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ABSTRACT: Rainbow trout Oncorhynchus myluss leucocytes were tested for their ability to support
replication of infectious hematopoietic necrosis virus (IHNV). Viral replication occurred in vitro uslng
leucocytes cultured from peripheral blood, kidney, and thymus where viral titers peaked at 2 to 4 d
post-inoculation. Leucocytes collected from trout following waterborne challenge with IHNV were cocultured on EPC cell monolayers. These assays detected IHNV in leucocytes infected in vivo as early as
6 h post-exposure before the challenge virus had undergone replication. These data showed that
leucocyte populations could serve as target cells in the initial phase of IHNV infection.
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INTRODUCTION

Infectious hematopoietic necrosis (IHN) is an acute
disease of salmonid fish caused by the rhabdovirus,
infectious hematopoietic necrosis virus (IHNV). Viral
replication occurs within a variety of fish tissues (Wolf
1988, Yamamoto et al. 1990) resulting in the presence of
virus in body fluids (Mulcahy et al. 1982)and mucus (LaPatra et al. 1 9 8 9 ~ )Hematopoietic
.
tissues of the kidney
and spleen are particularly susceptible to fish rhabdoviruses such as spring viremia of carp virus (Ahne
1978).,viral hemorrhagic septicemia virus (VHSV; de
Kinkelin et al. 1979) and IHNV (Yasutake & Amend
1972) and these rhabdovirus infections often result in
a leucopenia (Wolf 1988).The detection of IHNV is routinely accomplished by inoculating susceptible cell cultures with homogenates of hematopoietic tissues or with
reproductive fluids (Arnos 1985).The presence of IHNV
antigens in cell cultures and in tissues infected with the
virus has been demonstrat ed by immuno-fluorescence
(Arnzen et al. 1991, LaPatra et al. 198913)and by irnmunohistochemical staining (Yamarnoto et al. 1990, 1992,
Drolet et al. 1993). In addition to leucocytes, hematopoietic tissues are composed of several cell types which
appear to be important sites of virus replication (Yasutake & Amend 1972, Wolf 1988, Yamamoto et al. 1990).
The evidence supporting a close relationship between rhabdovirus infections and fish leucocytes
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remains largely indirect; however, experimental depletion of leucocytes in vivo leads to a decrease in the
susceptibility of rainbow trout Oncorhynchus mykiss
to VHSV (Chilmonczyk & Oui 1988). Cells expressing
VHSV antigens have been detected among blood
leucocytes of trout surviving experimental VHSV infection (Enzmann 1981) and cytopathic effects were
observed in mitogen-stimulated kidney leucocytes infected with VHSV in vitro (Estepa & Col1 1991). Cells,
many of which displayed the morphology of leucoc y t e ~ ,have been collected from the ovarian fluid of
several species of salmonid fish from regions where
IHNV is enzootic (Mulcahy & Batts 1987, LaPatra et al.
1989a). When placed into culture, these cells were
shown to produce IHNV.
Viruses have been found associated with lymphoid
cells from human and animal species. Lymphocytes
can either be restrictive for virus replication or can
harbor virus in a latent phase (Wheelock & Toy
1973). Experimentally, lymphocytes have been persistently infected in vitro with vesicular stomatitis
virus (Epstein et al. 1966) and cytomegalovirus (St.
Jeor & Weisser 1977). The purpose of the present
study was to determine the ability of IHNV to infect
and replicate in purified rainbow trout (RBT) leucocytes in vitro and to determine if RBT leucocytes
could serve as target cells for initial infection of
IHNV in vivo.

Dis. aquat. Org.

90

MATERIALS AND METHODS
Cell lines and virus. Epithelioma papulosum cyprini
(EPC) cells (Fijan et al. 1983) were grown at 15°C in
minimum essential medium (MEM) supplemented
with 5 % fetal bovine serum (FBS) and 12 mM Tris
buffer. The Western Regional Aquaculture Center
(WRAC)reference isolate of IHNV was used in experimental infections.
Fish. Experimental infections and leucocyte collections were performed using IHNV-free rainbow trout
having a mean weight of 200 g for in vivo infection and
20 g for in vitro infections.
Leucocyte populations. Leucocytes, as judged by
staining and morphologic criteria, were collected from
blood, kidney, and thymus. Cells from anterior kidney
and thymus were obtained by forcing the tissues
through a stainless steel mesh (Sigma) in cold, serumfree MEM. Leucocytes were isolated and collected
after centrifugation (1200 X g, 15 min) through a Ficoll
hypaque cushion as previously described (Chilmonczyk 1978). Peripheral blood was obtained from the
caudal vein and diluted 10-fold using serum-free
MEM. Blood leucocytes were then recovered by the
same procedure as described for Iudney and thymus.
Leucocytes were cultured in MEM supplemented with
10% FBS (MEM-10).
Experimental infections. In vivo infections were induced in rainbow trout by exposing the fish to 4 X 104
plaque-forming units (PFU) ml-' of IHNV. Fish were
kept for 1 h in aerated static water and then held in
pathogen-free water until sampling. Fish were sacrificed at 6 , 10, 12, and 18 h post-exposure and leucocytes collected from blood, kidney, and thymus.
In vitro infections were performed on leucocytes pretreated with polyethylene glycol (Batts & Winton
1989). Cells were inoculated at a multiplicity of infection (MOI) ranging from 1 to 5 and incubated for 1 h at
15°C. The cells were washed twice with MEM and
resuspended with sufficient anti-IHNV rabbit polyclonal antiserum (PAb) or mouse monoclonal antibody
(MAb) 5G3 to neutralize the unabsorbed virus. After
2 h at room temperature, the cells were washed twice
and suspended in MEM-10 for virus production or cocultivation assays.
Mitogenic stimulation. Two mitogens were used to
stimulate the leucocytes. Lipopolysaccharide (LPS)
from Eschenchia coli 055:B5 (Westphal method, Difco)
and phytohemagglutinin (PHA-P, Sigma) were used at
a final concentration of 100 pg ml-' (LPS) and 50 yg
ml-' (PHA-P) of culture medium. The cells were incubated for 3 d in the presence of the mitogens to induce
maximal DNA synthesis (Chilmonczyk 1978), washed,
and in vitro infection performed as described above
without anti-IHNV serum treatment.

CO-cultivation. Leucocytes collected from RBT following waterborne infection were plated onto fresh
monolayers of EPC cells in 8-well multiplates and
incubated at 15°C. CO-cult~vationassays were performed according to a 2-step procedure. The first step
consisted of removing the free leucocytes and culture
fluid after CO-cultivationfor 7 d. The EPC cell monolayers were stained with a mixture of formalin and crystal violet to detect cytopathic effects and scored as positive or negative. These results were reported as the first
CO-culture.The leucocytes in the culture fluids were
then pelleted by low-speed centrifugation (200 X g,
5 min) and the supernatant removed and frozen at
-80°C until the virus titer was determined by plaque
assay. These results were reported as the first plaque
assay. The second step consisted of resuspendicg the
cell pellet in MEM-10 and layering the leucocytes onto
fresh EPC cell monolayers. After 7 d incubation, the EPC
cell monolayers were stained as before and the results
reported as the second CO-culture.The culture medium
and free leucocytes in the second culture were given 3
freeze-thaw cycles, centrifuged, and the virus titer in the
supernatant determined by plaque assay. These results
were reported as the second plaque assay.
Immunofluorescence. Indirect immunofluorescence
was used to detect IHNV antigens on the surface of
infected leucocytes. The leucocytes were washed
twice in MEM, pelleted, and resuspended in 200 p1 of
1 % anti-IHNV PAb diluted in MEM. Following a
30 min incubation at 0 "C, cells were washed twice in
MEM, then incubated in 200 p1 of l % goat anti-rabbit
IgG-FITC conjugate (Sigma) in MEM for 30 min at
0°C. After 2 washes, the pellet was resuspended in
1 drop of MEM and transferred to a microscope slide
for fluorescent count. In each sample, a n average of
20 microscope fields were observed by alternating
observations using UV or bright light. Consequently,
approximately 200 cells (thymus) or 400 cells (blood,
kidney) were counted and the percentage of cells with
membrane fluorescence was recorded.
Plaque assays. Quantification of IHNV was by plaque
assay using EPC cells incubated at 15°C for 7 d as
described by Batts & Winton (1989).

RESULTS
Replication of IHNV in trout leucocytes
In vitro infections
Leucocytes collected from blood, kidney, and thymus
of RBT that were infected with IHNV for 1 h and treated
with anti-IHNV sera (PAb or MAb) had considerably decreased the IHNV background (Day 0) titers. As shown
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Table 1. Replication of ~nfectioushematopoietic necrosis virus in rainbow trout leucocytes cultured in vitro. Cells collected
from kidney (K), blood (B) or thymus (T) were infected with IHNV at multiplicities of infection (MOI) ranging from 1 to 5. After
virus adsorption, cells were incubated with mouse monoclonal antiserum (MAb), rabbit polyclonal antiserum (PAb) or left
untreated (U).Incubations were performed with or without ( ' ) agitation. ND: not determined
Trout

MO1

Ab
0

1K
1B
2K
3K
3K
3B
3B
4K
5K
6K
6B
7K
7B
8T
9K
9B
l0 T

4
2
1
1
1
1
1
1
1
5
5
5
5
5
S
5
5

U
U
U
MAb'
PAb'
M A ~ '
PAb'
U
PAb
MAb
MAb
MAb
MAb
MAb
M~b
MA b
MAb

d3.8X
7.3 X
4.3 X
1.1 X
0.8 X
0.8 X
0.5 X
4.0 X
1.0 X
7.0 X
1.0 X
5.5 X
7.0 X
2.0 X
2.0 X
9.5
2.0 X

1
1 0 ~ ~ ND
106
ND
ND
106
106
ND
ND
106
106
ND
106
ND
107
ND
lo4
ND
103
ND
lo3
ND
4.7 X lo5
103
lo3
6.7 X 105
ND
104
6.0 X 105
103
103
1 . 0 X 106
104
2.0 X 105

Days post-infection
2
3
1.2 X 10"
ND
ND
1.2 X lo7
1.2 X 107
4.7 X l o b
3.5 X 10"
ND
ND
5.2 X i o 5
3.7 X loS
9.1 X 105
1.5X 106
2.0 X 105
1.0 X 1 0 6
4.1 X 106
5.6X 105

1.8 X
5.8 X
3.4 X
8.8 X
5.5 X
1.0 X
1.4 X
8.1 X
1.6 X
4.1 X
5.6 X
5.6 X
1.1 X
3.0 X
4.4 X
5.3 X
1.7 X

10'
107
lo7
107
10'
109
107
107
10'
lo5
lo5
105
106
105
105
106
lo5

aIHNV titers are expressed as PFU rnl-' determined at 0. 1, 2. 3, 4, and 7 d post-infection

in Table 1, IHNV titers increased in the leucocyte culwhich IHNV could be recovered increased regularly
with additional time post-infection. At 6 h post-infectures indicating that viral replication occurred in vitro,
tion, IHNV could only be detected in the blood and
Virus production peaked at 2 to 4 d post-inoculation and
kidney leucocytes of 2 fish from a total of 22 that were
declined thereafter as dead cells (as judged by the trysampled. However, at 18 h post-infection, 30% of the
pan blue exclusion test) appeared in the culture. While
the increase in IHNV titer was less than typically obsamples harbored IHNV.
served in monolayer cultures of established fish cell
In these experiments, when sampling occurred early
lines, the viral titers in the leucocyte cultures showed a
after infection (6 h), the virus could only be detected
consistent increase of 3- to 1000-fold above
the initial (Day 0) titer.
Table 2. Replication of infectious hematopoietic necrosis virus in rnitogenSimilar experiments were performed
stimulated rainbow trout leucocytes cultured in vitro. Kidney, blood and
thymus leucocytes were collected from a rainbow trout and cultured for 3 d
using leucocytes that were stimulated with
in the presence or absence (unstirnulated) of the mitogens phytohemageither T-cell (PHA-P) or B-cell
miteglutinin (PHA) or Lipopolysaccharide (LPS) prior to infection with IHNV.
were mitogen-treated either
gens.
IHNV titers were determined at 0, 1 , 2, 3, and 4 d post-infection and are
1 to 3 d before or immediately following
expressed a s PFU ml-l. Data are representative of 5 experiments (5 trout).
ND: not determined
in vitro infection. In both experimental designs, no significant decrease or increase
of IHNV titer was measured compared
Days post-infection
0
1
2
3
4
to the IHNV titers produced by the nonactivated leucocytes (Table 2 ) .

In vivo infections
We used an experimental waterborne
challenge to determine if leucocytes could
serve as target cells for initial infection of
RBT with IHNV. Infection of the leucocytes
with IHNV was demonstrated by co-cultivation on EPC monolayers. As shown in
Table 3, the total number of samples from

Kidney cells
Unstirnulated 3.5 X 107
PHA
3.4 X 107
LPS
3.8 X 107

3.6 X 107
4.0 X lo7
4.1 X 107

6.0 X 10'
5.8 X 107
6.2 X 107

1.4 X 10'
1.6 X 108
1.2 X 10'

1.1 X 10'
9.1 X 107
9 4 X 107

Blood cells
Unstimulated 4.0 X 107
PHA
3.8 X 107
LPS
3.8 X 107

6.2 X 107
5.4 X 107
5.1 X 107

8.3 X 107
9.0 X 107
1 . 1 X 10'

2.1 X 10'
1.8 X 10'
1.9 X 10'

1.2 X 10'
1.4 X 10'
ND

ND
ND
ND

1.3 X 10'
7.7 X lo7
8.9 X 107

1.4 X 10'
1.5 X 10'
1.3 X 10'

7.6 X 10'
8.4 X 107
7.2 X 107

Unstimulated 3.8 X 107
PHA
4.0 X 107
LPS
3.8 X 107

92

Dis aquat O r g . 19: 89-94, 1994

Table 3 Infection of leucocytes following waterborne chall e n g e of rainbow trout with IHNV. Leucocytes were obtained
from blood or kidney of rainbow trout at 6. 10. 12. a n d 18 h
following waterborne challenge of the fish with IHNV COcultivation assavs w e r e used to detect infected leucocvtes
Values represent the no of fish posltive/no. of fish examined
at each sampling time
Sampling time post-infection
6h
10h
12h
18h
First CO-culture
0/22
First plaque assay
0/22
Second CO-culture
1/22
Second plaque assay
2/22
Total positive cultures
2/22
9
Percent positive cultures

0/14
3/14
3/14
3/14
3/14
21

3/30
6/30
6/30
9/30
9/30
30

9/20
9/20
14/20
14/20
14/20
70

gen. If each of the latter cells was assumed to be synthesizina infectious virus, the maximum number of inleucocyte
fectiousiparticles
by each

produced

very low (2
~~'l-').
and kidney
appeared to be more efficient at replicating IHNV, producing 145 and 12 PFU cell-', respectively.
Characterization of leucocytes supporting IHNV
replication

Several cell types were detected expressing IHNV
antigen. These cells exhibited the typical morphology
of small lymphocytes, monocytes, and polymorphonuclear cells.

DISCUSSION

after the second CO-cultivation on EPC cells. At the
other sample periods, the second co-cultivation step
greatly improved the detection of infected leucocytes.
This was probably d u e to the very low level of infectious virus present in the leucocytes at the time of the
early sampling. In leucocytes collected at 6 a n d 10 h
post-infection, the whole volume (2 ml) of each COcultivation supernatant was titered by plaque assay
a n d only 3 to 70 PFU were measured in each of the
positive samples. For cells collected at 12 a n d 18 h
post-infection, the number of IHNV particles h a d increased to 4 X 102 to 5 X 103 PFU per sample.

Quantification of IHNV produced by leucocytes

To assess the number of PFU produced by IHNVinfected leucocytes, a comparison was made between
the number of cells expressing IHNV antigen (determined by immunofluorescence) a n d the virus titer
of the same culture. At daily intervals following in
vitro infection, leucocyte viability, IHNV titers of the
cultures, a n d percentage of leucocytes expressing
IHNV antigen were determined (Table 4). From these
data, it was possible to estimate the number of PFU
produced by each infected cell. Virus production
increased in the culture and each infected leucocyte
could produce from 1 to 145 PFU. As expected, cell
viability regularly decreased d u n n g the course of in
vitro infection.
The percentage of cells expressing IHNV-specific
fluorescence was noticeably higher in the leucocyte
cultures derived from thymus than from blood or kidney; however, no direct relationship could be established between the percentage of specific fluorescent
cells a n d the IHNV titers. The yield of infective particles produced by the thymic leucocytes was inversely
related to the number of cells expressing IHNV anti-

Our results showed that IHNV replicated in leucocyte populations derived from blood, kidney, and
thymus of rainbow trout and that diverse types of
leucocytes were involved. Some of the cells replicating
IHNV exhibited the morphology of small lymphocytes;
nevertheless, addition of mitogen to the cultures did
not affect the virus titer. Cytopathic effects were
observed by Estepa & Col1 (1991) following VHSV
infection of in vitro stimulated RBT lymphocytes. In
mammals, virus replication in lymphocytes has largely
been reported in activated cells. Cells undergoing
blastogenesis under either specific or non-specific
(mitogenlc) stimulation have been shown to replicate
herpes virus (Kleinmann et al. 1972), measles virus
(Joseph et al. 1975), and vesicular stomatitis virus
(Edelman & Wheelock 1966, Schmidt & Woodland
1990).
The in vitro exposure of RBT leucocytes to IHNV
resulted in establishment of infected cultures characterized by great differences in virus production.
Routinely, we consider that 1 EPC cell can produce at
least 400 PFU. Our data showed that leucocytes produced fewer virions (145 or fewer PFU) per cell; however, this type of experiment is often hampered by a
variety of factors. The collection methods allow only a
portion of the peripheral blood or tissues to b e sampled
a n d the purification techniques lead to the loss or
damage of a portion of the leucocyte population.
Additionally, in vitro culture conditions a r e far from
ideal and may induce alterations in cell structure and
functlon that can markedly affect experiments on
virus-leucocyte interactions. Nevertheless, the significant increase in IHNV titers in cultured leucocytes and
the demonstration of IHNV antigens on the surface of
infected cells establishes that these cells are susceptible to infection by IHNV and capable of supporting the replication of the virus in vitro.
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Table 4. Production of IHNV by rainbow trout leucocytes cultured in vitro.Cells were harvested from blood, kidney, and thymus
and the number of infectious plaque-forming units (PFU) produced by each infected cell was estimated by comparing the virus
titer of the cultures with the number of cells showing lHNV antigen by immunofluorescence (FITC)

Blood
Viable cells ( X 106)
Percent positive by FITC
lHNV titer
Number PFU/positive cell

Days post-infection
3

0

1

2

4.75
0
9.5 X 103
0

3.75
1.6
1.0 X 106
16.6

3.75
4.2
4.1 X 106
26.1

8
0

7.75

Kidney
Viable cells (X 106)
Percent positive by FITC
IHNV titer
Number PFU/positive cell

2.0 X 103
0

6.1 X lo5
5.6

5.0
2.0
1.0 X 106
10

Thymus
Viable cells (X 106)
Percent positive by FITC
IHNV titer
Number PFU/positive cell

3.25
0
2.0 X 104
0

2.75
6.0
2.0 X 105
1.2

2.25
10.7
5.6 X 105
2.3

1.4

Our in vitro data were confirmed by results obtained
from in vivo infections. The CO-cultivationassays used
for detection of IHNV-infected leucocytes appeared to
be capable of detecting even the low rate of infectivity
as occurred here with leucocytes collected from fish
sampled early after waterborne infection. Although it
did not allow an accurate estimation of the percentage
of infected cells, the assay detected infective IHNV
particles associated with leucocytes as soon as 6 h postinfection, illustrating that leucocytes play a role in the
pathogenesis of IHN. At 6 h post-infection, the initial
virus replication cycle could not have been completed
and the IHNV in the leucocytes must have had its origin
in the virus added to the water during the experimental
waterborne infection. These data indicate that leucocytes are among the initial target cells for IHNV.
The mechanisms involved in the establishment and
maintenance of IHNV infection in fish are not understood. While our data showed that limited replication of
IHNV occurred among populations of RBT leucocytes,
the titers were not sufficient to suggest that this represented an important source of total viral production in
natural infections. Although our CO-cultivationexperiments showed that leucocytes may represent one of the
cell types involved in primary infection with IHNV, it
does not seem likely that the primary target cells for fish
rhabdoviruses are restricted to leucocytes. In addition to
rnitogen-stimulated trout leucocytes, Estepa et al. (1992)
reported that RBT macrophages supported replication
of VHSV and Yamamoto et al. (1992) showed that
epithelia1 cells in salmonid s h n were capable of supporting replication of both IHNV and VHSV. Others
cells from fish surface tissues are putative target cells for
virus penetration and replication before spreading

4

6

8

3.25
3.5
5.3 X 106
46.9

2.75
3.6
1.5 X 106
15.1

2.0
3.3
9.6 X 106
145

2.25
2.3
1.4 X 105
2.7

3.75
1.9
4.4 X lo5
6.2

3.75
2.8
1.0 X 106
9.5

3.75
1.5
7.0 X 105
12.5

3.5
1.8
3.7 X lo5
5.8

2.5
14.0
1.7 X 105
0.5

2.25
15.4
3.2 X 105
0.9

2.25
27.7
3.0 X 105
0.5

1.75
24.6
2.7 X 105
0.6

throughout the fish to susceptible tissues and organs
and LaPatra et al. ( 1 9 8 9 ~detected
)
IHNV In mucus from
the external surface of salmonids. The external location
and structure makes gills (Chilrnonczyk & Monge 1980)
and thymus (Chilmonczyk 1983) attractive sites for virus
entrance into the fish. Both organs contain rich populations of leucocytes which may represent an easy method
for disseminating the virus.
Our results showed that the percentage of cells expressing IHNV antigens was higher in thymus than in
blood or kidney, but virus production appeared to be
less efficient in the thymus than in the other organs.
The cellular events responsible for the susceptibility of
fish cells to become infected and to replicate IHNV are
not yet elucidated. To improve our knowledge of the
pathogenesis of fish rhabdoviruses, further experiments will be needed to identify more precisely the
populations of leucocytes that first replicate the virus
and to determine the mechanism(s) and exact site(s)
for the entrance of IHNV into fish cells.
Acknowledgements. We thank Cindy Arakawa, Bill Batts,
and Keith Higman of the National Fisheries Research Center
for technical assistance with portions of this research. This
material is based on work supported, in part, by the
Cooperative State Research Service, U.S. Department of
Agriculture, through the Western Regional Aquaculture
Center under Agreements No. 89-38500-4287, 90-385005025, 91-38500-6078, and 92-38500-7195.
LITERATURE CITED
Ahne, W. (1978).Uptake and multiplication of spring viraemia
of carp virus in carp, Cyprinus carpio L. J. Fish Dis. 1.
265-268

94

Dis. aquat. Org. 19: 89-94, 1994

Amos, K. H. (1985). Procedures for the detection and identification of certain fish pathogens, 3rd edn. Fish Health
Section, American Fisheries Society, Corvallis, OR
Arnzen, J M,, Ristow, S. S., Hesson, C. P., Lientz, J. (1991).
Rapid fluorescent antibody test for infectious hematopoiehc necrosis virus (IHNV) utilizing monoclonal antibodies to the nucleoprotein and glycoprotein. J . aquat.
Anim. Health 3. 109-113
Batts, W. N., Winton, J. R. (1989). Enhanced detection of infectious hematopoietic necrosis virus and other fish
viruses by pretreatment of cell monolayers with polyethylene glycol. J . aquat. Anim. Health 1: 284-290
Chilmonczyk, S. (1978). In vitro stimulation by mitogens of
peripheral blood lyrnphocytes from rainbow trout, SaLmo
gairdneri. Annls Immunol. 129C: 3-12
Chilrnonczyk, S. (1983). The thymus of the rainbow trout.
Light and electron microscopic study Develop. comp.
Immunol. 7: 59-68
C h i l r n o n ~ ~ ySk ,. Monge, D. (1980). Rainbow trout gill pillar
cells. Demonstration of inert particles phagocytosis and
involvement in viral infection. J. reticuloendothel. Soc. 28:
327-332
Chilmonczyk, S.. Oui, E. (1988).The effects of gamma irradiation on the lyrnphoid organs of rainbow trout and subsequent susceptibility to fish pathogens. Vet. Immunol.
Immunopath. 18: 173-180
de Kinkelin, P., Chilmonczyk, S., Dorson, M., Le Berre, M.,
Baudouy, A. M. (1979). Some pathogenic facets of
rhabdoviral infection of salmonid fish. In: Bachmann, P. A.
(ed.) Munich Symposia on Microbiology: mechanisms of
viral pathogenesis and virulence. WHO Publ., Munich,
p. 357-375
Drolet, B. S., Rohovec, J. S., Leong, J . C. (1993). Serological
identification of infectious hematopoietic necrosis virus in
fixed tissue culture cells by alkaline phosphatase irnmunocytochemistry. J. aquat. Anim. Health 5: 265-269
Edelrnan, R., Wheelock, E. F. (1966). Vesicular stomatitis virus
replication in human leucocyte cultures: enhancement by
phytohemagglutinin. Science 154: 1053-1055
Enzmann, P. J . (1981). Rapid identification of VHS-virus from
trout by immunofluorescence. Develop. Biol. Standard. 49:
57-62
Epstein, M. A., Achong, B. G., Barr, Y. M., Zajac, B., Henle,
G., Henle, W. (1966).Morphological and virological investigations on cultured Burkitt tumor lymphoblasts (strain
Raji). J . natl Cancer Inst. 37: 547-552
Estepa, A., Coll, J . M. (1991). Infection of rnitogen-stimulated
trout leucocytes with salmonid viruses. J . Fish Dis. 14:
555-562
Estepa, A., Frias, D., Coll, J . M. (1992). Susceptibility of trout
kidney macrophages to viral hernorrhagic septicemia
virus. Viral Imrnunol. 5: 283-292
Fijan, N., Sulimanovic. M,, Bearzotti, M,, Muzinic, D., Zwillenberg, L O., Chilmonczyk, S., Vautherot, J. F., de

Kinkelin. P. (1983). Some properties of the Epithelioma
papulosum cyprini (EPC) cell line from carp Cyprinus
carpio. Annls Virol. (Inst. Pasteur) 134E: 207-220
Joseph, B. S., Lampert, P. V., Oldstone, M. B. A. (1975).
Replication and persistence of measles virus in defined
subpopulations of human leucocytes. J . Virol. 16:
1638-1649
Kleinmann, L. F., Kibrick, S., Ennis, F., Polgar, P. (1972).
Herpes simplex virus replication in human lymphocyte cultures stimulated with phytomitogens and anti-lymphocyte
globulin. Proc. Soc. exp. Biol Med. 141: 1095-1099
LaPatra, S. E., Groberg, W. J., Rohovec, J. S., Fryer, J . L.
(1989a). The delayed appearance of infectious hematopoietic necrosis virus (IHNV) in steelhead trout (Salmo gairdnen). In: Ahne, W., Kurstak. E. (eds.) Viruses of lower
Vertebrates. Springer, Berlin. p. 430-441
LaPatra, S. E., Roberti, K. A., Rohovec, J . S., Fryer, J . L.
(1989b). Fluorescent antibody test for the rapid diagnosis
of infectious hematopoietic necrosis. J . aquat. Anim.
Health 1: 29-35
LaPatra, S. E., Rohovec, J. S., Fryer, J . L. ( 1 9 8 9 ~ Detection
).
of
infectious hematopoietic necrosis virus in fish mucus. Fish
Pathol. 24: 197-202
Mulcahy, D , Batts, W. N. (1987). Infectious hematopoietic
necrosis virus detected by separation and incubation of
cells from salmonid cavity fluid. Can. J. Fish. Aquat. Sci.
44: 1071-1075
Mulcahy, D., Burke, J., Pascho, R., Jenes, C. K. (1982).
Pathogenesis of infectious hematopoietic necrosis virus in
adult sockeye salmon (Oncorhynchus nerka). Can. J . Fish.
Aquat. Sci. 39: 1144-1149
Schmidt, M. R., Woodland, R. T. (1990). Virus lymphocyte
interactions: inductive signals necessary to render B
lymphocytes susceptible to vesicular stomatitis virus
infection. J . Virol. 64: 3289-3296
St. Jeor, S., Weisser, A. (1977).Persistence of cytomegalovirus
in human lymphoblasts and peripheral leucocyte cultures.
Infect. Immunol. 15: 402-409
Wheelock, E. F., Toy, S. T. (1973). Participation of lyrnphocytes in viral infections. Adv. Imrnunol. 16: 123-184
Wolf, K. (1988). Fish viruses and fish viral diseases. Cornell
Univ. Press, lthaca
Yamamoto, T., Arakawa, C. K., Batts, W. N., Winton, J. R.
(1990). Multiplication of infectious hematopoietic necrosis
virus in rainbow trout following immersion infection:
wholebody assay and immunochemistry. J , aquat. Anim.
Health 2: 27 1-280
Yamamoto, T., Batts, W. N., Winton, J . R. (1992). In vitro
infection of salmonid epidermal tissues by infectious
hematopoietic necrosis virus and viral hemorrhagic septicemia virus. J. aquat. Anim. Health 4: 231-239
Yasutake, W. T., Amend, D. F. (1972).Some aspects of pathogenesis of infectious hematopoietic necrosis (IHN).J. Fish.
Biol. 4: 261-264

Responsible Subject Editor: E M. Hetrick, College Park,
Maryland, USA

Manuscript first received. August 19, 1993
Rev~sedversion accepted: April 16, 1994

