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Adaptation of Molecular Filtration for
Recovery of Fish Viruses from Water

INTRODUCTION

Infectious hematopoietic necrosis virus (IHNV) produces a severe

disease in susceptible salmonid species and often causes high

mortalities. This virus can survive approximately seven weeks in

water (Wedemeyer et al., 1978) and can easily be transmitted from

fish to fish (Wingfield and Chan, 1970). Epizootics occurring in

hatchery fish may result from water-borne transmission of IHNV shed

by infected and carrier fish in hatchery water supplies. Infectious

hematopoietic necrosis virus has been isolated from natural aquatic

systems but only when present in high concentrations (Leong and

Turner, 1979; Mulcahy et al., 1983). An effective method for

concentrating large volumes of water is required for detection of low

numbers of IHNV.

The purpose of this study was to adapt a tangential flow

filtration (TFF) procedure which was developed by Millipore

Corporation to use in recovering low numbers of IHNV from large

volumes of water. To optimize this procedure it was necessary to

examine the stability of IHNV in water along with the effects of

selected factors on the efficiency of virus recovery during

filtration. The performance of TFF in field studies was also

investigated.

In laboratory studies, it was found that addition of fetal

bovine serum to IHNV-seeded water was necessary to stabilize the
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virus during filtration. Virus recoveries of approximately 95% were

obtained following concentration by TFF. In field studies, IHNV was

detected in 50 1 volumes of water samples collected at Round Butte

Hatchery where IHNV is enzootic.
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LITERATURE REVIEW

Infectious Hematopoietic Necrosis Virus

Historical Background on IHNV

Studies on infectious hematopoietic necrosis virus (IHNV) have

been reviewed by McAllister (1979) and Pilcher and Fryer (1980). The

occurrence of what is now presumed to be IHNV was first reported

among sockeye salmon (Oncorhynchus nerka) in hatcheries in the state

of Washington by Rucker et al. (1953). In 1958, an outbreak of viral

etiology occurred among sockeye salmon at Willamette River Salmon

Hatchery in Oregon (Wingfield et al., 1969), and among chinook salmon

(Oncorhynchus tshawytscha) in a hatchery in California (Parisot

and Pelnar, 1962). As a result of similarities in clinical and

histopathological manifestations, and in biochemical, morphological

(Amend and Chambers, 1970) and antigenic (McCain et al., 1971)

properties among the isolates, the name infectious hematopoietic

necrosis virus (Amend et al., 1969) was used as a collective

designation. Since those early observations, the presence of IHNV

has been reported in western Canada (Amend et al., 1969; Williams

and Amend, 1976), Alaska (Grischkowsky and Amend, 1976), and Japan

(Sano et al., 1977).

The appearance of IHNV disease in hatchery stocks is often

characterized by an explosive epizootic accompanied by high

mortality. Natural infections have occurred in sockeye salmon

(Wingfield et al., 1969; Williams and Amend, 1976; Grischkowsky

and Amend, 1976), chinook salmon (Parisot and Pelnar, 1962), and

rainbow trout (Salmo gairdneri) (Amend et al., 1969). Wingfield
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and Chan (1970) reported that under experimental conditions,

steelhead (Salmo gairdneri) and rainbow trout, and sockeye salmon

were susceptible to IHNV, with the highest mortality (80-100%) among

newly hatched fish. Coho salmon (Oncorhynchus kisutch) were found

to be resistant to the virus. Fish surviving epizootics can become

lifelong carriers of the virus, shedding it in sex fluids during

spawning (Amend, 1975). Transmission of the virus is believed to be

either by horizontal (Wingfield and Chan, 1970; Mulcahy et al., 1983)

and/or by vertical (Carlisle et al., 1979; Mulcahy and Pascho, 1985)

modes.

Fish infected with IHNV display signs including abdominal

swelling, exophthalmia, anemia, darkening coloration, and petechial

hemorrhages at the base of fins, or on the fat or mesenteries (Rucker

et al., 1953; Parisot and Pelnar, 1962; Amend et al., 1969).

Histologically, the hematopoietic tissue of the anterior kidney and

spleen are severely necrotic, as are tissues of the liver, pancreas,

and alimentary tract (Amend et al., 1969; Yasutake, 1970).

Physical Properties of IHNV

Infectious hematopoietic necrosis virus, a member of the

rhabdovirus group, is characterized by the following properties.

An electron microscopic study (Amend and Chambers, 1970) showed

the morphology of IHN virions as being bullet-shaped and averaging

approximately 90 nm in diameter and 160 nm in length. Virions

possessed an outer coat 15 nm thick, an inner core 60 nm in diameter,

and an axial pore 5 nm in diameter. Ether sensitivity of INHV

indicated the presence of essential lipids necessary for viral
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infectivity (Wingfield et al., 1969; Wingfield and Chan, 1970).

Five structural proteins were found, using sodium dodecyl

sulfate-polyacrylamide gel electrophoresis. These proteins had

molecular weights of 157,000, 72,000, 40,000, 25,000, and 20,000

and were designated L, G, N, M1, and M2, respectively (McAllister

and Wagner, 1975). Hill et al. (1975) demonstrated the presence

of five structural proteins, but of somewhat higher molecular

weights. The RNA isolated from IHNV is single-stranded (Wingfield

and Chan, 1970; McAllister et al., 1974; McCain et al., 1974) and has

a sedimentation coefficient of approximately 38-40 S (McCain et al.,

1974). The optimum temperature range for virus replication was shown

to be 13-18° C; no viral replication occurred at 23° C, though

this temperature is within optimum range for multiplication of host

cells (Wingfield et al., 1969).

Survival Characteristics of IHNV

The stability of IHNV under various environmental conditions was

studied by Pietsch et al. (1977). Virus survival was not affected

within the pH range of 6 to 8, but virus infectivity was reduced at

pH 5 and 9. Water hardness between 10 and 300 parts per million (ppm)

CaCO3 had no effect on virus survival. But, salinity distinctly

affected survival of IHNV. It was observed that infectivity was lost

more rapidly when the virus was suspended in seawater or Hanks' or

Earle's balanced salt solution than in distilled water. Addition

of 10% calf serum to these solutions provided protection to the

virus. Toranzo and Hetrick (1982) and Barja et al. (1983) showed

that salinity was detrimental to IHNV survival. At 15° C, a
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reduction in virus titer of 99.9% was obtained twice as rapidly

when the suspending medium was seawater, compared to river water.

Wedemeyer et al. (1978) found that IHNV survived up to 7 wk when held

in hard (120 ppm CaCO3) and soft (30 ppm CaCO3) lake water, at 10° C,

and survived 2 wk when held in phosphate-buffered distilled water.

Temperature also influenced IHNV survival. Virus survival was

good at -70° and -20° C; however, infectivity decreased with

increased temperatures, and complete inactivation of IHNV occurred

within 8 h when the suspending medium (minimum essential medium

containing 10% fetal calf serum (MEM-10)) was held at 32° C (Pietsch

et al., 1977). Gosting and Gould (1981) reported rapid inactivation

of IHNV when held at 32° C but detected no significant decrease in

virus titers after 6.5 h when IHNV suspended in MEM-1 was held at 22°

and 8° C. Virus suspended in dechlorinated tapwater lost

approximately 90% infectivity in 24 h and 5 d when maintained at 21°

and 4° C, respectively (McAllister et al., 1974). Barja et al. (1983)

found that approximately 5 d were required to inactivate 90% of the

virus at 15° and 20° C when the suspending medium was river water.

Infectious Pancreatic Necrosis Virus

Physical Properties of IPNV

In reviews of studies on fish viruses, McAllister (1979) and

Pilcher and Fryer (1980) reported that electron micrographs of

infectious pancreatic necrosis virus (IPNV) showed that virions are

unenveloped icosahedrons, 55-74 nm in diameter. The single capsid of

IPNV is composed of 180 structural subunits, which are arranged to
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form 80 hexamers and 12 pentamers on the surface of the virion.

Infectious pancreatic necrosis virus has a two-segmented

double-stranded RNA and is classified in the group Birnaviridae

(Dobos et al., 1979).

Survival Characteristics of IPNV

The survival and inactivation of IPNV in stream and well water

was examined by Tu et al. (1975). They reported that IPNV at 4° C

in these waters was stable 10 d, and that loss of infectivity was

exponential between 10 and 45 d. At 15° C, the virus was stable for

5 d and had a half-life of 5-6 d. IPNV survival in fresh, estuarine,

and sea water was examined by Toranzo and Hetrick (1982) and Barja

et al. (1983). IPNV exhibited greatest stability in estuarine water

at 15° C. The time required for a 3-log decrease in virus titer was

27 d, more than twice as long as at 20° C. Lowest viability of IPNV

occurred in freshwater at 20° C, and a 99.9% loss in virus infectivity

occurred in 9 d. The virus survived approximately 2 wk in seawater

at both temperatures. Wedemeyer et al. (1978) found that IPNV was

stable at least 8 wk in phosphate-buffered distilled water, and hard

and soft lake waters.

The stability of IPNV under adverse conditions has been examined.

The thermal stability of the virus was demonstrated by Gosting and

Gould (1981). Complete inactivation of the virus, suspended in cell

culture medium, occurred within 16 h when the medium was maintained at

60° C; however, infective virus particles were detected after 22 h

when the medium was held at 50° C. MacKelvie and Desautels (1975)

reported that IPNV survived drying in air at laboratory temperature
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and humidity for 5 wk and survived incubation at pH 2 and 9 for an

equal amount of time.

Methods of Virus Detection from Aqueous Samples

A major problem facing environmental health specialists is the

lack of standard and reliable methodologies for detection and

isolation of virus particles from water. This problem is hampered

greatly by the fact that viruses are unable to replicate outside

living cells. The American Public Health Association (APHA) (1980)

suggested that volumes of one liter or less may suffice for recovery

of enteric viruses from raw or primary treated sewage. Drinking water

and other relatively nonpolluted waters may have virus levels so low

that hundreds or thousands of liters must be sampled, in order to

increase the chance for virus detection.

Viruses are basically protein, and biochemical methods for

concentrating macromolecular proteins have been examined as ways for

concentrating viruses from water. Several methods, including

membrane-adsorption and elution, adsorption to precipitable salts,

aqueous polymer two-phase separation, and ultrafiltration, have been

reviewed (Hill et al., 1971; Sobsey, 1976; Goyal and Gerba, 1982).

Successful use of these techniques appears to be dependent upon the

quality and volume of water, and the type of virus tested.

Membrane-Adsorption and Elution

The membrane-adsorption and elution technique has been

investigated extensively and is considered the most promising

technique for detecting viruses from aqueous suspensions (Sobsey,
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1976; APHA, 1980). The technique, as described by Hill et al. (1971),

involves the concentration of virus from fluids by adsorption of virus

to filter membranes, followed by elution into smaller volumes.

Elution of virus particles is usually accomplished by raising the pH

and/or by addition of proteinaceous substances such as serum, beef

extract, albumin, and nutrient broth. The eluent can be concentrated

further (reconcentration) by adsorption to a secondary filter,

followed by elution. Alternately, the eluent can be reconcentrated

by organic flocculation (Katzenelson et al., 1976). The

membrane-adsorption and elution procedure is potentially capable of

processing large volumes of water (Wallis et al., 1972; Melnick et

al., 1984; Guttman-Bass et al., 1985).

Many factors, such as size of virus, addition of salts, presence

of substances competing for membrane adsorption sites, and pH,

influence virus adsorption onto membrane filters. The concentration

of enteroviruses from crude virus harvests onto cellulose nitrate

filters was first accomplished by Wallis and Melnick (1967a). They

reported that addition of salts to virus-suspending medium enhanced

adsorption and that with increased salt valency, less salt was

required for the same degree of virus adsorption (Wallis et al.,

1972). Rao and Labzoffsky (1969) reported that adsorption of

poliovirus from river water was enhanced by the addition of 200 ppm

calcium salts to 500 ml of river water. Tschider et al. (1974) used

magnesium chloride in distilled water to prevent loss of infectious

bovine rhinotracheitis virus, a herpesvirus, during filtration. But,

high concentrations of cations can result in virus elution from

filters (Cliver, 1965).
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Control of pH is also important in virus adsorption onto membrane

filters. At high pH, viruses are negatively charged; whereas, at low

pH, they are positively charged (Mix, 1974). Kessick and Wagner

(1978) determined that cellulose nitrate, cellulose acetate, and

epoxy-fiberglass filters retain a negative charge between pH 2.0 and

11.5, and suggested that this negative charge attracts viruses in

suspensions of low pH. Adjustment of virus-suspending medium to pH 5

or below enhanced poliovirus adsorption (Wallis and Melnick, 1967a),

and poliovirus (in 380 1 of tapwater) was efficiently adsorbed to

filters by acidification of the water to pH 3.5, even in the absence

of added salts (Sobsey et al., 1973).

The presence of proteinaceous and other organid substances in the

water can interfere with virus adsorption to filters. These organic

compounds are referred to as membrane-coating components (MCC) and can

be removed by passing water and sewage samples through anion-resin

columns (Wallis and Melnick, 1967a; 1967b). Virus adsorption to

filters can be inhibited by pretreatment with serum or gelatin

(Cliver, 1965). Similarly, virus can be eluted with proteins and high

pH (Wallis and Melnick, 1967a; 1967b).

Major limitations of the membrane-adsorption and elution

technique are related to the type of water to be filtered for virus

detection. Particulate matter suspended in water has a tendency to

clog filters, limit the volume that can be processed efficiently, and

possibly interfere with virus elution. Dissolved organic matter can

interfere with virus adsorption, possibly by competing with viruses

for adsorption sites (Wallis and Melnick, 1967b; Sobsey et al., 1973;

Farrah, Goyal, Gerba, Wallis, and Shaffer, 1976). As samples are
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passed through adsorbent filters, the MCC can accumulate to such an

extent that viruses can no longer adsorb.

Despite these problems, the membrane-adsorption and elution

technique has been used to concentrate seeded poliovirus from large

volumes of water (378 1 of tapwater), with recoveries of approximately

77% (Sobsey et al., 1973). Farrah, Gerba, Wallis, and Melnick (1976)

recovered seeded poliovirus from 472-1900 1 of tapwater (52%), 378 1

of seawater (53%), and 19-190 1 of secondarily treated sewage (50%).

A recent development is the use of positively charged filters

(Sobsey and Jones, 1979; Sobsey and Glass, 1980) which may eliminate

need for pH alterations and added salts. These filters have only been

optimized with tapwater and their efficiency with other types of water

has not been widely tested.

Adsorption to Precipitable Salts

The principle of virus concentration by adsorption to

precipitable salts is similar to that used in membrane-adsorption and

is dependent on adsorption capabilities of viruses. Efficient

adsorption requires controlled pH and ionic conditions, suggesting

electrostatic forces between the negatively charged viruses and

positively charged inorganic salts are involved (Sobsey, 1976).

Viruses can adsorb to salt precipitates (flocs) added to aqueous

samples. The flocs are collected by filtration or centrifugation and

can either be inoculated directly onto cells, or viruses can be eluted

by addition of proteinaceous substances.

Wallis and Melnick (1965; 1967c) studied the ability of aluminum

phosphate, aluminum hydroxide, and calcium phosphate flocs to



12

concentrate a wide variety of viruses seeded to aqueous suspensions

and sewage effluents. Enteric (polio-, echo-, and coxsackie-) and

non-enteric (herpes- and myxo-) viruses adsorbed readily on aluminum

hydroxide flocs. Reovirus did not adsorb to any of the salts used.

Using quantitative tests, approximately 80% of the seeded viruses

(herpesvirus, measles, poliovirus, and echovirus) were recovered. In

field tests, Wallis and Melnick (1967c) isolated viruses from 3.8 1 of

sewage samples by concentration onto preformed aluminum hydroxide

flocs. Flocs were collected on filters and adsorbed viruses were

recovered when flocs were resuspended in medium containing 10% FBS.

In a similar procedure, ferric hydroxide flocs added to surface

water was used as the virus adsorbent (Shaefer, 1971). To recover

adsorbed virus, the flocs were collected by filtration and treated

with 3% beef extract pH 8.

Virus adsorption to precipitable salts has been a useful

procedure for the reconcentration of viruses in eluents of filters.

Aluminum hydroxide flocs formed in situ were capable of concentrating

viruses in eluents of filters used to process large volumes (400 1) of

estuarine waters (Farrah et al., 1977). Flocs were collected by

centrifugation and virus eluted from the flocs with small volumes of

glycine at pH 11.5 (Farrah, Wallis, Shaffer, and Melnick, 1976).

The technique involving adsorption to precipitable salts is

limited in the volume of sample that can be processed, being confined

to about an 8 1 capacity (Hill et al., 1971). But this method can be

performed as a second-step virus concentration procedure.
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Aqueous Polymer Two-Phase Separation

Albertsson (1967) reviewed studies on the use of two-phase

separation technique. This technique consists of dissolving two

different organic polymers in water. Under specific conditions of

salt, pH, and polymer concentrations, two separate phases may be

produced and viruses can be partitioned into one of the two aqueous

phases. Polymer mixtures such as dextran-polyethylene glycol and

sodium dextran sulfate-polyethylene glycol have been used to

concentrate viruses from aqueous solutions. In this procedure, the

sample is mixed with dextran sulfate and polyethylene glycol and

refrigerated until two phases form (Albertsson, 1967; Shuval et al.,

1967). The small bottom phase contains the virus and is removed and

collected. Potassium chloride is added to this phase to precipitate

the dextran sulfate, and following centrifugation, virus can be

detected in the supernatant. Poliovirus seeded in 640 ml of distilled

water was concentrated by this method, resulting in virus recovery

efficiencies ranging from 37 to 98% (Shuval et al., 1967). The

aqueous polymer two-phase separation system also has been used to

concentrate and detect enteroviruses from sewage samples during field

tests (Lund and Hedstrom, 1966).

Shuval et al. (1969) used a two-step phase separation procedure

to recover poliovirus seeded in 2 and 3 1 samples of water. As few as

one or two virus particles per liter of sample could be recovered.

They also used this procedure to isolate enteric viruses from 1 1

samples of raw sewage samples collected during field studies.

Similarly, Nupen (1970) applied this technique to achieve 40% virus

recoveries of poliovirus seeded in tapwater and to isolate virus from
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wastewater during field studies. Infectious pancreatic necrosis virus

was concentrated from tapwater and approximately 65% was recovered in

the dextran sulfate phase (Grinnell and Leong, 1979).

The aqueous polymer two-phase technique has been useful in

concentrating viruses in small volumes, approximately 2 to 3 1, of

aqueous suspensions. It has been especially useful in detection of

viruses from turbid sewage samples. The major disadvantage of this

technique is the use of dextran sulfate, which may inhibit attachment

of some viruses to cells (Grindrod and Cliver, 1969).

Ultrafiltration

The theory and application of ultrafiltration have been reviewed

by Strohmaier (1967) and Gabler (1984). This procedure consists of

passing solutions through filter membranes with pore sizes that allow

passage of water and low molecular weight particles but retain viruses

and macromolecules. Viruses can be concentrated either onto membranes

or in the liquid portions that do not pass through the membranes.

Because such small pore sizes are used, accumulation of particulate

matter is a major problem, particularly in systems that employ direct

passage of fluids through the filters (Farrah and Bitton, 1982).

Fluid flow directed across ultrafilter membranes (tangential flow)

have been used to reduce clogging problems. These filters are

arranged either in stacked arrays (Gangemi et al., 1977; Mathes et

al., 1977; and Berman et al., 1980) or in hollow tubes (Belfort et

al., 1975; 1976).

Berman et al. (1980) reported use of tangential flow filtration

(TFF) to recover seeded poliovirus from 2 and 4 1 of distilled water.
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The principle of TFF has been used by Gangemi et al. (1977) and Mathes

et al. (1977) to concentrate arenavirus and infectious feline leukemia

virus from tissue culture fields. Recoveries of >90% were reported

for both viruses.

Cellulose acetate hollow fibers were used by Belfort et al.

(1975) to concentrate seeded poliovirus in 5 1 of water.

Approximately 40% of the virus was recovered from the 100 ml

concentrate. Additional virus, approximately 50%, could be recovered

by backwashing. Fifty-liter volumes of poliovirus-seeded deionized

water and tapwater were filtered with an asymmetric polysulphone

hollow fiber membrane, resulting in average recoveries of 77 and 52%,

respectively (Belfort et al., 1976).

Clogging of filter membranes is a major problem associated with

ultrafiltration, limiting sample sizes and usefulness in processing

turbid waters. Although tangential flow of fluids can reduce

accumulation of particles on the filter surface, particulates

infiltrating the pores and settling in the filter channels can result

in inefficient processing of samples (Strohmaier, 1967).

The ultrafiltration procedure is advantageous in its independence

of pH changes and requirements for added polycations. Shibley et al.

(1980) reported that >90% of two strains of Epstein-Barr virus, a

herpesvirus containing a lipoprotein envelopes, were concentrated from

10 1 of clarified tissue culture fluid.
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METHODS AND MATERIALS

Cultivation of Cell Lines

Cell Lines

The cell lines used to propagate virus in this study were chinook

salmon embryo (CHSE-214) (Lannan et al., 1984) and epithelioma

papillosum cyprini (EPC) (Tomasec and Fijan, 1971) cells. The

CHSE-214 cells were incubated at 16° C and the EPC cells at 22° C.

Methods of fish cell line culture used were described by Wolf and

Quimby (1976).

Media and Glassware

Cell Culture Growth Media

The CHSE-214 and EPC cell lines were grown in Eagle's minimum

essential medium (MEM) with Earle's salts (Gibco Laboratories) which

was supplemented with 10% fetal bovine serum (MEM-10) (Hyclone

Laboratories), penicillin (100 i.u. /ml) (Gibco Laboratories), and

streptomycin (100 ug/ml) (Gibco Laboratories). The CHSE-214 growth

medium was buffered with 7.5% sodium bicarbonate (MEM-10 bicarbonate).

Epithelioma papillosum cyprini cells were cultivated in medium

buffered with Tris (Hydroxymethyl) aminomethane (Sigma) (MEM-10

Tris).

Antibiotic Incubation Solution

Samples to be titrated by plaque assays were incubated in Hanks'

balanced salt solution (HBSS). This solution was supplemented with

Antibiotic-Antimycotic Solution (10%) (Gibco Laboratories) and

gentamicin (50 ug/ml) (Gibco Laboratories).
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Overlay Media

Epithelioma papillosum cyprini cells used in plaque assays were

overlaid with MEM supplemented with 5% fetal bovine serum (MEM-5)

containing 1% methyl cellulose (Fisher Scientific Co.). The CHSE-214

cells were overlaid with MEM-5 bicarbonate containing 0.8% gum

tragacanth (Fisher Scientific Co.).

Glassware

Plastic tissue culture flasks (Corning Glass Works) with surface

areas of 150, 75, and 25 cm2 were used in cultivation of cells lines

and propagation of virus stocks. Plaque assays were conducted using

cells grown in 2.0 (Falcon), 4.5 (Flow Laboratories), and 9.6 (Falcon)

cm2 multi-well tissue culture plates. Serum neutralization tests were

performed in 96 well microtiter plates (Flow Laboratories).

Preparation of Virus Stocks

Stock cultures of IHNV (Round Butte Laboratory Hatchery isolate)

were prepared for use in water filtration and virus survival

experiments. Volumes of 0.3-0.5 ml of IHNV suspensions were

inoculated onto confluent monolayers of CHSE-214 grown at 16° C in

150 cm2 tissue culture flasks, giving an approximate multiplicity of

infection (MOI) of 1.0. The virus was harvested at 10 d, when lytic

cultures were observed. The media were clarified by low speed

centrifugation (4068 x g) for 10 min and aliquots stored at -70° C.

An IPNV (VR299) stock was grown in a 75 cm2 flask of CHSE-214

cells. Following a 4 d incubation period at 16° C, when cytopathic

effects (CPE) had destroyed the entire monolayer of cells, the medium



was harvested, clarified, and small volumes stored as described

previously.

Plaque Assays

18

Enumeration of virus was accomplished.by plaque assays similar to

those described by Burke and Mulcahy (1980). To remove bacterial and

fungal contaminants, water samples following filtration and survival

studies were either filtered using a 0.22 or 0.45 um filter (Gelman)

or stored overnight at a 1:1 ratio in the antibiotic incubation

solution. Dilutions of the samples were made in MEM without fetal

bovine serum (MEM-0 Tris) and inoculated onto confluent monolayers of

EPC cells. Inocula of 0.05, 0.1, and 0.2 ml were placed on cells

grown in 2.0, 4.5, and 9.6 cm2 multi-well tissue culture plates,

respectively. Following adsorption for 1 h at 16° C, 0.5-2.0 ml of

overlay medium was added and the plates were stored in loosely sealed

plastic bags to prevent drying of the cell sheet. After incubation at

16° C for 7 d, the cells were fixed with formalin (37%) and stained

with crystal violet (1%). Plaque counts were made using a dissecting

microscope at lox magnification, and plaque-forming units per

milliliter (pfu/ml) were calculated and recorded.

Water samples to be tested for IPNV were titrated in a plaque

assay similar to that used for IHNV. Samples were stored at a 1:1

ratio in antibiotics, diluted in MEM-0 bicarbonate, and inoculated

onto confluent monolayers of CHSE-214 cells. The virus was adsorbed

for 1 h at 16° C; the cells were then overlaid. Following a 3 d
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incubation at 16° C the cells were fixed and stained, and the plaques

enumerated.

Virus Survival Studies

To optimize conditions for virus recovery, the effects of water

hardness, supplemental protein, and temperature on virus survival were

examined. Survival of IHNV and IPNV in deionized water was compared

to survival in water containing 500 ppm CaCO3 (Horwitz, 1970). The

survival of these viruses in deionized water supplemented with 0.1%

FBS and water containing 500 ppm CaCO3 supplemented with FBS was

compared. The survival assays were performed by seeding

concentrations of approximately 1 x 104 pfu/ml into 100 ml of sample

solution contained in 250 ml flasks. These flasks were placed on a

reciprocating shaker (68 cycles/min) at 116 C and samples taken at 0,

4, 8, and 12 h.

To determine favorable conditions for virus studies, temperature

effects on the inactivation of IHNV were tested. Infectious

hematopoietic necrosis virus was seeded into flasks containing

deionized water, and deionized water supplemented with 0.1% FBS.

These flasks were held on reciprocating shakers at 5, 11, and 19° C

and samples taken at 0, 4, 8, and 12 h.
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Water Filtration and Virus Concentration Procedures

Tangential Flow Filtration

Principle of Operation

Tangential flow filtration (TFF), as described by Mathes (1977)

and Gabler (1984), involves fluid flow parallel to the filter surface.

Compounds with molecular weights (MW) smaller than the exclusion size

of the filters can pass through the filters and are collected in a

separate container (filtrate). Molecules with larger MW are retained

and recycled to the original reservoir (retentate). As the filtration

continues, the retentate volume decreases, until the desired volume is

attained. Fluid flow can be reversed (backflush) to dislodge debris

that may accumulate on the filters (Millipore, 1981).

PelliconqDCassette System

The Millipore Corporation Pellicon Cassette System Virus

Concentration Procedure (1980) was adapted for use in the isolation of

IHNV and IPNV from large volumes of water. The Pellicon Cassette

System used consisted of a peristaltic pump (Cole-Palmer) and a high

volume filter cell (Millipore Corporation). The filters used in this

study had a total membrane surface area of 5 ft2 (4650 cm2) and a MW

exclusion size of 100,000 MW.

The Pellicon Cassette was installed between two manifolds (Figure

1). Filtrate lines were connected to the upper left and lower right

manifold and combined for convenience with a "T" connector. The

intake line was connected to the upper right manifold and the

retentate line to the lower left manifold. Pressure gauges were

installed at the intake and retentate outlets. Tubing (Tygon) lines



cassette membrane

filtrate line

retentate line

Figure 1. Pellicon cassette system. Diagram shows tubing arrangement to
peristaltic pump and manifold containing the cassette membrane.

intake line
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were cut approximately 25 cm away from the connection at the

manifolds, and Pasteur pipettes were inserted between the cut ends

to allow removal of the lower section of tubing for further filtration

of fluids (Figure 3).

Procedure for Filter Preparation

Prior to each filtration experiment, at least 10 1 of deionized

water was pumped through the filters for removal of the 1%

phosphate-buffered formalin storage solution. The following procedure

was used:

Step 1. With the intake line in the reservoir containing

deionized water, the first 5 1 was flushed through,
collected from the

retentate and filtrate manifolds, and discarded.

Step 2. The retentate and filtrate lines were placed in the

deionized water and the direction of water flow reversed. The water

was collected via the intake line and discarded.

Step. 3. The flow of water was again switched for the final 3 1,

which also was discarded.

Step. 4. The lower sections of tubings were removed from the

Pasteur pipettes and washed in distilled water to ensure removal of

traces of buffered formalin. Following this wash, the tubing sections

were rejoined to the Pasteur pipettes.

Procedure for Virus Concentration

In laboratory trials using the TFF procedure, deionized water,

spring water from Round Butte Hatchery (RBH), and well water free

of fish pathogens from the Oregon State University-Fish Disease
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Laboratory (OSU-FDL) were seeded with known concentrations of virus

and filtered. Water used in these experiments was held in 20 or 75 1

plastic buckets and stored at 4° C for at least 4 h prior to

filtration and was maintained in an ice bath throughout the

experiment. A protein supplement (FBS) was added to the water 1 h

before the addition of virus and filtration. A sample of the virus

seed was titrated for each experiment and the titer compared to that

obtained following filtration.

Approximately 45-60 min were required to filter 10 1 of water,

and 5-8 h to filter 50 1 of water. Water flow was regulated to

provide a retentate rate of 200 ml/min/ft2 of filter and a filtrate

rate of 50-100 ml/min/ft2 of filter. Pressure on the intake gauge was

maintained at <10 pounds per square inch (psi) (<0.7 kilograms per

square centimeter), although accumulation of debris on the filters

sometimes resulted in temporary increases of pressure to 15-20 psi.

Pressure on the retentate gauge was 0-2 psi.

The actual filtration procedure was as follows:

Step 1. One liter of phosphate-buffered saline (PBS) was flushed

through the system, collected from the retentate manifolds, and

discarded. During this step, the filtrate lines were closed.

Step 2. The intake and retentate lines were immersed into the

virus-seeded water and the filtrate line was placed in a separate

container (Figure 2). All lines were open and water flow rates were

maintained as previously described.

Step 3. The virus-seeded water was recirculated until

approximately 300-500 ml remained in the original reservoir.
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Figure 2. Pellicon cassette system at the initiation of filtration.
Diagram shows intake and retentate lines immersed in
virus-seeded water (A) and filtrate line in container (B).
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Figure 3. Pellicon cassette system at the completion of filtration.
Diagram shows intake and retentate lines immersed in
virus-containing concentrate (A) and filtrate line in

container (B).
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Step 4. The retentate was shortened at the Pasteur pipette

insert by removal of the lower section of tubing.

Step 5. The retentate line was placed in a pre-chilled flask

for collection of the concentrated suspension of virus.

Step 6. The intake line was shortened at the Pasteur pipette

insert. Filtration was continued by placing both the intake and

retentate lines in the flask (Figure 3).

Step 7. The retentate was recirculated until approximately

25-50 ml remained in the flask.

Step 8. The filtrate lines were then closed and the retentate

was recirculated for 2-3 min to resuspend virus particles that may

have settled onto the filter membranes.

Step 9. The retentate was flushed out with 100 ml of HBSS and

collected in a 250 ml flask.

Step 10. Reversing the flow (backflushing), another 100 ml of

BSS was flushed through the system and collected.

Step 11. Fluid remaining in the original reservoir was collected

with a 10 ml syringe and added to the flask in which the retentate was

collected.

Step 12. Samples of retentate, backflush, filtrate, and seeded

virus were titrated by plaque assay.

Procedure for Filter Maintenance and Storage

The filters were cleaned and sterilized in the following manner:

Step 1. Removal of proteins from the filter was accomplished by

flushing 4 1 of PBS through the syitem.
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Step 2. The cleaning agent used was 0.1 M sodium hydroxide

(NaOH). With filtrate lines clamped, 1 1 of NaOH was pumped through

the system and allowed to remain for 1-48 h.

Step 3. With filtrate lines open, another liter of NaOH was

pumped through and held for an additional 1-48 h.

Step 4. The NaOH was removed with 5-10 1 of deionized water, and

500 ml of 1% buffered formalin was introduced for sterilization and

long-term storage of the cassette.

Factors Affecting Virus Recovery

Selected factors that affect the efficiency of virus recovery

during filtration were examined. These factors were: (1) source

of water, (2) addition of protein and amino acid supplements,

(3) pretreatment of filters, (4) backflushing through retentate and

filtrate lines, and (5) volume of water filtered.

Source of Water

Deionized water was filtered during laboratory trials of the TFF

procedure. The consistency of this water can be expected, regardless

of time and geographic changes. But virus survival in aquatic

environments is affected by various factors, such as salinity (Toranzo

and Hetrick, 1982), presence of chemicals (Mitchell, 1971), organic

matter (Farrah, Goyal, Gerba, Wallis, and Shaffer, 1976), and

bacterial antagonism (Shuval et al., 1971); therefore, water from a

natural aquatic system, the OSU-FDL facility, was filtered. Water

from the OSU-FDL was considered soft, containing 16 ppm CaCO3 (S. V.
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Gregory, Oregon State University, personal communication, 1985).

Filtration results were compared to determine whether virus recovery

was reproducible and use of the TFF procedure feasible in field

studies.

Addition of Protein and Amino Acid Supplements

Survival of IHNV in frozen samples increased when deionized water

was supplemented with FBS (Pietsch et al., 1977). Fetal bovine serum

and other potential stabilizers were used in this study as supplements

to the water, and their effects on virus recovery determined. Fetal

bovine serum was used at concentrations of 0.01, 0.1, and 1% and

glycine aminoacetic acid (Nutritional Biochemicals Corporation) was

supplemented at concentrations of 0.01 and 0.1%. Beef extract (0.03

and 0.3%) (Difco Laboratories) was also evaluated as a stablizing

agent.

Pretreatment of Filters

Virus adsorption to filters was inhibited by pretreating filters

with a proteinaceous substance (Cliver, 1965). One liter of 1% FBS

was recirculated for 5 min through the filters, followed by filtration

of RBH water, with only virus added. Berman et al. (1980) reported

the pretreatment of filters by recirculation of 1% glycine and 3%

flocculated beef extract.

Backflushing

Backflushing through the retentate line was performed one to

three times to determine whether additional virus could be recovered.

Backflushing (1-3x) was done through the filtrate lines to dislodge
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virus particles which may have passed through the filter surface and

become trapped in the membranes.

Volume of Water Filtered

Volumes of 10 and 50 1 were filtered during this study. Length

of filtration time and efficiency of virus recovery for these volumes

were compared.

Ultracentrifugation

Retentate and backflush solutions collected during filtration

were first clarified by low-speed centrifugation and then further

concentrated by ultracentrifugation at 85,000 x g for 1.5 h in a SW 28

rotor (Beckman Instruments). After ultracentrifugation, the

supernatant was decanted and the virus pellet resuspended in 0.3 ml of

MEM-10 Tris and stored overnight at 4° C. Viral aggregates were

dispersed using a 26-gauge needle attached to a 1 cc tuberculin

syringe. The virus suspension was passed through a 0.45 um filter

(pretreated with MEM-10 Tris), and titrated by plaque assay.

Field Studies

The site of the field studies was the Round Butte Hatchery (RBH),

where IHNV is enzootic. The studies using the TFF procedure were

performed at selected time intervals from March through May, 1985

(Table 1). During this period, nine samples of hatchery water supply

were filtered to determine whether the virus was entering the hatchery

system through the water supply. In addition, samples of water
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Table 1. Fifty-liter volumes of water samples collected at
Round Butte Hatchery during field studies conducted
March 18-May 14, 1985.

Dates of collection Samples collected

3/18/85 Water supply

3/19/85 Adult holding pond effluent (two samples)

4/04/85 Water supply (two samples)

Adult holding pond effluent

4/16/85 Water supply (two samples)

4/23/85 Water supply (three samples)

5/14/85 Water supply

Water from 2m circular tank
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containing fish which were diagnosed positive for IHNV were taken.

Three samples of effluent from the adult steelhead trout holding pond,

and one sample from a 2 m circular tank where steelhead trout fry were

dying of IHN disease were filtered. Fifty liters of each sample were

collected in a sterile carboy, supplemented with FBS, and either

filtered at the hatchery or transported to Oregon State University

(OSU). Water taken to OSU was stored at 4° C for a maximum of 3 d

before filtering.

One hundred milliliter aliquots of each sample were collected in

sterile bottles and supplemented with 0.1% FBS. One milliliter of

each of the subsamples was inoculated directly onto monolayers of EPC

cells to determine whether virus could be detected in field studies

without employing the TFF procedure. The remainder (99 ml) of each

subsample was concentrated by ultracentrifugation.

Isolation of Virus from Water Samples

Epithelioma papillosum cyprini cells were used to isolate IHNV

from the RBH water samples. These cells, grown in 9.6 cm2 tissue

culture plates, were inoculated with 0.2 ml of the following samples:

(1) unfiltered water, (2) unfiltered water concentrated by

ultracentrifugation, (3) retentate, and (4) retentate and backflush

solutions concentrated by ultracentrifugation. Prior to inoculation

of cells, each sample was passed through a 0.45 um filter to remove

bacterial and fungal contaminants. After a 1 h adsorption period the

cells were overlaid with MEM-5 containing 1% methyl cellulose. The

plates were incubated at 16° C and examined daily for signs of CPE.
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Plaques were picked after 10 or 16 d of incubation, when CPE was

evident. The plaques were cloned 3x using EPC cells, after which an

isolated plaque was selected and inoculated onto CHSE-214 cells for

propagation of a stock culture. However, when cell monolayers showed

no signs of CPE after 14 d of incubation, blind passages were

performed; cell sheets were gently scraped with a Pasteur pipette and

transferred to newly monolayered cells. These inoculated cells were

observed for an additional 14 d.

Neutralization Tests

Rabbit antiserum specific for purified whole IHNV virions was

provided by Mark Engelking, Oregon State University. A technique,

described by Rovozzo and Burke (1973), which involves diluting the

virus sample and maintaining a constant serum concentration, was used

to confirm the identity of IHNV recovered from filtered water

samples.
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RESULTS

Virus Survival Studies

The survival of IHNV at 11° C in deionized water and in water

(hard) containing 500 ppm CaCO3 were compared (Figure 4). In

addition, the stabilizing effect of supplemental FBS (0.1%) was

examined. The inactivation of IHNV was more rapid in hard water,

with only 50% virus survival after 4 h. Following this initial

decrease in titer, the virus was stable between 4 and 12 h of

sampling. In contrast, survival of IHNV in deionized water

continuously decreased with time. Survival of IHNV in both types of

water was enhanced by addition of FBS. After 12 h, 25% higher virus

recoveries were obtained from FBS-supplemented water than from

unsupplemented water.

In contrast to IHNV survival, survival of IPNV at 11° C remained

high in deionized water, resulting in recoveries of 85% throughout

the experiment (Figure 5). Survival of IPNV in hard water decreased

gradually with time and was 54% after 12 h. The addition of FBS to

deionized and hard water did not improve survival of IPNV and virus

recoveries remained constant (55%) between 4 and 12 h.

Comparison of results obtained at 5, 11, and 19° C showed that

IHNV survival was affected by temperature (Figures 6, 7, and 8).

After 12 h at 5° C, 51% of the virus survived and at 11°, 37% of the

virus survived. The greatest inactivation of IHNV occurred at 19° C;

only 8% of the virus survived after 12 h. These results ae similar

to those obtained by McAllister et al. (1974), who reported that
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Figure 4. Survival of infectious hematopoietic necrosis virus held at
110C in deionized water (4), hard (500 ppm CaCO3) water
(*), deionized water supplemented with 0.1% FBS (40), and
hard water supplemented with 0.1% FBS (0).
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Figure 5. Survival of infectious pancreatic necrosis virus held at
11°C in deionized water ($), hard (500 ppm CaCO3) water
(<,), deionized water supplemented with 0.1% FBS (0), and
hard water supplemented with 0.1% FBS (0).
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Figure 6. Survival of infectious hematopoietic necrosis virus held at
50C in deionized water (41) and in deionized water
supplemented with 0.1% FBS (0).
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Figure 7. Survival of infectious hematopoietic necrosis virus held at
11°C in deionized water (11) and in deionized water
supplemented with 0.1% FBS (410)
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Figure 8. Survival of infectious hematopoietic necrosis virus held at
19°C in deionized water (4) and in deionized water
supplemented with 0.1% FBS (40).
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approximately 90% infectivity was lost within 24 h when IHNV was held

in dechlorinated tapwater at 21° C. At all three temperatures,

supplementation of virus suspensions with 0.1% FBS resulted in

improved survival and in higher recovery of virus than from

unsupplemented water. When FBS was added, recoveries of 100, 63, and

59% were obtained from water held at 5, 11, and 19° C, respectively.

Water Filtration and Virus Concentration Procedures

Effect of Water Source

Water from the OSU-FDL and deionized water were seeded with

IHNV, filtered, and the effects of different sources of water on

virus recovery examined (Table 2). Filtration of deionized water

resulted in a virus recovery of 13% (run 1). Virus recoveries from

seeded OSU-FDL water were also poor; recoveries of 12 and 13% were

obtained in runs 2 and 3, respectively, and no virus was detected in

run 4. Some IHNV passed through the filters and was detected in the

filtrate (runs 2 and 3).

Effect of Protein and Amino Acid Supplements

In an attempt to increase virus survival and efficiency of

recovery during concentration by TFF, selected stabilizing agents

(protein and amino acid supplements) were added to IHNV suspended in

deionized water. Three different concentrations of FBS improved

virus recovery (Table 3). The addition of 1% FBS to virus suspended

in deionized water resulted in a recovery of 95%, an approximate

seven-fold improvement compared with filtration without supplements.



Table 2. Effect of water source. Recovery of virus by tangential flow filtration
from deionized and Oregon State University-Fish Disease Laboratory water
seeded with known concentrations of infectious hematopoietic necrosis virus.

Initial
(before filtration)

Volume
Filtration run of Concentration
and handling water of virus

(ml) (pfu/ml)

Final
(after filtration)
Volume Number of
of infective

water particles
(ml) (pfu)

Percent
virus recovery

Retentate
and

backflush Filtrate

Deionized water

1 10,000 7.5 x 10
1 245 1.0 x 105 13 <1

OSU-FDL water

2 10,000 1.7 x 10
5 170 2.0 x 108 12 <la

3 10,000 1.2 x 105 375 1.5 x 108 13 <lb

4 10,000 1.1 x 10-1 260 <10 <1 <1

a0.03%

b0.01%



Table 3. Effect of stabilizing agents. Recovery of virus by tangential flow filtration from
deionized water seeded with known concentrations of infectious hematopoietic necrosis
virus.

Filtration
run and
handling

Initial
(before filtration)

Volume
of Concentration

water of virus
(ml) (pfum11)

Final
(after filtration)
Volume Number of
of infective

water particles
(ml) Pf

Percent
virus recovery

Retentate
and

backflush Filtrate

1 10,000 7.5 x 101 245 1.0 x 105 13 <1

FBSa added

1% 2 10,000 1.9 x 10
2 343 1.8 x 106 95 <1

0.1% 3 10,000 7.9 x 10 1 186 7.6 x 105 96 <1

4 10,000 2.1 x 10
-1 265 1.9 x 103 91 <1

5 10,000 3.9 x 10 -2 276 8.4 x 102 100 <1

0.01% 6 10,000 1.3 x 102 197 5.8 x 105 45 <1

Glycine added

0.1% 7 10,000 7.6 x 101 103 <10 <1 <1

0.01% 8 10,000 4.4 x 10 1 134 <10 <1 <1

Beef extract added

0.3% 9 10,000 4.6 x 101 250 2.8 x 105 61 <1

0.03% 10 10,000 2.1 x 101 252 1.7 x 105 80 <1

aFetal bovine serum
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Reduction of the FBS concentration to 0.1% resulted in an average of

96% recovery. The recovery decreased to 45% when the FBS

concentration was reduced to 0.01%.

Glycine was tested as a stabilizer and results indicated that it

did not provide adequate protection for IHNV survival. Less than 1%

of the seeded virus was recovered in water supplemented with either

0.1 or 0.01% glycine (Table 3).

Filtration of IHNV-seeded deionized water supplemented with beef

extract (0.3 and 0.03%) resulted in recoveries of 61 and 80%,

respectively (Table 3). Beef extract, at these concentrations, was

considered a good supplement for use during filtrations, though the

recoveries were somewhat lower than those obtained when FBS was used.

Higher concentrations of beef extract were not used because pressure

on the intake gauge increased when a concentration of 0.3% was

tested. This increase in pressure indicated an increased viscosity

of fluid being filtered or debris accumulation on filters (Millipore,

1981). Berman et al. (1980) reported clogging of filter membranes

when 3% beef extract was used.

Virus also was seeded into water taken from natural aquatic

systems. Water samples from the OSU-FDL and RBH facilities, to

which IHNV was added, were supplmented with FBS before filtration.

Addition of 1% FBS to the OSU-FDL water resulted in virus recoveries

averaging 65% (Table 4, runs 2 and 3). Although there was an

improvement from 12% when no supplement was used (run 1), these

recoveries were somewhat lower than those obtained from filtrations

of deionized water. Virus recoveries from IHNV-seeded RBH water



Table 4. Effect of stabilizing agents. Recovery of virus by tangential flow filtration
from Oregon State University-Fish Disease Laboratory and Round Butte Hatchery
water seeded with known concentrations of infectious hematopoietic necrosis virus.

Initial
(before filtration)

Final
(after filtration)

Percent
virus recovery

Filtration Volume Volume Number of Retentate
run and of Concentration of infective and

handling water of virus water particles backflush Filtrate
(ml) (pfu/m1) (ml) ( pfu)

OSU-FDL water

1 10,000 1.7 x 105 170 2.0 x 108 12 <1

Serum added

1% 2 10,000 1.9 x 102 535 1.3 x 106 68 <1

3 10,000 1.8 x 102 290 1.1 x 106 61 <1

RBH water

Serum added

1% 4 10,000 1.2 x 102 167 1.2 x 106 100 <1

5 10,000 1.3 x 102 179 7.6 x 105 59 <1

Serum added

0.1% 6 10,000 1.1 x 102 282 6.0 x 105 55 <1

7 10,000 1.2 x 102 275 9.6 x 105 80 <1
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supplemented with FBS were 100 and 59% (Table 4, runs 4 and 5).

There was little difference when FBS concentration was decreased to

0.1%; recoveries of 55 and 80% resulted (Table 4).

The effect of FBS on IPNV recovery was examined. Two filtration

experiments using deionized water without protein supplementation

resulted in virus recoveries averaging 29% (Table 5, runs 1 and 2).

With the addition of 0.1% FBS, 57 and 79% of the seeded virus were

detected (Table 5, runs 3 and 4).

Effect of Pretreatment of Filter

In an effort to block virus adsorption sites, 1 1 of 1% FBS was

recirculated through the filters before actual filtration began. A

10 1 volume of RBH water seeded with 1.9 x 102 pfu/ml was then

filtered. A final volume of 179 ml was collected, containing 3.4 x

105 infective particles. This procedure did not enhance virus

recovery; only 18% of the seeded virus was detected in the

retentate.

Effect of Backflushing

Backflushing of the filters through retentate and filtrate lines

was examined as a factor in improving virus recovery. In experiments

using OSU-FDL water seeded with IHNV, backflushing was found to

increase virus recovery (Table 6). Most of the virus obtained in

backflush solutions (through the retentate line) was recovered with

the first backflush and decreasing numbers of virus were recovered in

ensuing backflush solutions. Following filtration of OSU-FDL water

(run 1), 23% of the total virus recovery was found in the first



Table 5. Effect of stablizing agents. Recovery of virus by tangential flow filtration
from deionized water seeded with known concentrations of infectious
pancreatic necrosis virus.

Initial
(before filtration)

Final
after filtration

Percent
virus recovery

Filtration Volume Volume Number of Retentate
run and of Concentration of infective and
handling water of virus water particles backflush Filtrate

(ml) (pfu/ml) (ml) (pfu)

1 10,000 1.4 x 103 242 4.4 x 106 31 <1

2 10,000 1.9 x 103 358 5.0 x 106 26 <1

Serum added

0.1% 3 10,000 1.3 x 103 345 7.4 x 106 57 <1

4 10,000 1.4 x 103 482 1.1 x 107 79 <1



Table 6. Effect of backflushing. Recovery of virus by tangential flow filtration from Oregon State
University-Fish Disease Laboratory water seeded with known concentrations of infectious
hematopoietic necrosis virus.

Initial

(before filtration)
Final

after filtration

Percent
virus recovery

Volume o ume er o Vo ume o u 'er o Vo ume o umber o Retentate
Filtration run of Concentration of infective retentate infective filtrate infective and

and handling water of virus retentate particles backflush particles backflushes particles backflush Filtrate

(ml) (pfu/ml) (ml) (pfu) (m1) (pfu) (ml) (pfu)

10,000 1.2 x 105 140 9.5 x 107 708

75
b

90c

3.9 x 107

1.2 x 107

3.7 x 106

no sample

no sample

no sample

13 <1

Serum added

IX 10,000 1.9 x 102 85 1.1 x 106 115a 1.6 x 105 60d <10 68 <1

75
b 2.3 x 104 50e <10

150c <10

aFirst backflush from retentate line

hSecond backflush from retentate line

clhird backflush from retentate line

aFirst backflush from filtrate line

e5econd backflush from filtrate line
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backflush solution and approximately 8 and 7% in the second and third

backflush solutions, respectively. Examination of the recoveries

from FBS-supplemented water showed that the backflush solutions

contained 12, 2, and <1% of the total virus recovery, respectively

(Table 6, run 2). Less than 1% of the virus was contained in the

backflush solutions when backflushing through the filtrate lines.

Recovery of IPNV was improved by backflushing. Additional virus

was recovered in backflush solutions from both the retentate and

filtrate lines (Table 7). In contrast to results in the IHNV

experiments, equal amounts (46%) of IPNV recovery from deionized

water were obtained in the retentate and first backflush solution

(Table 7, run 1). When FBS-supplemented water was filtered, 85% of

the total recovery was accounted for in the retentate and 8% in the

backflush solution (through the retentate line) (Table 7, run 2).

IPNV was also recovered in the backflush solution from the filtrate

lines, indicating that IPNV had passed through the filter surface.

Effect of Volume of Water

Volumes of 10 and 50 1 of RBH water supplemented with 0.1% FBS

were filtered and the efficiency of virus recovery compared (Table

8). Approximately 50 min were required to filter 10 1 of water; in

two tests, virus recoveries of 55 and 80% were obtained (Table 8,

runs 1 and 2). Approximately 6.5 h were needed to filter 50 1 of

water; in two runs, an average of 72% of the initial virus seed was

recovered (Table 8, runs 3 and 4). These experiments indicated that

the efficiency of virus recovery was not affected by increases in

volume of water filtered. Also, the FBS supplement seemed to provide



Table 7. Effect of backflushing. Recovery of virus by tangential flow filtration from deionized water
seeded with known concentrations of infectious pancreatic necrosis virus.

Initial
(before filtration)

Volume
Filtration run of Concentration
and handling water of virus

(ml) (pfu/ml)

Volume Number of
of virus

retentate particles
(ml) (pfu)

Final
(after filtration)

Volume of Number o
retentate virus
backflush particles

(ml) (pfu)

Volume of
filtrate

backflushes
(ml)

Number of
virus

particles
(pfu)

Percent
virus recovery

Re en ate
and

backflush Filtrate

1 10,000 1.9 x 103 115 2.2 x 106 79 2.3 x 106 164 4.9 x 105 26 <1

Serum added

0.1% 2 10,000 1.4 x 103 182 9.4 x 105 200 8.6 x 106 200 2.3 x 105 79 <1



Table 8. Effect of water volume. Recovery of virus by tangential flow filtration
from Round Butte Hatchery water seeded with known concentrations of
infectious hematopoietic necrosis virus.

Filtration run
and handling

Initial
(before filtration)

Volume
of Concentration

water of virus
(ml) (pfu/ml)

Final
(after filtration)
Volume Number of
of infective

water particles
(ml) (pfu)

Percent
virus recovery

Retentate
and

backflush Filtrate

Serum added

0.1% 1

2

3

4

10,000

10,000

50,000

50,000

1.1 x 102

1.2 x 102

1.9 x 101

1.4 x 10 1

282

275

278

280

6.0 x 105

9.6 x 105

5.9 x 105

6.3 x 105

55

80

63

88

<1

<1

<1

<1
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adequate protection for the virus seeded in 50 1 of water, though the

water was recirculated for a much longer time.

Ultracentrifugation

In an effort to enhance virus detection, retentate and backflush

solutions collected during filtration were concentrated further by

ultracentrifugation. Deionized water supplemented with 0.1% FBS was

seeded with low concentrations of virus particles such that

inoculation of 10 and 100 ml onto cells were required for detection

of 2 and 4 particles, respectively (Table 9, runs 1 and 2).

Following filtration, 7.2 and 3.0 pfu/ml were recovered in runs 1 and

2, respectively. Ultracentrifugation increased sensitivity of virus

detection. The concentration of virus particles per milliliter

increased from 7.2 to 134 pfu/ml (run 1), and from 3.0 to 61 pfu/ml

(run 2), resulting in twenty-fold increases in sensitivity.

Filtration and ultracentrifugation of 10 1 of water seeded with

50 virus particles resulted in no detection of virus (run 3). This

concentration (5.0 x 10-3 pfu/ml) seems to be below the detectable

limit of this virus concentration system.

Field Studies

Throughout the duration of of the field studies conducted at

RBH, no IHNV was detected in any of the samples of the hatchery water

supply (Table 10). The inability to isolate virus from these samples

suggests either that no virus was present in the water or that the



Table 9. Recovery of virus by tangential flow filtration and ultracentrifugation from deionized water
seeded with known concentrations of infectious hematopoietic necrosis virus.

Filtration run
and handling

Before filtration After filtration After ultracentrifugation
Volume

Volume Concentration Volume Concentration of virus Concentration
of water of virus of water of virus suspension of virus

(ml) (pfu/ml) (ml) (pfu/ml) (ml) (pfu/ml)

Serum added 0.1%

1 10,000 2.1 x 10-
1 265 7.2 3.8 1.3 x 102

2 10,000 3.9 X 10-2 276 3.0 2.8 6.1 x 101

3 10,000 5.0 X 10-3 255 <1 4.0 <1



Table 10. Isolation of virus from water samples collected at Round Butte Hatchery
during field studies, March 18-May 14, 1985.

Date

Ultracen-
Unfiltered trifugation

Unfiltered and ultracen- Filtration (retentate

Sample collected water trifugation (retentate) and backflush)

(50 1)

3/18/85 Water supply NSa NS

3/19/85 Adult holding
pond effluent

1 NS NS

2 NS NS

4/04/85 Water supply
1

2

Adult holding
pond effluent

4/16/85 Water supply
1

2

4/23/85 Water supply
1

2

3

5/14/85 Water supply
Water from 2 m 4.1)

circular tank

allo sample
bVirus detection only after blind passage
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virus concentration was so dilute that more than 50 1 should have

been filtered. IHNV was detected in the effluent from the adult

holding pond on March 19, 1985, at levels of about 1 pfu/5 ml (Table

10). On this date, approximately 40 male and female adult steelhead

trout were present. However, at a later date, April 4, 1985, when

fewer than 15 fish remained in the pond, no virus was detected in the

effluent by using either filtration or ultracentrifigation.

Virus was isolated from the water of a 2 m circular tank in

which steelhead trout fry were undergoing low chronic mortality as a

result of IHN disease (Table 10). One plaque-forming unit per 50 ml

of water was detected in the sample collected. No virus was isolated

from water samples inoculated directly onto cells; however, virus was

isolated after a blind passage of the water sample concentrated by

ultracentrifugation.

Virus isolated from the water samples was tested using serum

neutralization. The identity of IHNV was confirmed by serum

neutralization.
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DISCUSSION

The effectiveness of TFF in concentrating IHNV and IPNV from

large volumes of water was demonstrated. The described procedure

should result in wider use of this method for detecting fish viruses

from water. In order to develop an optimal procedure for recovering

IHNV and IPNV from water, effects of selected factors on the stability

of the viruses in water and the efficiency of virus recovery'were

determined.

Results from our survival studies with IHNV suggested that the

virus was unstable when maintained in deionized water. Inactivation

of the virus increased steadily throughout the experiment and was more

rapid at higher temperatures. McAllister et al. (1974) showed

temperature-dependent survival of IHNV suspended in dechlorinated

tapwater. These results indicated that maintenance of IHNV-containing

water at lower temperatures was necessary for optimizing virus

survival and recovery. Survival of IHNV seeded into deionized and

hard water was similar (approximately 45%) after 12 h, suggesting that

factors other than water hardness were responsible for virus

stabilility. Pietsch et al. (1977) reported that water hardness

between 10 and 300 ppm CaCO3 had no significant effect on IHNV

infectivity.

In addition to examining the effects of water hardness and

temperature on IHNV, the effect of supplemental protein on virus

stability was examined. Results obtained from our study are similar
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to those of Pietsch et al. (1977) and indicate need for addition of

stabilizing agents to water samples.

In contrast to IHNV, IPNV was very stable when suspended in

deionized water. Tu et al. (1975) also demonstrated the stability of

IPNV suspended in water. They reported that no loss of infectivity

occurred in approximately 10 d when the virus was maintained in stream

and well water.

Generally, virus recoveries of >90% have been obtained following

concentration by TFF (Millipore, 1980); however, our initial

experiments with IHNV resulted in recoveries of only 13% when

deionized water or water from the OSU-FDL was filtered. These results

indicated that the source of water did not affect the efficiency of

virus recovery and that virus inactivation or adsorption to filter

membranes occurred. Low numbers of IHNV were observed in the

filtrate, and this suggested that virus loss also occurred through

the filters.

Addition of stabilizing agents, especially FBS, significantly

improved recovery of IHNV from water. Filtration experiments using

water supplemented with FBS showed a seven-fold increase compared with

those using water not containing FBS. These findings correlate with

those obtained from virus survival studies and indicate that IHNV

suspended in water is unstable in the absence of supplemental FBS.

Pretreatment of filters with FBS to block adsorption sites did

not improve IHNV recovery when virus-seeded water (not supplemented

with FBS) was filtered. Although Berman et al. (1980) reported that

pretreatment of filters with 3% flocculated beef extract improved
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poliovirus recoveries, the results of this experiment suggested that

low recoveries of IHNV were not the result of virus adsorption on the

filters. Differences between findings obtained in this study and in

Berman et al. (1980) could be related to the physical properities of

the two viruses. Fetal bovine serum added to IHNV-seeded water could

have blocked adsorption sites and prevented virus adsorption to

filters. But, results obtained in survival studies and by Pietsch et

al. (1977) indicated that the effect of supplemental FBS on the

efficiency of virus recovery was primarily a stabilizing one. In

contrast, the stability of poliovirus in aqueous suspensions has been

demonstrated by other researchers (Goyal and Gerba, 1982). Addition

of stabilizing agents to poliovirus-seeded water was not necessary for

obtaining good virus recoveries.

Filtrations using IPNV-seeded water resulted in an average

recovery of 29%. This value, though higher than that obtained with

IHNV, indicated that virus inactivation or adsorption on the filter

occurred. Addition of FBS to the virus-seeded water improved

recoveries, suggesting the requirement for a stabilizing agent. These

results, however, seemed to contradict those obtained in the survival

studies which showed IPNV stability in deionized water. No experiment

using pretreated filters in IPNV recovery were performed; therefore,

the role of virus adsorption is not known.

Backflushing of the filters as a method to improve IHNV and IPNV

recovery was investigated. In two experiments, 14 and 40% of total

IHNV recoveries were accounted for in the backflush solutions.

Although three backflush solutions were collected, one was considered
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sufficient to recover most of the remaining virus from the retentate

line. In experiments with IHNV, no virus was detected when

backflushing through the filtrate lines, indicating that IHNV had not

passed through the filter surface. Backflushing during experiments

with IPNV recovered additional viruses. In two experiments with IPNV,

8 and 46% of the total virus recovery were from the retentate line and

an additional 5% of the total virus recovery was taken from the

filtrate line. Recoveries of IPNV from the filtrate line indicated

that the virus had passed through the filter surface; however, no

virus was detected in the filtrate, indicating complete passage of the

virus through the filters had not occurred and it was trapped in the

filter channels. Use of filters with a smaller moleculur weight

exclusion size may prevent passage of IPNV through the filter surface.

Shibley et al. (1980) improved virus recovery by backflushing and

reported that up to 10% of the total Epstein-Barr recoveries were

accounted for in backflush solutions.

During our laboratory trials, TFF using the Pellicon cassette

system was found to be practical and effective in concentrating and

recovering IHNV from large volumes of water. But, the efficiency of

filtration was reduced when particulates accumulated on the filters.

Water samples taken from the OSU-FDL and RBH facilities were filtered

without major difficulties; however, clogging problems could be a

limiting factor in selection of water samples for filtration. This

problem could be alleviated by clarification of water samples by low

speed centrifugation (Millipore, 1980) or by filtration using
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microporous filters (Hill et al., 1971). Each additional manipulation

of water samples could result in some loss of virus particles.

Previous reports described the isolation of IHNV from natural

aquatic systems by direct inoculation of water samples onto cell

cultures (Mulcahy et al., 1983) and by concentration of 1 1 samples

using ultracentrifugation techniques (Leong and Turner, 1979).

Mulcahy et al. (1983) reported 33-1600 pfu/ml in samples of river

water, and Leong and Turner (1979) detected 400 pfu/ml in effluent

from egg trays containing steelhead trout yolk-sac fry that were

infected with IHNV.

In our field studies conducted at RBH, 50 1 samples of water were

concentrated by TFF. Infectious hematopoietic necrosis virus was

isolated in water samples taken from the adult holding pond at a

concentration of approximately 1 pfu/5 ml of water. It was estimated

that about 40 steelhead were present in the pond at the time these

samples were taken. The virus also was detected at a level of

approximately 1 pfu/50 ml in effluent water from a tank containing

steelhead trout fry infected with IHNV. These levels of virus

detected following the concentration of 50 1 of water were much lower

than those previously reported (Leong and Turner, 1979; Mulcahy et

al., 1983).

The effluent from the adult holding pond and the tank containing

steelhead trout fry at RBH is released directly into the Deschutes

River. An estimate of 5 x 108 IHNV particles were released in the

effluent water on the date that water was collected from the adult

holding pond in this study. At that time, only 40 fish were present
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in the holding pond; however, at the peak of spawning, approximately

50% of two thousand adults present were infected with IHNV. This

suggests that IHNV levels in the order of 1010 particles may be

released each day into the Deschutes River. Results from data

obtained by Leong and Turner (1979) at RBH indicated that similar

levels of virus were released each day in effluent from egg trays

containing infected fry. Virus particles from these fish may be a

possible source of infection for downstream fish populations because

IHNV have survived for approximately 7 wk in soft and hard lake waters

at 10° C (Wedemeyer et al., 1978) and can be easily transmitted from

fish to fish (Wingfield and Chan, 1970).

Infectious hematopoietic necrosis virus was isolated from natural

aquatic systems at much lower concentrations than previously reported.

The isolation of low numbers of IHNV from water concentrated by TFF

indicates that this procedure can be an effective tool in studying

water-borne transmission of viruses in laboratory and field studies.

Tangential flow filtration could be used to evaluate virus

inactivation in water treated by ultraviolet light, ozone, or

chlorine. In addition, the procedure could be used to detect viruses

in hatchery waters and perhaps provide information for the control of

viruses.
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SUMMARY AND CONCLUSIONS

1. Infectious hematopoietic necrosis virus was unstable when

suspended in deionized and hard (500 ppm CaCO3) water.

Addition of FBS enhanced survival of the virus.

2. -Infectious pancreatic necrosis virus was stable when suspended

in deionized water. Addition of FBS did not improve virus

survival.

3. Stability of IHNV was temperature dependent. Increased

temperatures resulted in greater inactivation of the virus

with time.

4. Efficiency of virus recovery following concentration by TFF

was not affected by the source of water filtered. Recoveries

of 13% resulted when deionized water and water from the

OSU-FDL were filtered.

5. Addition of stabilizing agents in the IHNV-seeded water improved

virus recovery during filtration. Fetal bovine serum was the

most effective stabilizer tested. Beef extract also improved

recovery; however, glycine did not stabilize the virus.

6. Addition of FBS to IPNV-seeded water improved the efficiency

of virus recovery during filtration.

7. Pretreating the filters with 1% FBS to block virus adsorption

sites did not improve IHNV recoveries.

8. Backflushing the filters with 100 ml of HBSS increased the

efficiency of IHNV and IPNV recoveries.
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9. Virus recoveries were approximately 70% following filtration

of 10 and 50 1 of IHNV-seeded water.

10. During field studies conducted at RBH, IHNV was detected in

the effluent of the steelhead trout adult holding pond. Virus

concentrations of approximately 1 pfu/5 ml of water were

estimated. Infectious hematopoietic necrosis virus was also

detected at levels of 1 pfu/50 ml in the water of a 2 m circular

tank containing infected steelhead trout fry. No virus was

detected in the hatchery water supply.

11. Tangential flow filtration can be an effective method in

studying water-borne transmission of viruses in laboratory

and field studies. This procedure can be used to monitor

virus inactivation in waters treated by different sterilization

-methods and provide information for the control of viruses.
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