-20 week-old brook trout fry. 

In a combined score, incorporating virulence scores from both experiments, the Ab 

subtype was found to be avirulent, with a combined virulence score of 0.0 out of a 

possible score of 6.0 (Table 3.5). 
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Hecht subtype 

The isolate belonging to the Hecht subtype was avirulent in the 12-15 week-old 

brook trout (Tables 3.4, 3.5). The 12-15 week-old brook trout exposed to the Hecht 

isolate exhibited 19% mortality and clinical IPN signs were not observed in the group. 

The IPNV titer from days of peak mortalities was undetectable «101.5 TCIDso!ml). 

The isolate belonging to the Hecht subtype was avirulent in the 16-20 week-old 

brook trout (Tables 3.4, 3.5) .. The 16-20 week-old brook trout exposed to the Hecht 

isolate exhibited 15% mortality, and clinical signs were not observed in the group. The 

IPNV titer from days of peak mortalities was 1 OS.8 TCIDso!ml. 

In a combined score incorporating virulence scores from both ages of fish, the Hecht 

isolate was found to be of low virulence, with a combined virulence score of 1.0 out of a 

possible score of 6.0 (Table 3.5). 

Canada 1 subtype 

Isolates belonging to the Canada 1 subtype, on average, exhibited a high degree of 

virulence in the 12-15 week-old brook trout (Tables 3.4, 3.5). The mean mortality in the 

three groups of 12-15 week-old fish exposed to isolates of the Canada 1 subtype was 

79%, and clinical signs of IPN were observed in all 3 groups. The IPNV titers from days 

of peak mortalities varied from 108
.5 to 108

.
8TCIDso!ml. Within the Canada 1 subtype, 

two of the three isolates evaluated were ofhigh virulence in 16-20 week-old brook trout 

fry. One isolate was of moderate virulence (Appendix B). 
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Isolates belonging to the Canada 1 subtype were, on average, of high virulence in the 

16-20 week-old brook trout (Tables 3.4, 3.5). The mean mortality in 16-20 week-old 

brook trout exposed to Canada 1 isolates was 49%, and clinical signs were observed in 

all three groups. The IPNV titers from days of peak mortalities varied from 107.3 to 108
.
5 

TCID501ml. Within the Canada 1 subtype, two of the three isolates evaluated were of 

high virulence in 16-20 week-old brook trout fry. One of the isolates was oflow 

virulence (Appendix B). 

In a combined score incorporating virulence scores from both experiments, the 

Canada 1 subtype was found to be highly virulent, receiving a combined virulence score 

of 5.3 out of a possible score of 6.0 (Table 3.5). 

Canada 2 subtype 

The isolate belonging to the Canada 2 subtype was highly virulent in the 12-15 

week-old brook trout (Tables 3.4, 3.5). Mortality in the 12-15 week-old brook trout 

exposed to this isolate was 81%, and clinical signs ofIPN were observed in the group. 

8The IPNV titer from days of peak mortalities was 107
. TCIDsoiml. 

In the 16-20 week-old brook trout, the Canada 2 isolate was of low virulence (Tables 

3.4,3.5). Mortality in the 16-20 week-old brook trout exposed to the Canada 2 isolate 

was 21 %, and clinical signs were not observed in the group. The IPNV titer from days 

of peak mortalities was 108
.
0 TCID501ml. 
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In a combined score incorporating virulence scores from both experiments, the 

Canada 2 isolate was found to be of moderate virulence, receiving a combined virulence 

score of 4.0 out of a possible score of 6.0 (Table 3.5). 

Canada 3 subtype 

The isolate belonging to the Canada 3 subtype was moderately virulent in the 12-15 

week-old brook trout (Tables 3.4, 3.5). Mortality in the 12-15 week-old brook trout 

exposed to the Canada 3 isolate was 59%, and clinical signs ofIPN were observed in the 

group. The IPNV titer from days of peak mortalities was 107
.
5 TCIDsoiml. 

The isolate belonging to the Canada 3 isolate was moderately virulent in the 16-20 

week-old brook trout (Tables 3.4, 3.5). Mortality in the 16-20 week-old brook trout 

exposed to the Canada 3 isolate was 30%, and clinical signs ofIPN were observed in the 

group. The IPNV titer from days of peak mortalities was 108
.
0 TCIDsoiml. 

In a combined score incorporating virulence scores from both experiments, the 

Canada 3 isolate was found to be of moderate virulence, receiving a combined virulence 

score of 4.0 out of a possible score of 6.0 (Table 3.5). 

Jasper subtype 

Isolates belonging to the Jasper subtype were, on average, of moderate virulence in 

the 12-15 week-old brook trout (Tables 3.4, 3.5). The mean mortality in the eight 

groups of 12-15 week-old fish exposed to Jasper isolates was 53%, and clinical signs of 
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IPN were observed in four of the eight groups. The IPNV titers from days of peak 

smortalities varied from undetectable «101.5) to 108
. TCIDso!ml, with five out of the 

6seight titers being greater than 10 . TCIDso!ml (For the 12-15 week-old brook trout, 

IPNV titers of>1 06.sTCID5o!ml of fish tissue was defined as virulent). Within the Jasper 

subtype, three of the eight isolates evaluated were of high virulence in 12-15 week -old 

brook trout fry. One ofthe remaining isolates was moderately virulent, one isolate was 

of low virulence, and three isolates were avirulent (Appendix B). 

In the 16-20 week-old brook trout, the Jasper isolates were also, on average, of 

moderate virulence (Tables 3.4,3.5). Jasper isolates were associated with 25% mortality 

and clinical signs were seen in six of the eight groups. The IPNV titers from days of 

peak mortalities varied from <101.5 to 108
.
5TCID5o!ml, with six out of seven titers being 

56greater than 10 . TCID5o!ml (For the 16-20 week-old brook trout, IPNV titers of 

> 1 05.6TCID5o!ml of fish tissue were defined as virulent). Within the Jasper subtype, 

none of the eight isolates evaluated were of high virulence in 16-20 week-old brook trout 

fry. Six isolates were of moderate virulence, two isolates were avirulent (Appendix B). 

In a combined score incorporating virulence scores from both experiments, the 

Jasper subtype was found to be moderately virulent, with a combined virulence score of 

3.0 out ofa possible score of6.0 (Table 3.5). Of the 8 Jasper subtype isolates evaluated, 

37% were highly virulent, 25% were moderately virulent, 13% were low virulence, and 

25% were avirulent (Figure 3.2). 
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Relationship Between IPNV Subtype and Mortality 

A generalized linear modeling (GLM) procedure was used to determine if there was 

a significant relationship between brook trout mortalities and the IPNV subtypes to 

which they had been exposed, for both ages of fish. There was a significant relationship 

between mortality and the IPNV subtype for both ages offish (12-15 week-old fish: p = 

0.00065 for F=3.701 with 1 and 61 degrees of freedom and deviance = 965; 16-20 week

old fish: p<O.OOOI for F=8.933 with 1 and 61 degrees of freedom and deviance = 1126). 

In the 12-15 week old brook trout, those groups offish exposed to isolates of the 

Buhl and VR-299 subtypes exhibited, on average, a significantly higher level of 

mortality than the control groups (unexposed) fish. Fish exposed to the Buhl subtype 

also exhibited a significantly higher level of mortality than those fish exposed to 

subtypes Ab and Jasper. The fish exposed to isolates of the VR-299 subtype exhibited a 

significantly higher mortality level than those fish exposed to the Ab subtype (Table 

3.6). 

For the 16-20 week-old brook trout, the groups offish exposed to the Buhl subtype 

exhibited, on average, a significantly higher mortality level than the groups of control 

(unexposed) fish. Fish exposed to the Buhl subtype also exhibited a significantly higher 

mortality than those exposed to subtypes VR-299, West Buxton, Sp, Ab, Hecht, and 

Jasper (Table 3.6). 
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Table 3.6. Brook trout mortality levels with 95% confidence intervals associated with 
each IPNV subtype tested for two ages of fish. Subtypes sharing letters were statistically 
indistinguishable (a = 0.05). Sample size (n) is the number of isolates evaluated within 
each subtype. 

12-15 Week-old Brook Trout 
Subtype n Percent Mortality (95% Confidence Interval) 
Controls 3 36.28 (15.80 - 63.33) a 

Buhl 30 81.04 (72.74 - 87.29) b 
VR-299 12 82.14 (68.75 - 90.56) b,c 

West Buxton 7 57.01 (38.48 - 73.77) a,b,c 
Sp 3 57.55 (31.37 - 80.08) a,b,c 
Ab 3 32.08 (12.18 - 61.67) a 

Hecht 1 18.87 (1.47 - 78.37) a,b,c 
Canada 1 3 79.29 (49.27 - 93.79) a,b,c 
Canada 2 1 80.64 (25.21 - 98.09) a,b,c 
Canada 3 1 59.26 (14.28 - 92.70) a,b,c 

Jasper 8 52.69 (35.62 - 69.17) a,c 

16-20 Week-old Brook Trout 
Subtype n Percent Mortality (95% Confidence Interval) 
Controls 3 13.67 (2.65 - 47.99) a 

Buhl 30 80.41 (72.67 - 86.37) b 
VR-299 12 52.57 (38.89 - 65.88) a 

West Buxton 7 47.43 (29.64 - 65.89) a 
Sp 3 27.95 (8.89 - 58.91) a 
Ab 3 8.98 (1.32 - 41.54) a 

Hecht 1 15.27 (1.02 - 75.88) a 
Canada 1 3 48.53 (23.53 - 74.32) a,b 
Canada 2 1 21.12 (2.07 - 77.28) a,b 
Canada 3 1 30.34 (5.50 - 76.52) a,b 

Jasper 8 24.87 (12.77 - 42.81) a 



52 

Relationship Between IPNV Epitopes and Mortality 

Another GLM model was produced to determine if there was a significant 

relationship between brook trout mortalities and the epitopes (monoclonal antibody 

binding sites) on the IPNV isolates. The GLM procedure included only epitopes, or 

combinations of epitopes, which were significantly correlated with mortality and 

eliminated those that were not. The epitopes found on those isolates which were 

significantly correlated with mortality were combined into a logistic regression model 

for each experiment (Appendix C). From these models, a predicted mortality level could 

be calculated for any combination of the epitopes which were significantly related to 

mortality. 

In the study with 12-15 week-old brook trout fry, the presence of three of the 

epitopes identified by the monoclonal antibody library (wI, w2, and w5) had a 

statistically significant relationship with the mortality associated with a given IPNV 

isolate. The presence of the wI and w2 epitopes was associated with decreased fish 

mortality, while the presence of the w5 epitope was associated with increased fish 

mortality. 

In the study with 16-20 week-old brook trout fry, the presence of six of the epitopes 

identified by the monoclonal antibody library (wI, w2, w3, w4, w5, and e6) had a 

statistically significant relationship with the mortality associated with an IPNV isolate. 

The presence of the wI and w2, and the w3 epitopes were associated with decreased fish 

mortality, while the presence of the w3, w5, and e6 epitopes were associated with 

increased fish mortality. In addition, the wI and w2 epitopes were associated with lower 
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mortality than that of the w3 epitope. The w5 epitope was associated with a greater 

increase in mortality than the presence of the e6 epitope. The e6 epitope was associated 

with a greater increase in mortality than the w4 epitope. 

In summary, the epitopes which bind the monoclonal antibodies, wllw2, and w5, 

were significantly associated with mortalities of the 12-15 week-old brook trout. The 

mortalities of the 16-20 week-old brook trout were significantly associated with the 

epitopes which bind with the wl/w2, w3, w4, w5, and e6 monoclonal antibodies. 

Therefore, by using the epitope patterns that are specific for the subtypes of IPNV, a 

predicted mortality for the two ages of fish can be calculated for each of the subtypes 

using these models (Table 3.7). 

The West Buxton, Ab, and Jasper subtypes all contained IPNV isolates that had 

slight variations in the presence of epitopes. The West Buxton and Jasper isolates varied 

in the presence of the epitope which binds with the w4 monoclonal antibody. As this 

epitope was not significant for the model for 12-15 week-old fish, this variation did not 

change the predicted mortalities for this age group of fish. However, the w4 epitope was 

included in the model for 16-20 week-old fish, which resulted in different predicted 

mortalities within the West Buxton and Jasper subtypes for this age group offish. The 

Ab subtype varied in the presence of the epitope specific for the e6 monoclonal 

antibody, resulting in variations in predicted mortalities of the 16-20 week-old fish 

(Table 3.7). 
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Table 3.7. Brook trout mortality as predicted by model relating observed mortality to 
significant epitope (monoclonal antibody) patterns for two ages of fish. 95% C.1. is the 
95 percent confidence interval of the predicted percent (%) mortality. Predicted 
mortalities of epitope patterns sharing the same superscript were statistically 
indistinguishable. Three epitopes were statistically significant (wllw2 and w5) in the 
model for 12-15 week-old brook trout while six epitopes (wllw2, w3, w4, w5, and e6) 
were significant for 16-20 week-old brook trout (wI and w2 had identical patterns and 
thus were combined for the models). The observed percent mortality (Observed % 
Mort.) is included for comparison. Subtypes Bu = Buhl, WB = West Buxton, He = 
Hecht, Cl = Canada 1, C2 = Canada 2, C3 = Canada 3, and Ja = Jasper. 

12-15 Week-old Brook Trout 
Epitopes Observed Predicted % Mortality 

wllw2 w5 Subtype % Mort. (95% c.1.) 
0 1 Bu 81.0 81.4 (74.9 - 86.6)a 
0 1 VR-299 82.1 81.4 (74.9 - 86.6)a 
1 1 WB 57.0 54.6 (42.6 - 66.1 )b,c 
0 0 Sp 57.6 62.4 (59.4 - 68.1)b 
1 0 Ab 32.1 32.7 (18.8 - 50.5)c 
0 0 He 18.9 62.4 (59.4 - 68.1)b 
0 0 Cl 79.3 62.4 (59.4 - 68.1)b 
0 0 C2 80.6 62.4 (59.4 - 68.1)b 
0 0 C3 59.3 62.4 (59.4 - 68.1)b 
1 1 Ja 52.3 54.6 (42.6 - 66.1 )b,c 

16-20 Week-old Brook Trout 

Epitopes Observed Predicted % Mortality 
wllw2 w3 w4 w5 e6 Subtype % Mort. (95% c.1.) 

0 1 0 1 1 Bu 81.9 80.9 (61.6 - 91.7)a 
0 1 1 1 1 VR-299 50.5 54.6 (32.4 - 75.2)a,b 
1 1 1 1 1 WB 47.7 22.2 (13.5 - 34.2)b,c,d 
1 1 0 1 1 WB 47.4 50.0 (30.7 - 69.3)a,b 
0 1 0 0 0 Sp 27.9 27.2 (9.2 - 58.0)b,c,d 
1 0 0 0 1 Ab 4.6 12.4 (4.9 - 27.9)c,d 
1 0 0 0 0 Ab 16.5 6.9 (2.6 - 16.8)d 
0 0 0 0 0 Hecht 15.3 23.8 (9.3 - 48.7)b,c,d 
0 0 0 0 1 Cl 48.5 37.3 (21.9 - 55.9)b,c 
0 0 0 0 1 C2 21.1 37.3 (33.3 - 41.5)b 
0 0 0 0 1 C3 30.3 37.3 (33.3 - 41.5)b 
1 1 1 1 0 Ja 16.2 13.0 (6.0 - 25.7)c,d 
1 1 0 1 0 Ja 30.2 34.3 (20.0 - 52.3)b,c 
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Relationship Between IPNY Titer and Mortality 

A relationship between fish mortality and IPNV titers (measured at the time of peak 

mortality) was determined using the generalized linear modeling (GLM) procedure. A 

significant relationship between the logJOTCIDsoigram of tissue (titer) and the level of 

mortality was found for both the 12-15 week-old and 16-20 week-old brook trout. 

The models relating IPNV titers and brook trout mortality are: 

12-15 week-old brook trout 


logit (mortality) = -1. 777 + 0.4121 (/ogJOtiter)  

16-20 week-old brook trout 


logit (mortality) = -3.5140 + 0.5274{/ogJOtiter) 

For 12-15 week-old brook trout: p < 0.0001 for F = 87.82 with 1 and 67 degrees of 

freedom and deviance = 625. For 16-20 week-old brook trout: p < 0.0001, for F = 40.87 

with 1 and 67 degrees of freedom and deviance = 1590. The model predicts the best 

relationship between titer and mortality (Figure 3.3). 
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Figure 3.3. Scatterplots of observed mortality vs. observed IPNV titer from time of peak 
mortalities. Line through scatterplot shows the relation between percent mortality and 
IPNV titer at time of peak mortality predicted by the titer vs. mortality model. 
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Relationship Between the Detection of Clinical Signs of IPNV and Mortality 

A relationship between fish mortality and the detection of IPN clinical signs was 

examined using the generalized linear modeling (GLM) procedure. A significant 

relationship between the detection of clinical signs during the IPN epizootic and the 

level of mortality was found for both the 12-15 week-old and 16-20 week-old brook 

trout. The presence of clinical signs was associated with increased mortality (Table 3.8) 

(12-15 week-old brook trout: p<O.OOOl for F=47.5 with 1 and 67 degrees of freedom 

and deviance=845, and 16-20 week-old brook trout: p<O.OOOl for F=48.1 with 1 and 67 

degrees of freedom and deviance=1070).) 

Table 3.8. Percent mortalities with 95% confidence intervals from the model based upon 
the presence (yes) or absence (no) of clinical signs for two ages of brook trout. 

Percent Mortality (95% Confidence Intervals) 
Clinical Signs? 12-15 Weeks-old 16-20 Weeks-old 

No 32.4 (25.0 - 40.8) n = 17 16.6 (8.7 - 29.3) n = 16 
Yes 83.5 (79.6 - 86.8) n = 52 68.5 (61.6 - 74.7) n = 53 

Relationship Between Presence of Disease in Original Host and Mortality 

The presence of clinical disease in the host from which the IPN viruses were 

originally isolated did not appear to affect its ability to cause mortality in brook trout fry. 

No significant relationship between these factors was found for either the 12-15 week-

old brook trout (p = 0.77 for F = 0.09 with 1 and 56 degrees of freedom and deviance = 
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1289) or the 16-20 week-old brook trout (p = 0.82 for F = 0.05 with 1 and 56 degrees of 

freedom and deviance = 2142.) 

DISCUSSION 

Effects of High Mortalities in Control (Unexposed) Fish on Virulence Experiments 

Many of the mortalities observed in the 12-15 week-old brook trout may have been 

caused by chlorine in the water supply, rather than to IPNV exposure, as chlorine was 

documented to reach 0.02 ppm in water supplied to the brook trout fry. For the older, 

16-20 week-old brook trout, chlorine did not reach a measurable level, but it is suspected 

that trace chlorine was also a likely mortality factor. In previous incidents of chlorine 

contamination very young brook trout (ca. 12-15 weeks-old) were observed to be highly 

sensitive to chlorine while older fish were apparently unaffected (J.Maret, personal 

observation). Activated carbon was used to dechlorinate the water supply to the brook 

trout groups. This carbon was very old, and measurable amounts of chlorine were 

occasionally known to have passed this filter, contributing to elevated mortalities in both 

control and virus-exposed brook trout in both experiments. 

No clinical signs ofIPN were observed in any of the control brook trout in either 

experiment. Therefore, the high background levels of mortality observed in the controls 

do not compromise the validity of using clinical sign presence as a partial measure of 

virulence. 

Mortality was useful as a partial indicator of virulence for the IPNV isolates. 

Mortality as a measure of virulence was defined very conservatively, using the highest 

mortality levels of the control fish as a cut-off point (above the upper 95% confidence 

interval for control fish mortality). As all groups were randomly assigned to location 
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and were treated identically, except for exposure to IPNV, elevated mortalities in the 

IPNV -exposed groups above those of the controls can be attributed to IPNV exposure. 

In addition to clinical signs and mortality levels, IPNV titer was also used as an 

indicator of IPNV virulence. Like the mortality levels, IPNV titer as an indicator of 

virulence was defined very conservatively, based upon the upper 95 percent confidence 

level of mortality observed in the control brook trout. Furthermore, no IPNV was 

detected in control fish. Therefore, the levels of IPNV titers as an indicator of virulence 

should not have been compromised by the background mortalities caused by the chlorine 

exposure. 

Variations in Virulence Between Experiments 

For the majority ofIPNV subtypes, the virulence scores associated with the 12-15 

week-old brook trout were similar to the scores associated with the 16-20 week-old 

brook trout. Three notable exceptions were VR-299, Sp, and Canada 2. These subtypes 

were oflower virulence in the older, 16-20 week-old brook trout than in the younger fry. 

These results were not unexpected as IPN viruses often exhibit lower levels of virulence 

(mortality) in older fish. (Frantsi and Savan, 1971; Dorson and Torchy, 1981). 

The higher level of mortality associated with subtypes Buhl and West Buxton in the 

older fish was unexpected. After adjusting for the differences in mortalities among the 

control brook trout for each experiment, the West Buxton and Buhl subtypes had 13 and 

22 percent, respectively, higher mortalities in the older than the younger fish. 

It is not clear why only Buhl and West Buxton subtypes were associated with 

increased mortalities in the older fish. Although not tested, difference in growth rates 

between the age groups is a possible explanation for this anomaly. The 16-20 week old 

fish appeared to be growing faster than the 12-15 week old fish at the times of the 

experiments (J. Maret, personal observation). The faster growing fish, with rapidly 



60 

reproducing cells, might have allowed better conditions for virus replication, leading to 

increased disease and mortality levels. However, one would expect this to occur for all 

subtypes, and not just West Buxton and Buhl. Also, this hypothesis was not supported 

by the virus titer levels measured from the mortalities: Titers were similar between both 

ages offish for both Buhl and West Buxton subtypes. In fact, with the exceptions of the 

Ab and Hecht subtypes, similar titers were measured in all subtypes tested between age

groups (Table 3.4). 

On average, IPNV isolates that caused clinical signs of IPN in one age of fish, also 

caused clinical signs in the other age of fish. However, some isolates, generally those of 

low to moderate virulence, did show notable differences in clinical sign observations 

between 12-15 week old and the 16-20 week-old fish (e.g. the Berlin isolate). These less 

virulent isolates may have been able to cause clinical signs of IPN in both age groups, 

but at levels undetected during the short amount of time that each group of brook trout 

was observed daily. 

The CSF-183-82 isolate, of the Buhl subtype, was unique in that virulence 

(mortalities, and clinical signs) was low in the 12-15 week old brook trout, but high in 

the 16-20 week old brook trout (Table 3.3). This isolate was found to be virulent in 17

19 week old brook trout in an earlier experiment, being associated with 52 % mortality, 

titers of 1010 tcidsolml, and clinical signs ofIPN (J.Maret, unpublished data). Although 

it is not clear why this pattern is unique to the CSF-183-82 isolate, perhaps this isolate 

was somehow unable to infect the younger 12-15 week old brook trout as efficiently as 

the older fish or was unable to replicate as efficiently in the younger brook trout fry. 

The Canada 2 isolate was also interesting as it was highly virulent in the 12-15 week 

old brook trout but only oflow virulence in the 16-20 week old brook trout. This may 

indicate that the Canada 2 isolate is virulent in only very young, small brook trout. 

However, the Canada 2 isolate used in this study had been passed more than five times 
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in tissue culture, so it is possible that the high number of passages may have changed the 

virulence characteristics (Dorson et al. 1975, 1978; McAllister 1995). 

Variation in Virulence Within Subtypes 

The wide range in virulence among IPNV isolates within the IPNV subtypes was 

notable. While many of the IPNV subtypes were very uniform in their virulence 

characteristics, there were usually a few exceptions, where one or more isolates within 

the subtype displayed very different virulence characteristics than the others (e.g. the 

Buhl subtype). Some subtypes with few isolates (i.e. Ab and Hecht) were uniform in 

virulence characteristics. Based on the results of the subtypes in which a large number 

of isolates were evaluated, it is likely that exceptions would be found within these 

subtypes if the sample size were large enough. 

Effect of High Passage Number in Cell Culture on Virulence 

After repeated passages in cell culture, isolates of IPNV may became avirulent for 

trout fry (Dorson et al. 1975, 1978). McAllister (1995) felt that IPNV isolates used in 

virulence experiments should have fewer than five passages in cell culture to avoid 

virulence loss. Six IPNV isolates used in this study had been passed more than five 

times in cell culture. All six of these isolates were unable to infect and replicate in 8-9 

month-old brook trout. Of these six, three were avirulent, and one showed low virulence 

in these virulenceexperiments. The remaining two were moderately virulent and highly 

virulent. One of the avirulent isolates was subtype Sp, usually associated with moderate 

to high levels of mortality (Hill, 1982; Wolf, 1983). Re-evaluation of these isolates with 

virus of a lower passage number would be necessary to determine the effect of passages 

in cell culture on these isolates virulence. 
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Virulence Characteristics of IPNV Subtypes Most Preyalent in the Pacific 
Northwest 

Two of the four IPNV subtypes that are most prevalent in the Pacific Northwest, 

Buhl and VR-299, are likely to be highly virulent in brook trout fry. Isolates within the 

other two subtypes most prevalent in the Pacific Northwest, West Buxton and Jasper, 

were usually of moderate virulence in brook fry. Isolates within each of these four 

subtypes ranged from avirulent to highly virulent. The Buhl and VR-299 isolates were 

more uniform in their virulence characteristics than the West Buxton or Jasper subtypes 

(Figure 3.2). 

Relationship Between IPNV Subtypes and Mortality 

The wide confidence intervals of predicted mortality within subtypes and controls 

made it difficult to distinguish differences in mortality. Despite high variability, certain 

IPNV subtypes were statistically distinguishable from controls and other subtypes. In 

particular, the Buhl and VR-299 subtypes were associated with an elevated mortality in 

12-15 week-old brook trout fry, which was significantly higher than background 

(control) mortalities (Table 3.6). The Buhl subtype was also associated with mortalities, 

in 16-20 week-old brook trout, that were significantly higher than were observed in 

control (unexposed) groups (Table 3.6). 

Variability is not the only determining factor of the size of the confidence intervals 

for predicted mortality. Sample size is also important. Although there was substantial 

variability in the mortality observed within subtypes, the subtypes with few isolates (e.g. 

Ab and He) had very little variation in mortality levels, yet had very large predicted 

mortality confidence intervals. Conversely, those subtypes with larger isolate sample 

sizes had the narrowest confidence intervals, despite variability in mortality. A small 

sample size (i.e. low numbers of isolates within a subtype) will have few degrees of 
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freedom, resulting in a large T -statistic. The magnitude of the confidence interval is 

directly dependent on the magnitude of the T-statistic: large T-statistics produce large 

confidence intervals. Thus mortality levels of subtypes with few isolates tend to be 

much more difficult to distinguish from other subtypes and controls, even though the 

actual variability may be quite low. In order to gain a clearer interpretation of mortality 

differences between subtypes, a greater number of isolates, and ideally, an equal number 

in each subtype should be evaluated. 

Relationship Between IPNV Epitopes and Mortality 

There was a significant relationship between the presence of some epitopes 

(monoclonal antibody binding sites) and mortality levels. Every IPNV subtype was 

characterized by a specific epitope pattern and the presence of some epitopes was 

associated with increased or decreased fish mortality. For the 12-15 week-old brook 

trout, three epitopes (wI, w2, and w5) were significantly related to brook trout 

mortality. The epitope based statistical model did the best job of predicting mortality for 

subtypes Buhl, VR-299, West Buxton, and Jasper. These subtypes all had large sample 

sizes, allowing better predictive ability. The epitope model also accurately predicted 

mortality in the younger brook trout for subtype Ab, which had a much smaller sample 

size (n=3). However, the epitope based statistical model poorly predicted 12-15 week 

old fish mortality levels for subtypes Sp, Hecht, Canada 1, Canada 2, and Canada 3 

subtypes (Table 3.7). A clearer picture of the relationship between mortality and 

epitopes might be gained through the use of larger and equal numbers of isolates of the 

various epitope conformations. 

The epitope based statistical model for the 16-20 week-old brook trout more 

accurately predicted mortality than the model for the 12-15 week-old brook trout. The 

model effectively predicted 16-20 week-old fish mortalities for epitope patterns found on 
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the Buhl, VR-299, West Buxton, Sp, Ab, Hecht, Canada 1, and Jasper subtypes (Table 

3.7). In addition to the wI, w2, and w5 epitopes used to predict mortality for the 12-15 

week-old fish, the model for the 16-20 week-old fish also used the w3, w4, and e6 

epitopes. These additional epitopes greatly improved the model's ability to fit predicted 

mortalities for subtypes Sp, Hecht, and Canada 1. The epitope based statistical model 

was not able to accurately predict mortality levels within subtypes with different epitope 

patterns, such as subtypes West Buxton, Jasper, and Ab (Table 3.7). 

Relationship Between IPNY Titer and Mortality 

Increased virus titers were correlated with higher brook trout mortalities. These 

results were not unexpected. Most cytocidal virus infections produce proteins early in 

replication which are responsible for shutting down cellular protein synthesis and 

shifting the cell metabolism to virus protein production (White and Fenner 1986). A 

high concentration of virus within a host indicates that a large portion of the hosts 

metabolism has been converted from normal metabolic activities to virus production. 

Elevated levels ofvirus within a host may also indicate a larger proportion of cells 

within the host are infected and damaged by the virus. Later in the infection, viral 

capsid proteins in high dosage are often toxic, and may be a principal cause of CPE 

within a host (White and Fenner 1986). 

While there was a positive relationship between IPNV titer in brook trout fry and the 

level offish mortality, there were some notable exceptions. For example, the Canada 3 

isolate replicated to high titers, and caused clinical IPN in both ages of fish, but not 

cause high mortality levels. However, only killed brook trout were assayed for titer, thus 

it is not known whether or not survivors also had high titers. It is also possible that the 

virus was only able to replicate to high titers in fish that succumbed to IPN disease. 
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Further study could determine if similar titers of the virus are present in both 

survivors and mortalities. If the virus is present at high titers only in those fish that 

develop clinical lPN, and subsequently die, there must be some mechanism limiting 

either the virus infection of the majority of the fish, or some mechanism responsible for 

the virus's inability to replicate to high enough levels to cause clinical disease and 

mortality in the majority of the fish. Possible mechanisms by which infection ofthe 

brook trout might be compromised could include inefficient adsorption of the virus to 

fish cells due to a defect in the viral receptor, or to a lack of receptors on the fish cell 

membranes. Compromises to any stage of virus entry into the host cell, replication, and 

virus release, could also lead to these results. 

If IPNV were found to be at a high titer in both the fish that develop clinical lPN, 

and subsequently die, and in the surviving fish, a different mechanism would have to be 

responsible for the presence of the high virus titer and low mortalities. The lymphocytic 

choriomeningitis virus in the family Arenaviridae is known for being able to replicate to 

high virus titers within a host with little accompanying disease or mortality (Salvato, 

1993). The lymphocytic choriomeningitis virus does this by synthesizing viral 

components without any major alterations in the biosynthesis of essential host cell 

macromolecules. Its ability to exit the host cells through a process of budding at host 

cell plasma membranes also allows for release of the virus without any cytopathic effect 

(Compans, 1993). Infectious pancreatic necrosis virus, on the other hand, is known to 

decrease biosynthesis of essential host cell macromolecules, and IPNV is released from 

host cells through a process of lysis of the host cells. Therefore IPNV must have a 

different mechanism for replicating to a high titer within the host without the 

development of clinical IPN. The Reoviridae, a family of viruses with which the 

Bimaviridae share many characteristics, are known to completely shut-down host cell 

protein synthesis (Zarbl, 1983). 
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The specific tropism of a particular virus isolate for different tissues in the host is an 

important factor in determining virulence within the Reoviridae family of viruses. Virus 

isolates that have a tropism for essential organs or tissues may be more virulent than an 

isolate that has a tropism for less critical tissues (Zarbl, 1983). If the Bimaviridae share 

this characteristic, high virus titers without clinical disease could be attributed to the 

virus replicating to high levels within tissues which are less critical to host survival. The 

opposite observation, of clinical IPN with a low titer, could also be explained by tissue 

tropism. If the IPNV isolate were to have a tropism for specific, critical organs, entire 

body titers (as was obtained in the virulence experiments) might seem deceptively low. 

Relationship Between IPNY Clinical Signs and Mortality 

A significant relationship between the presence of IPN clinical signs and an 

increased mortality was not unexpected, as most of the virus-exposed brook trout 

mortalities showed clinical signs before dying, apparently due to IPN. The mortalities 

predicted by the statistical model relating clinical signs and mortality are equal to the 

observed mean mortalities associated with the presence or absence of clinical signs. The 

models allow the calculation of confidence intervals for the predicted mortalities. 

Relationship Between Presence of Disease in Original Host and Mortality 

Hill (1982) noted that in previous experimentation with IPNV isolates from the UK 

of the A2 (Sp) serotype, there was little difference in virulence for 8-10 week old trout 

fry whether the isolates were isolated from diseased fry, non-clinically infected fry, or 

from older carrier fish. The virulence experiments in this study also found no significant 

relationship to exist between the mortalities associated with an isolate in these 
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experiments, and the disease state of the host from which the IPNV isolate was first 

isolated. 
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CHAPTER 4 


CARRIER BROOK TROUT FRY SUSCEPTIBILITY 

TO IPN DISEASE UPON SECOND EXPOSURE 


INTRODUCTION 

Infectious pancreatic necrosis virus (IPNV) was first isolated in North America from 

brook trout, Salvelinus jontinalis, and has since been isolated from a variety of salmonid 

and non-salmonid species (Wolf, 1988). The IPN virus is now recognized as having an 

almost world-wide distribution (McAllister, 1995). 

IPNV has the potential to cause a high mortality in salmonid fry and fingerlings, and 

occasionally in older fish. In a typical epizootic, the largest fry or fingerlings are the 

first affected (Wolf, 1966). Fry with IPN typically show anorexia and a whirling 

behavior alternating with prostration. External signs ofIPN include an overall 

darkening of the infected fish, mild to moderate exophthalmia, abdominal distention, 

pale gills, and petechial hemorrhages on the ventral areas of the body. Many fish will 

also trail a white, cast-like excretion from their vent (Wolf, 1988). 

Based upon work showing that IPNV was an unenveloped, icosahedral, RNA virus, 

researchers first suspected that IPNV most closely resembled members of the reovirus 

family of viruses. However, biophysical and biochemical characteristics distinguish 

IPNV as birnaviruses (Dobos et al. 1979). 

The reciprocal cross-neutralization test was used to serotype nearly 200 different 

isolates ofbirnaviruses from various aquatic hosts (Hill and Way 1983; 1995). These 
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studies confirmed the existence of the three previously known serotypes (WB, Sp, and 

Ab), and also provided evidence for six other, new, serotypes. These nine serotypes 

(three old and six new) are thought to constitute a major serogroup (serogroup A). The 

nine serotypes have been designated AI-A9, with Al = West Buxton (WB), A2 = Sp, 

A3 = Ab, A4 = Hecht (He), AS = Tellina (Te), A6 = Canada I (CI), A7 = Canada 2 

(C2), A8 = Canada 3 (C3), A9 = Jasper (Ja). Six other isolates were found to be 

serologically unrelated and are thought to constitute another serogroup (serogroup B). 

A panel of eleven monoclonal antibodies prepared against IPNV was used to 

develop an immunodot assay for the presumptive serotyping of aquatic bimaviruses 

(Caswell-Reno et al. 1989). Using this method, they were able to distinguish four of the 

new serotypes proposed by Hill and Way (Ja, He, Te, and CI) from each other, as well 

as from the other two new serotypes (C2, and C3), and the original three serotypes (WB, 

Sp, and Ab). The type strains of the serotypes C2 and C3 could not be distinguished 

from each other. 

Within a given serotype several subtypes may exist that differ slightly in their 

reaction with the monoclonal antibodies used by Caswell-Reno et al. (Reno et al. 1994). 

Three clearly demarcated subtypes exist within the Al serotype: West Buxton, Buhl, 

and VR-299. The A2 and A3 serotypes also contain several subtypes. 

In order for a virus to be classified as virulent, it must have the ability to carry out a 

number of interactions with its host. A virus must be able to enter the host and 

overcome the hosts immune defense mechanisms, bind to and penetrate into the host 

cells, replicate, and finally weaken or destroy the infected cells. 



70 

While adult brook trout mount a strong humoral immune response when immunized 

with inactivated IPN virus, this vaccination may not protect them from infection, and 

becoming carriers of IPNV when subsequently challenged by injection with IPNV 

(Boodand et al. 1995). There is evidence that young salmonid survivors of an epizootic 

of IPN may be protected from disease caused by a homologous strain of virus, but not 

from a heterologous strain of virus (Wolf, 1988). The Al serotype is divided into several 

subtypes of IPNV, so it was of interest to know if survival of an epizootic caused by one 

subtype within the Al serotype would result in protection against subsequent challenge 

with a different subtype within the Al serotype. 

OBJECTIVES 

The objectives of this study were: 1) to determine if brook trout fry survivors of an 

experimentally-induced IPN epizootic, caused by the Buhl or West Buxton subtypes, 

were protected against a subsequent second-infection and disease caused by the opposite 

subtype (i.e., Buhl followed by West Buxton, and West Buxton followed by Buhl)., and 

2) to determine if virulence of an IPNV isolate was important in determining the level 

of protection, against a second-infection, gained by survivors of an IPN epizootic. 

METHODS AND MATERIALS 

All IPNV isolates used in this study were less than five passages in cell culture, as 

recommended by McAllister (1995). All IPNV isolates were propogated on barely 
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confluent mono layers of CHSE-214 cells (Lannan et aI, 1984). All IPNV isolates used 

in the primary and secondary exposures originated from the Snake River Drainage in 

Southern Idaho. Fish were exposed by immersion to lQ
sTCIDsoiml of virus for five 

hours. 

Six groups of21 week-old brook trout survivors of an experimental exposure to 

IPNV, were exposed a second time to a different IPNV subtype. The IPNV isolates 

used for the second exposure were known to be highly virulent in 12-15 and 16-20 

week-old brook trout (Table 4.1). The number of fish in each group was determined by 

the number of survivors from the first exposure to IPNV, and varied from 8 to 61 (Table 

4.1). The groups of brook trout were chosen to represent fish that had survived exposure 

to IPNV isolates of varying virulence. Two out of the six groups of fish were first 

exposed to a Buhl subtype IPNV isolate of no to low virulence, while another group of 

fish was first exposed to a Buhl subtype IPNV isolate of high virulence. (Classification 

methods of isolate virulence were described in Chapter 3.) Those groups offish first 

exposed to Buhl subtype isolates were later exposed to West Buxton subtype isolates. 

Another two out of the six groups offish were first exposed to a West Buxton subtype 

IPNV isolate of no to low virulence, while another group of fish was first exposed to a 

West Buxton subtype IPNV isolate of high virulence. Those groups first exposed to 

IPNV of the West Buxton subtype were later exposed to IPNV of the Buhl subtype 

(Table 4.1). 



Table 4.1. IPNV isolates and their virulence characteristics in 16-20 week-old brook trout (1st exposure) and in 21-24 week-old brook 
trout (2nd exposure) which had survived the 1st exposure to IPNV. Virulence was evaluated based on a rating system of overall 
mortality, clinical signs and titer levels in 12-15 and 16-20 week-old brook trout (described in Chapter 3). Sample size (n) is the 
number of brook trout that survived the first IPN exposure (West Buxton or Buhl subtype) to be re-exposed to a second different 
subtype (West Buxton or Buhl). Subtypes WB = West Buxton and Bu = Buhl. 

Isolate Subtype Virulence 0/0 Mortality Clinical Signs 

~XpOSJ![~ ~XPOS1U~ exposure exposure ~xPQsyre 

1st 2nd lst 2nd n 1st 2nd lst 2nd lst 2nd 

92-429 csf03585 WB Bu 61 avirulent high 13 21 No Yes 
91-137 93-321 Bu WB 49 avirulent high 16 67 No Yes 
94-158 csf03585 WB Bll 46 low high 25 20 No Yes 
93-7 93-321 Bll WB 47 low high 32 9 Yes No 
93-321 csf03585 WB Bll 11 high high 87 9 Yes No 
89-238 93-321 Bu WB 8 high high 91 50 Yes No 
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Fish were observed daily for a period of 24 days from the time of the second 

exposure. Fish were fed and mortalities removed on a daily basis. Water supplied each 

tank at a rate of approximately 200 ml/minute, which was calculated to be well within 

the carrying capacity for the amount of fish in each tank (Brown and Gratzek, 1980). 

Water temperature averaged 12° C throughout the experiment. Fish that died were 

frozen and stored for titering at -70°C. Virus titers were measured within two months 

following completion of the experiment. 

All dead fish were assayed as entire fry. Fry were homogenized using a "stomacher" 

(Col worth), and titered by terminal dilution in 96 well microtiter plates with barely 

confluent mono layers of CHSE-214 cells. 

If a sufficient amount of virus was isolated from the dead fish, sixty clones of the 

virus were prepared by terminal dilution in 96 well microtiter plates with barely 

confluent monolayers ofCHSE-214 cells. The clones were then inoculated onto 24 well 

plates of barely confluent CHSE-214 cells. After cytopathic effect resulted in the 

destruction of the cell monolayer, the supernatant from the 24 well plates was subjected 

to an immunodot procedure to determine the subtype of IPNV that had been isolated 

from the dead fish. An enzyme immunodot assay (EID) was performed in a manner 

similar to the procedure described in Caswell-Reno et al. (1989). All virus preparations 

for EID consisted of infected-cell culture supernatants clarified by centrifugation at 

100xg for 10 minutes. A 9x12 cm sheet of 0.45 llm pore nitrocellulose (Bio-Rad, 

Hercules, California) was soaked in Tris-buffered saline (TBS)(8.0 grams NaCl, 0.2 

grams KCI, and 3 grams ofTris base in 800ml of distilled water with pH adjusted to 7.5 
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with 1.0M HCI or NaOH, and then volume adjusted to one liter with distilled water.) 

and then loaded into a 96 well enzyme immunodot (dot-blot) apparatus (Bio-Rad). One 

hundred III aliquots of each virus isolate were loaded into each horizontal row of 12 

wells on the dot-blot apparatus. All virus samples contained a minimum titer of 107 

TCID50/ml. of virus. The virus samples were then drawn through the nitrocellulose 

membrane using a vacuum pump. Unbound sites on the nitrocellulose membrane were 

then blocked by adding 100 III of3% bovine serum albumin (BSA) to each well and 

allowing it to remain for 30 minutes. The remaining BSA was then aspirated from the 

wells, and the wells were rinsed three times with 200 III ofTBS. Then 100 III aliquots 

of each hybridoma cell culture supernatant (MAb) were added to each well on the dot 

blot apparatus, as appropriate. The MAb remained in the wells for 60 minutes, after 

which the remaining MAb was drawn through the membrane with a vacuum pump. The 

wells were then rinsed 3 times with 200 III of TBS. Then 100 III of a 1: 1 000 dilution of 

goat anti-mouse immunoglobulin conjugated with horseradish peroxidase was added to 

each well and drawn through the membrane by vacuum. The wells were rinsed twice 

with 200 III ofTBS. The nitrocellulose membrane was then removed from the dot-blot 

apparatus, rinsed once more in TBS, and incubated with substrate (1.7 ml of 0.3% 4

chloro-naphol in 100% methanol, 100111 of 3% hydrogen peroxide, and 8.2 ml of TBS). 

Positive reactions were indicated by a purple color developing in 2-15 minutes. To 

confirm positive reactions two types of negative controls were used. The antigen 

control was uninfected CHSE-214 cell culture supernatant. The monoclonal antibody 

control was a known bimavirus negative MAb (EO) used at concentrations similar to the 
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birnavirus-specific Mabs. An abbreviated panel of the AS-I, wi, w2, and w4 

monoclonal antibodies was used, as the full panel of eleven monoclonal antibodies was 

not necessary for distinguishing the Buhl and West Buxton subtypes (Appendix A). 

RESULTS AND DISCUSSION 

As a result of a second exposure of 21 week-old brook trout fry to IPNV belonging 

to a different subtype of serotype AI, an epizootic occurred in a group of brook trout fry 

that had been initially exposed to an avirulent Buhl subtype and were then exposed a 

second time to a highly-virulent West Buxton subtype (Table 4.1). Sixty seven percent 

of these fish died and IPN disease signs were observed on days 8-11 post second 

exposure (Figure 4.1). Two other groups of brook trout fry were initially exposed to an 

avirulent or low-virulence West Buxton subtype and then exposed a second time to a 

highly virulent Buhl subtype (Table 4.1). Signs ofIPN disease were observed on day 13 

post re-exposure in both groups (Figure 4.1). Mortalities accompanied the observation 

of clinical signs. These results indicate that a second exposure of brook trout fry with 

IPNV from the same serotype (Buhl and West Buxton subtypes both belong to the Al 

serotype) can result in a second infection and clinical IPN disease. 

Two groups of brook trout that had survived exposure to highly virulent IPNV isolates 

did not develop signs of IPN disease upon second exposure with highly virulent IPNV 

(Table 4.1). Three of the other four groups of fish that had survived exposure to less 

virulent isolates developed signs of IPN disease. Titers of IPNV from brook trout 
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Figure 4.1. Daily brook trout mortalities after a second exposure to IPNV. Points marked with an • represent the presence of clinical 
IPN signs. 
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mortalities within the three groups that developed signs of IPN disease were equal to, or 

greater than, 106
.3 TC1Dsoigram of fish tissue. Titers from brook trout mortalities from 

those groups which did not develop signs of IPN disease were either undetectable 

«101.5 TC1Dsoigram of fish tissue in the two groups previously exposed to highly 

virulent IPNV) or low (103.3 TCIDsoigram of fish tissue in group of fish previously 

exposed to low virulence IPNV) (Table 4.2). 

Table 4.2. Subtype composition and virus titer ofIPNV obtained from brook trout 
mortalities that had survived one exposure to IPNV (West Buxton or Buhl subtype) and 
had been re-exposed to an isolate of a different IPNV subtype (West Buxton or Buhl). 
Titer levels marked with a dash (-) had no detectable IPNV. Clones were obtained by 
terminal dilution of IPNV isolated from brook trout mortalities (from re-exposure 
experiment). Clones of isolates marked with an * were not made due to lack of virus. 
IPNV titers are expressed as the 10giO TCID/gram offish tissue 

Isolate Subtype IPNVTiter Subtype of Clones 
~XP2~D[~ ~xp2~Dr~ exp2sDre 

lst 2nd lst 2nd lst 2nd Bu WB 
92-429 csf03585 WB Bu 5.0 7.3 54 6 
91-137 93-321 Bu WB 7.5 60 0 
94-158 csf03585 WB Bu 5.3 6.3 60 0 
93-7 93-321 Bu WB 4.3 3.3 * * 
93-321 csf03585 WB Bu 8.0 * * 
89-238 93-321 Bu WB 8.5 * * 

Together, these findings indicate that exposure to an avirulent isolate ofIPNV may 

not confer protection to brook trout against secondary exposure to a virulent isolate of 

IPNV. Brook trout exposed to a virulent isolate of IPNV, which survive, may be 

protected against subsequent infection and disease from virulent IPNV. These findings 
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could be pertinent to the efficacy of inactivated vs. attenuated vaccines for IPNV. If 

survival of infection with an IPN virus of low virulence does not confer protection to 

fish against a subsequent second exposure with virulent IPNV, then attenuated vaccines 

may not confer protection. Killed vaccines, or sub-unit vaccines, which are currently 

under investigation (Leong and Munn, 1991), prepared against highly virulent isolates 

of IPNV may offer better prospects for protection. 

Another item of interest in this experiment was the subtype of the viruses isolated 

from brook trout that succumbed after the second IPNV exposure. The viruses used for 

the primary and secondary exposures were distinguishable from one another through the 

use ofa monoclonal antibody library (Appendix A). The clones ofIPNV isolated from 

brook trout first exposed to an avirulent Buhl subtype, and then to a highly virulent 

West Buxton subtype, were all (60 out of60) of the Buhl subtype (Table 4.2). This 

indicates that the clinical signs oflPNV and the mortalities (67.35%) were probably 

attributable to the Buhl subtype isolate used in the primary exposure. This is interesting, 

as the 91-137 Buhl isolate was previously found to be avirulent in both 12-15 and 16-20 

week-old brook trout. Reasons for this change in virulence are not clear. One might 

speculate that the highly virulent West Buxton isolate formed recombinants with the 

Buhl isolate within the brook trout. However, if this occurred, one would expect to re

isolate IPNV of the West Buxton subtype as well. The clones oflPNV isolated from 

brook trout first exposed to an avirulent or low virulence West Buxton subtype and later 

re-exposed to a highly virulent Buhl subtype, were, respectively, 90% Buhl and 10% 

West Buxton subtypes, and 100% Buhl subtype. These findings, along with the 
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observation of clinical signs of lPN, indicate that the dead fish from which the viruses 

were isolated probably died due to the highly virulent IPNV used in the second 

exposure. This indicates brook trout surviving exposure to an IPNV isolate of low 

virulence were not protected from infection and disease upon re-exposure to a virulent 

isolate of IPNV within the same serotype. 
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CHAPTERS 


CONCLUSIONS 

STUDY CONCLUSIONS 

Of the principle IPNV subtypes common to the Pacific Northwest region of the 

United States, the Buhl and VR-299 subtypes were found, on average, to be highly 

virulent in brook trout fry. The other two IPNV subtypes common to the Pacific 

Northwest, West Buxton and Jasper, were found, on average, to be moderately virulent 

in brook trout fry. All four of the IPNV subtypes contained isolates exhibiting varying 

degrees of virulence, from avirulence to high virulence. 

The Buhl and VR-299 subtypes were observed to be associated with significantly 

higher levels of mortality in 12-15 week-old brook trout fry than were associated with 

control brook trout fry. In 16-20 week-old brook trout fry, only the Buhl subtype was 

observed to be associated with significantly higher mortalities than those observed in 

control brook trout fry. 

Three epitopes on the IPN viruses were found to have a significant relationship to 

IPN associated mortality in 12-15 week-old brook trout fry, while six epitopes were 

found to have a significant relationship to IPN associated mortality in 16-20 week-old 

brook trout. 

The observation of clinical signs of lPN, and increasing titers of IPNV in tissues of 

infected brook trout were found to be significantly related to IPN associated mortality in 

brook trout fry, while the observation of IPN associated disease in the host animal from 
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which the IPNV isolates were first isolated was found to have an insignificant 

relationship to mortality in brook trout fry. 

Brook trout survivors of exposure to avirulent or low virulence IPN virus were not 

protected against infection and IPN disease as a result of re-exposure to highly virulent 

IPN virus. Brook trout survivors of exposure to highly virulent IPN virus appeared to be 

protected against infection and IPN disease as a result of re-exposure to highly virulent 

IPN virus. 

RECOMMENDATIONS FOR FUTURE RESEARCH 

In order to clarify the relationship between IPNV subtype and IPN associated 

mortality, further experiments using large and equal numbers of isolates should be 

performed. This might also be helpful in clarifying the relationship between IPNV 

epitopes and lPN-associated mortality. 

Further experimentation with re-exposure of trout fry with IPNV might be valuable 

in understanding what factors are important in conferring protection to IPNV. If control 

animals were included in the experimental design, mortality levels could be compared to 

the controls to give a better understanding of the degree of protection survival of an IPN 

epizootic confers. 
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APPENDIX A 

Reaction patterns with monoclonal antibodies of all IPNV isolates, serotypes, and 
subtypes used in the virulence experiments. For each isolate, a "1" or "0" represent a 
positive or a negative reaction, respectively, with the monoclonal antibody (i.e. epitope). 

Monoclonal Antibodies (Epitopes) 
Isolate Serotype Subtype WIIW2 W3 W4 W5 El E2 E3 E6 
89-200 Al Buhl 01011001 
89-237 Al Buhl 01011001 
89-238 Al Buhl 01011001 
90-11 Al Buhl o 1011001 

90-236 Al Buhl o 1011001 
90-76 Al Buhl 01011001 

91-114 Al Buhl 01011001 
91-137 Al Buhl 011 1 100 1 
91-63 Al Buhl 01011001 
93-3 Al Buhl o 1011001 
93-5 Al Buhl o 101 100 1 

93-507 Al Buhl o 101 100 1 
93-7 Al Buhl o 101 100 1 

94-021 Al Buhl o 101 100 1 
94-187 Al Buhl o 101 100 1 
Buhl Al Buhl o 101 100 1 

Crayfish Al Buhl o 101 100 1 
CSF-"old" IPNV Al Buhl o 101 100 1 

CSF-009-94-3 Al Buhl o 101 100 I 
CSF-035-85 Al Buhl o 101 100 I 
CSF-064-93 Al Buhl o 1 0 1 100 1 
CSF-183-82 Al Buhl o 1 0 I 100 I 
CSF-191-77 Al Buhl o 101 100 1 
CSF-266-89 Al Buhl o 101 100 

Domsea Al Buhl o 101 100 1 
H VAT 9-10-86 Al Buhl o 101 100 

Id PO Al Buhl o 101 100 1 
Mojave Al Buhl o 101 100 

mv-94-167 Al Buhl o 101 100 
Stoddard Al Buhl o 1 0 I 100 

86-Q Al VR-299 o I 1 1 100 I 
Berlin Al VR-299 o 111 100 1 

I 

1 

I 
I 
I 
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Appendix A, Continued. 

Monoclonal Antibodies (Epitopes) 
Isolate Serotype Subtype WIIW2 W3 W4 WS El E2 E3 E6 
CL-2I4 Al VR-299 o 11 I 1001 
Coho Al VR-299 o 11 I 1001 
CTT Al VR-299 o 1111001 

Lava Lake Clone Al VR-299 o I I I 100 
Menhaden Al VR-299 o 111 100 

Oswayo Al VR-299 o 1 I 1 100 I 
Pelton Dam Al VR-299 o 111 100 1 

RI Al VR-299 o I I I 100 I 
Roaring River Al VR-299 o III 100 I 

WF75 Al VR-299 o 111 100 1 
92-429 Al West Buxton I 101 100 1 
93-321 Al West Buxton I 101 100 I 
93-330 Al West Buxton 1 101 100 I 
94-158 Al West Buxton 1 101 100 1 
94-273 Al West Buxton 1 101 100 1 

Sawtooth Al West Buxton 1 101 100 1 
West Buxton Al West Buxton 1 111 100 1 
Norway C-33 A2 Sp o 100 1 000 
Norway H-44 A2 Sp o 100 I 000 

Sp A2 Sp o 100 1 000 
Ab A3 Ab 1 000 1 1 0 1 

EVE A3 Ab I 000 1 I 1 1 
SGV A3 Ab 1 000 1 1 1 0 
Hecht A4 Hecht o 000 o 0 0 0 

AS A6 Canada 1 o 000 1 1 0 1 
Canada 1 A6 Canada 1 o 000 1 1 0 1 

Doug Ramsey A6 Canada 1 o 000 1 1 0 1 
Canada 2 A7 Canada 2 o 000 000 1 
Canada 3 A8 Canada 3 o 000 000 1 
92-326 A9 Jasper 1 111 1 000 
94-434 A9 Jasper 1 101 1 000 
94-435 A9 Jasper 1 101 1 000 
94-445 A9 Jasper 1 101 1 000 
94-446 A9 Jasper 1 101 100 0 

CF-CTH 9/86 A9 Jasper 1 101 100 0 
Jasper A9 Jasper 1 111 1 000 
W17 A9 Jasper 1 111 1 000 



APPENDIXB  

Virulence scores for individual IPNV isolates for two ages of brook trout. Scores were based on pre-described virulence 
thresholds (1 =virulent, 0 = non-virulent) for three categories: % mortality (%Mort.), presence of clinical signs (Clinical?), and virus 
titir (Titer). Scores were totaled within the two age groups and totals between age groups were combined. Isolates that had been 
passed more than 5 times in cell culture prior to virulence experiments are marked with an *. Subtypes Bu = Buhl, WB = West 
Buxton, Cl = Canada 1, C2 = Canada 2, C3 = Canada 3, and Ja = Jasper. 

12-15 W~~k-~Id Bro~k Tr~ut 16-20 W ~ek-~Id Br~~k Trout All 
Isolate Subtype %Mort. Clinical? Titer Total %Mort. Clinical? Titer Total CombinedTotal 

CSF-183-82 Bu 0 0 1 1 1 1 1 3 4 
94-021 Bu 0 0 0 0 0 0 0 0 0 

93-7 Bu 0 0 0 0 0 1 0 1 1 
91-137 Bu 0 0 0 0 0 0 0 0 0 

CSF-"old" IPNV Bu 0 1 1 2 0 0 1 1 4 
H VAT 9-10-86 Bu 1 1 1 3 1 1 1 3 6 

CSF-191-77 Bu 1 1 1 3 1 1 1 3 6 
91-114 Bu 1 1 1 3 1 1 1 3 6 
89-237 Bu 1 1 1 3 1 1 1 3 6 
93-5 Bu 1 1 1 3 1 1 1 3 6 

mv-94-167 Bu 1 1 1 3 1 1 1 3 6 
89-200 Bu 1 1 1 3 1 1 1 3 6 
IdPO Bu 1 1 1 3 1 1 1 3 6 
Buhl Bu 1 1 1 3 1 1 1 3 6 

Domsea Bu 1 1 1 3 1 1 1 3 6 
\Q 
N 



Appendix B, Continued. 

12-15 W~~k-Qld BrQQk TrQlIt 16-20 W~~k-Qld Brook Trout All 
Isolate Subtype %Mort. Clinical? Titer Total %Mort. Clinical? Titer Total CombinedTotal 
90-236 Bu 1 1 1 3 1 1 1 3 6 
94-187 Bu 1 1 1 3 1 1 1 3 6 

Crayfish Bu 1 1 1 3 1 1 1 3 6 
93-3 Bu 1 1 1 3 1 1 1 3 6 

CSF-009-94-3 Bu 1 1 1 3 1 1 1 3 6 
91-63 Bu 1 1 1 3 1 1 1 3 6 

Stoddard Bu 1 1 1 3 1 1 1 3 6 
93-507 Bu 1 1 1 3 1 1 1 3 6 

CSF-266-89 Bu 1 1 1 3 1 1 1 3 6 
CSF-035-85 Bu 1 1 1 3 1 1 3 6 

IDAHO-90-11 Bu 1 1 1 3 1 1 1 3 6 
CSF-064-93 Bu 1 1 1 3 1 1 1 3 6 

90-76 Bu 1 1 1 3 1 1 1 3 6 
89-238 Bu 1 1 1 3 1 1 1 3 6 
Mojave Bu 1 1 1 3 1 1 1 3 6 
WF75 * VR-299 0 0 0 0 0 0 0 0 0 

Berlin * VR-299 0 1 1 2 0 0 0 0 2 

RI* VR-299 1 1 1 3 0 1 1 2 5 

CIT VR-299 1 1 1 3 0 1 1 2 5 


Lava Lake clone VR-299 1 1 1 3 0 1 1 2 5 
CL-214 VR-299 1 1 1 3 1 1 3 6 

oswayo VR-299 1 1 1 3 1 1 1 3 6 

Pelton Dam VR-299 1 1 1 3 0 1 1 2 5 
Roaring River VR-299 1 1 1 3 1 1 3 6 \0 

w 



Appendix B, Continued. 

12-15 Week-~Id Br~~k Tr~lIt 16-20 Week-old Brook TrOllt All 
Isolate Subtype %Mort. Clinical? Titer Total %Mort. Clinical? Titer Total CombinedTotal 
Coho VR-299 1 1 1 3 1 1 1 3 6 

86-Q VR-299 1 1 1 3 1 1 1 3 6 


Menhaden VR-299 1 1 1 3 1 1 1 3 6 

92-429 WB 0 0 0 0 0 0 0 0 0 


94-273 WB 0 0 0 0 0 0 0 0 0 


94-158 WB 0 0 0 0 0 1 0 1 1 


93-330 WB 1 1 1 3 0 1 1 2 5 


West Buxton WB 1 1 1 3 0 1 1 2 5 
93-321 WB 1 1 1 3 1 1 1 3 6 


Sawtooth WB 1 1 1 3 1 1 1 3 6 
Sp Sp 0 0 0 0 0 0 0 0 0 

NORWAYH-44 Sp 1 1 0 2 0 1 1 2 4 

NORWAYC-33 Sp 1 1 0 2 0 0 1 1 3 
EVE Ab 0 0 0 0 0 0 0 0 0 

SGV Ab 0 0 0 0 0 0 0 0 0 

Ab Ab 0 0 0 0 0 0 0 0 0 

He He 0 0 0 0 0 0 0 0 0 

Canada 1 Cl 0 1 1 2 1 1 1 3 5 

Doug Ramsey Cl 1 1 1 3 0 1 1 2 5 

AS Cl 1 1 1 3 1 1 1 3 6 

Canada 2 * C2 1 1 1 3 0 0 1 1 4 

Canada 3 C3 0 1 1 2 0 1 1 2 4 

94-446 Ja 0 0 0 0 0 0 0 0 0 

W17 Ja 0 0 1 1 0 1 1 2 3 \0 
+>. 



Appendix B, Continued. 

12-15 W~~k-old Brook Trout 16-20 W~~k-old Brook Trollt All 
Isolate Subtype %Mort. Clinical? Titer Total %Mort. Clinical? Titer Total CombinedTotal 
92-326 Ja 0 1 1 2 0 1 1 2 4 
94-445 Ja 0 0 0 0 0 1 1 2 2 
Jasper * Ja 0 0 0 0 0 0 0 0 0 

CF-CTH 9/86 Ja 1 1 1 3 0 1 1 2 5 
94-435 Ja 1 1 1 3 0 1 1 2 5 
94-434 Ja 1 1 1 3 0 1 1 2 5 
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APPENDIXC  

Infectious pancreatic necrosis virus epitopes (monoclonal antibody binding sites) 
found to have a significant relationship with mortality, and the statistical models 
relating the best fit of the epitopes to the observed mortalities. The wI and w2 epitopes 
exhibited identical prevalence on IPNV isolates (If wI was present, then w2 was 
present. Ifwl was not present, then w2 was not present), and are listed together. 

EXPERIMENT 1 (12-15 WEEK-OLD BROOK TROUT) 

Significant Epitopes 

w1/w2, and w5 

Statistical Model 

logit (mortality) = 0.5703 -1.2930(w1Iw2) + 0.9071(w5) 

p = 0.0110, for F = 6.84 with 1 and 66 degrees of freedom and deviance = 1052 

EXPERIMENT 2 (16-20 WEEK-OLD BROOK TROUT) 

Significant Epitopes 

wllw2, w3, w4, w5, and e6 

Statistical Model 

logit (mortality) =-1.1650 + 0.6471(e6) + 0.1824(w3) -1.2550(w4) 
- 1.4420(w1Iw2) +1. 776(w5) 

p = 0.0302, for F = 4.92 with 1 and 63 degrees of freedom and deviance = 1179 




