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ABSTRACT: lmmunohistochem~stryand virus isolation were compared for their ability to detect viral
haemorrhagic septicaemia vlrus (VHS)in experimentally ~ n f e c t e dralnbow trout Oncorhynchus mykiss.
The f ~ s hwere divided into 3 g]-oups ( I to I l l ) , and infected, respectively, by bath challenge w ~ t h102,
103', and 10"CID50 ml-l water of a VHS virus strain serologically sllnilar to reference straln F1 The
cumulative mortality in Groups I to I11 was 44, 64, and 9 6 % , respectively, at 14 d post infection (p.i.).
Statistical comparison of the results from all groups showed that virus isolation was significantly more
sensitive than im~nunohistochemistry( p < 0.05). The same result was obtained by separate comparison
of Groups 1 and 11, but there was no significant difference between the 2 methods for Group 111
(10' TCID;,,,).Immunohistochemically. virus antigens were detected early (2 to 4 d ) in endothelial cells
linlng venules and sinusoids a n d in the haematopoietic cells in the head kidney, a s well as in interstitial macrophages and melanomacrophages; they were detected subsequently in hepatocytes (4 d p-i.)
and exocrine pancreatic cells (6 d p i.). Presence of virus was accompanied by cell degeneration a n d
necrosis from 4 d p.i. in all positive organs. These findings show that virus cultivation is the most sensitlve method for detection of VII-us,although immunohistochem~strymay represent a n adjunct to diagnosis of acute VHS virus infections. The main advantage of ~mmunohistochemistryis the possibility of
simultaneous demonstration of VII-usand morphological changes, making it a valuable tool for pathogenesis studies.
KEY WORDS: VHS virus - Virus cultivation . Immunohistochemistry . Rainbow trout . Oncorhynchus
m ykiss

INTRODUCTION
Viral haemorrhagic septicaemia (VHS) virus is the
causative agent of VHS in rainbow trout Oncorhynchus mykiss, and is one of the most severe pathogens
encountered in European trout farms (Jensen 1965,
Wolf 1988). The virus is also pathogenic for other fish
species, and experimental infection causes mortality in
Atlantic salmon Salrno salar L. (de Kinkelin & Castric
1982). Several species of trout (Rasmussen 1965, Ahne
0 Inter-Research 1994

et al. 1976, d e Kinkelin & Le Berre 1977),grayling Thymallus thymallus (Wizigmann et al. 1980), pike Esox
lucius L. (Meier & Jsrgensen 1979),white fishes Coregonus spp. (Ahne & Thomsen 1985, Meier et al. 1986),
turbot fry Scophthalmus maximus and sea bass Dicentrarchus labrax (Castric & d e Kinkelin 1984) a r e susceptible. VHS virus has also been isolated from
Atlantic cod Gadus rnorhua (Jensen e t al. 1979, Jsrgensen & Olesen 1987), and in addition, serologically
indistinguishable but genetically different viruses
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have been obtained from chinook salmon 0. tshawytscha, coho salmon 0. kisutch, Pacific cod Gadus
macrocephalus (Oshima et al. 1993) and herring Clupea harengus pallasi (Dr J R. Winton, National Fisheries Research Laboratory, Seattle, WA, USA, pers.
comm.).
Although a presumptive diagnosis of VHS may be
based on clinical signs and pathological changes in
internal organs, confirmation of the diagnosis of VHS
requires virus isolation followed by serological identification (Jmgensen 1974a). Many serological tests
have been described, while a limited number of studies have addressed the in s.itu detection of VHS virus,
with (Jsrgensen & Meyling 1972, Kruse & Neukirch
1989, Ortega et al. 1992) or without (Wizigmann &
Hoffmann 1982) parallel cultivation. Most of the studies referred to concluded that immunohistochemical
techniques reveal fewer positive samples than virus
cultivation. For diagnostic purposes, immunoenzyme
techniques have also been used for detection of VHS
virus in cell culture (Faisal & Ahne 1980, Sanz & Col1
1992), but there are few reports (Kruse & Neukirch
1989) on the use of this method for in situ demonstration of virus. The evaluation of new methods for supplementary use in the diagnosis of VHS is dependent
on careful comparative studies on their sensitivity.
Sensitivity in ~mmunohistochemicalterms is expressed
a s the lowest amount or concentration of antigen
detected (Petrusz et al. 1980).This parameter is, however, difficult to evaluate in the context of virus isolation. Therefore, to overcome this difficulty, an appropriate approach would seem to be to carry out studies
including virus isolation and in situ detection of virus
for direct comparison of the 2 methods.
Present knowledge of the pathogenesis of VHS is
limited (Wolf 1988), but the kidney and liver are considered to be the prime target organs. Although a n
intense replication of virus seems to take place in interstitial cells in the kidney, the precise phenotype of
these target cells is poorly characterized (de Kinkelin
et al. 1979).Endothelial cells have also been described
as one of the prime target cell populations in the head
kidney (Meier & Pfister 1981), and in both the liver and
head kidney (Wizigmann & Hoffmann 1982).Immunohistochemistry is suitable for pathogenicity studies,
especially immunoenzyme-based immunohistochemical techniques which allow simultaneous evaluation of
pathological changes and in situ detection of virus.
However, any study aimed at characterizing the target
cell type for a given infectious agent In fish is hampered by the fact that there a r e few phenotype-specific
immune sera or monoclonal antibodies available that
react in fish tissues.
The purposes of the present investigation were ( 1 ) to
develop a n immunoenzymatic method for in situ identi-

fication of VHS virus in formalin-fixed, paraffin-embedded tissue specimens and compare the results to those
obtained using virus isolation, and (2) to study the sequential spread and occurrence of the vi.rus in different
organs or ceUs during experimental infection in rainbow
trout, using immunohistochemical techniques.

MATERIALS AND METHODS
Fish. The 400 experimental fish, full siblings of rainbow trout of 15 cm length, were obtained from the
facilities of the fish disease laboratory of the University
of Berne, Switzerland.
Tanks. Four tanks (200 1) supplied with dechlorinated tap water were divided into 2 equal compartments by a mesh. The water temperature was 10.5 +
0.5 "C.
Virus. A VHS virus isolate (second passage in BF-2
cells), serologically similar to the reference strain F1
and with proven high pathogenicity in rainbow trout,
was used.
Experimental infection. Three groups of 50 fish each
were infected by bathing in concentrations of 102
(Group I), 103.' (Group 11), and 105 (Group 111) TCIDsO
VHS vlrus ml-' of water for 60 min at 10°C (TCIDs0=
tissue infective dose 5 0 % ) . Each group was placed in
1 of 3 tanks, each divided into 2 compartments. One
compartment was used for registration of mortality,
and the other compartment for sampling of tissue
when necessary, i.e. if there were no dead fish available at the time of tissue sampling (see below). Fifty
control fish were exposed to a n equal volume of virusfree phosphate-buffered saline (PBS), and handled as
the infected fish.
Monitoring. Mortality in 1 compartment per tank
was recorded daily. Dead trout from the same compartment or, if not available, dead or live fish from the
other compartment were sampled at 0, 2, 3, 8, 24, and
48 h, and 4, 6, 7, 8, 10, 13, 14, and 21 d post infection
(p.i.)(2 fish on each occasion). Clinical symptoms, typically abnormal swimming behaviour, lethargy and
darker-than-normal colour, were recorded and categorized as absent (0) or present ( l ] .
Virus cultivation. Head kidney from each sampled
fish was examined virologlcally by inoculation of
homogenates (diluted 1:10 and 1:100 in PBS) onto BF-2
cells (Wolf et al. 1966). Inoculated cell cultures were
incubated at 15°C for 7 d , then subcultivated for
another 7 d . Cultures were examined daily for the
presence of a distinct cytopathic effect (CPE). The
serological examination was done by a n indirect
immunofluorescent antibody technique (IFAT) (Jsrgensen 1974b), using rabbit antiserum against VHS
virus (reference strain F l ) .
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Tissue sampling. Parallel tissue samples, from the
same fish, of gills, brain, liver, posterior and head kidney, pyloric caeca including panc.reas, and muscle
were collected and fixed in phosphate buffered formalin (pH 7.4) for 24 h. The samples were embedded m
paraffin wax according to standard procedures (Meier
& Pfister 1981).
Immunohistochemical investigations. The immunohistochemical method was as described by Hsu et al.
(1981), and as modified by Evensen (1993). Briefly,
after deparaffinization, the sections were overlaid with
a solution of 5 % (w/v) bovine serum albumin (BSA) in
Tris-buffered saline (TBS, pH 7.4) for 20 min, to block
nonspecific binding sites. The solution was blotted off
the slides and the polypeptide-specific polyclonal antibody against nucleoprotein (N-protein, see below) was
incubated at a dilution of 1:500 for 30 min or 1:4000 for
18 to 20 h. After washing for 5 min in TBS, the secondary antibody, biotinylated antirabbit immunoglobulin diluted 1:300 (Dakopatts, Glostrup, Denmark),
was added and the mixture incubated for 30 min. After
washing in TBS, avidin-biotin alkaline phosphatase
(diluted 1:300, Dakopatts) was added and incubated
for 30 to 45 min at room temperature. After washing,
Fast Red (1 g 1-l; Sigma, St. Louis, MO, USA) and
naphthol AS-MX-phosphate (0.2 g I-'; Sigma) with
1 mM levamisole (Sigma) as inhibitor in 0.1 M TBS
were added and allowed to develop for 20 min. After
washing in tap water, sections were counterstained
with Mayer's haematoxylin and mounted in an aqueous mounting medium (Aquamount; BDH Laboratory
Supplies). All incubations were performed at room
temperature in a humidified chamber.
A preliminary study was performed on paraffinembedded, stored tissue specimens collected during
outbreaks of VHS in Norway and France and from an
experimental infection in Denmark. VHS virus was
detected in all specimens previously recorded as virus
positive.
Evaluation of positive or negative reaction in tissue
sections from the experiment was performed without
knowledge of the results from the virus cultivation.
Controls included use of nonimmune serum (normal
rabbit serum) at the same dilution as the immune
serum. Tissue sections from noninfected rainbow trout
were also incubated with immune and nonimmune
serum. In addition, we estimated end point dilution
value (the highest dilution of the primary antibody that
gives a positive reaction discernable from background)
after 30 rnin incubation at room temperature (Petrusz
1983).
Production of polypeptide-specific polyclonal antibodies. Reference strain F1 of VHS virus (Jensen 1965)
was cultivated in BF-2 cells (Wolf et al. 1966), and
gradient-purified as described by de Kinkelin (1972).

After solubilization tvith sodium deoxycholate ( 2 % ) ,
Triton X-100 ( 2 % ) , and dithiothreitol (10 mM) as
described for pike fry rhabdovirus by Clerx &
Horzinek (1978),purified virus was allowed to react in
cross-immunoelectrophoresis against an antiserum
previously produced by immunizing rabbits with pelleted, non-gradient-purified F1 virus as described by
Jsrgensen (1974a).Immunoprecipitates were cut out of
18 gels, washed in 3 changes of PBS over 3 d at 4 'C,
homogenized by means of mortar and pestle, resuspended in PBS and then used as antigen for injection
into rabbits. Each of 3 rabbits was given subcutaneous
injections of antigen mixed with equal parts of
Freund's incomplete adjuvant on Days 0, 15, 30 and
135, respectively, alternating with intraperitoneal
injections of antigen without adjuvant on Days 45, 60
and 150. The rabbits were bled 10 d after the last injection. Each rabbit received precipitates from 6 gels.
When examined by Western blotting, the resulting
antisera reacted only tvith the N-protein of VHS virus.
Details concerning the cross-immunoelectrophoresis
and the testing of the protein specificity of the antisera
will be given elsewhere.
Comparison of techniques, and statistical evaluation. In immunohistochemical terms, sensitivity is
expressed as the smallest amount of antigen revealed
(Petrusz et al. 1980),and can only be evaluated in artificial antigen substrates in which known amounts of
antigens are embedded (Avrameas & Ternynck 1969,
Brandtzaeg 1972).To compare the number of positives
in immunohistochemistry with that of virus isolation,
the results obtained were evaluated statistically using
an exact binomial test (Sokal & Rohlf 1981).The probability that the observed differences were due to
chance alone was calculated using the binomial distribution. Differences were considered significant at p 2
0.05. The agreement between the different tests was
also measured, and a kappa value was calculated
(Martin et al. 1987). Agreement was considered moderate, substantial and almost perfect at 0.4 < K < 0.6,
0.6 < K < 0.8, and 0.8 IK < 1, respectively.

RESULTS

The cumulative mortality in each group on Day 14
p.i. was 44, 64, and 96%, for Groups I, 11, and 111,
respectively (Fig. 1).The onset of mortality was on Day
8 for Groups I and 11, and on Day 6 p.i. for Group 111
(Fig. 1). In the control fish, no mortality or presence of
virus was observed.
In Group I (10' TCID5, ml-l), the virus could be isolated by cultivation from Day 4 p.i. until the end of the
experiment, whereas the presence of virus was demonstrated from Day 4 to 10 p.i. (only 1fish on Day 10)by the
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Table 1. Oncorhynchus mykjss. Detection of VHS virus from rainbow trout by cultivation and immunohistochernistry at different
times post lnfechon for the different groups Detection values are: no, of f ~ s hposlt~ve/no,of fish tested. Groups I, 11 and 111 infected
were with 102. 103-7and 105 TCIDSOml-' water, respectively. Symptoms were evaluated as present (1) or absent (0). ne: not
examined
Total number

Days post infection:

Group I
Virus isolation
Immunohistochern~stry
Clinical symptoms
Group I1
Virus isolation
lmmunohistochemistry
Clinical symptoms
Group I11
Virus isolation
Immunohistochernistry
Clinical symptoms

0

1

2

3

4

5

6

0

1

2

4

6

7

8

10

13

14

21

offishpositive

0/2
0/2
0

0/2
0/2
0

0/2
0/2
0

2/2
2/2
0

2/2
2/2
1

2/2
2/2
1

2/2
2/2
1

2/2
1/2
1

2/2
0/2
1

1/2
0/2
0

4/7
1/7
1

17
10

0/2
0/2
0

0/2
0/2
0

2/2
1/2
0

2/2
2/2
0

2/2
2/2
1

2/2
2/2
1

2/2
2/2
0

2/2
1/2
1

1/2
1/2
1

2/2
0/2
1

1/2
0/2
1

16
11

0/2
0/2
0

0/2
0/2
0

2/2
0/2
0

2/2
2/2
1

2/2
2/2
1

ne
ne
ne

2/2
2/2
0

2/2
2/2
1

ne
ne
ne

2/2
2/2
1

ne
ne
ne

12
10

7 8 9 1 0 1 1 1 2 1 3 1 4 2 1
Days p.i.

Fig. 1 Oncorhynchus mykiss. Cumulative mortality in the 3
groups of rainbow trout infected with different doses of VHS
virus: 102. 103-'. and 105 TCIDso ml-'

immunohistochemical method (Table 1).At later stages
(Day 21), virus antigens were demonstrated in tissue
sections from 1 fish (kidney) by immunohistochemistry.
In Group I1 (103 TCIDSoml-l), virus was revealed by
isolation from 4 8 h p.i. until the end of the experiment,

and from 48 h p.i. (1 of 2 fish) to Day 13 p.i. (1 of 2 fish)
by the immunohistochemical method (Table 1).
In Group 111 (105TCIDSOml-l), virus could be isolated
from 4 8 h p.i. to Day 14 p.i. By Day 21, all the fish had
died. Virus was demonstrated in situ from Day 4 until
Day 14 p.i. (Table 1).
By immunohistochemistry, virus was detected a s
early as 48 h p.i. interstitially in the head kidney, and at
4 d p.i, in endothelial cells lining venules and sinusoids
in the anterior and posterior kidney (Fig. 2). Interstitial
macrophages and melanomacrophages closely apposed to sinusoids/endothelial cells were also positively stained (Fig. 3). Single cells showed morphological signs of degeneration, revealed a s fragmentation
of the pigment granules of melanomacrophages
(Fig. 4). In Group 111, there was a more intense staining
of endothelial cells in small venules and sinusoids in
the kidney compared to the 2 other groups at this time;
these cells also showed signs of degeneration, initially
revealed as indistinct cell borders. At 7 d p.i., virus was
detected in association with necrosis in accumulations
of melanomacrophages, so-called melanomacrophage

Figs. 2 to 7. Oncorhynchus mykiss. Tissue sections from VHSV-infected fish stained using an avidin-biotin alkaline phosphatase
method with Mayer's haernatoxylin counterstain. Fig. 2 Kidney, 4 d post infection (p i.),Group 11. VHS virus is demonstrated in
endothelial cells limng a venule and revealed as red, cytoplasmic staining (black arrow) There are no morphological slgns of cell
degeneration. Positive staining is also revealed In haematopoietic cells (white arrows). x530. Fig. 3. Kidney, 4 d p.i.. Group I. Positive staining for VHS vlrus is demonstrated in macrophages and rnelanornacrophages located interstitially. Note positive staining
also in endothellal cell (arrow).x 1330. Fig. k d n e y , 4 d p . ~ .Group
,
111. Positive cytoplasmic staining is seen in macrophages and
melanornacrophages (white arrows). Note the fragmentation of rnelanomacrophages with extracellular location of granules (black
arrow).Also observe positive staining in remnants of necrotic cells (star).X 1330. Fg,5. k d n e y , 7 d p.i., Group 111. Focal necrosis with
positive staining for VHS virus (arrows),especially in cells located in the periphery of the necrotic area. x840. Fig. 6. Liver, 4 d p i ,
Group 111. One hepatocyte with strong cytoplasmic staining for VHS virus, without concomitant morpholog~calsigns of degeneration.
Endothelial cells are negative. x530. Fig. 7. Exocrine pancreas. 6 d pi., Group 111. Positive staining is revealed in degenerate exocrine
pancreatic cells. Note positive staining in pancreatic cell without degenerative changes (arrow).x530
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centres, and focal necroses were also present at this
time (Fig. 5).
At 4 d p i . , virus was demonstrated in hepatocytes in
all groups, also with concomitant degeneration and
necrosis of single cells (Fig. 6). Virus was not detected
in endothelial cells in the llver (Fig. 6). At later stages,
7 d p.i., focal necroses were present (not shown).
Virus was detected in exocrine pancreatic cells in all
groups 6 d p.i., usually with necrosis of single exocrine
cells (Fig. 7). Moderate infiltration of inflammatory
cells was occasionally seen in areas of degeneration.
Virus was also detected in pillar cells of the secondary
lamellae of the gills (Groups I and 111, 7 d p i ) , and
sometimes in the musculature (not shown). At late
stages (13 and 14 d p i . ) , virus was still detectable in
interstitial cells in the head kidney and in parenchymal
liver cells. Virus was not detected in brain sections at
any stage of the disease.
Overall, virus was detected by immunohistochemistry in 31 fish out of the 45 fish found positive by virus
isolation (Table 1). In 30 of these fish, virus was
detected in the head kidney. In comparison, virus was
demonstrated in the liver of 17 fish and in the exocrine
pancreas of 12 fish.
Out of the 65 fish examined for presence of virus by
cultivation and immunohistochemistry, 14 samples
were positive by cultivation although negative by
immunohistochemistry (Table 1). The binomial test
showed a significant difference between the 2 methods
when evaluated for all groups (p = 0.000061), i.e. cultivation was significantly more sensitive than immunohistochemistry for detection of VHS virus.
Comparison of the methods separately for Groups I,
11, and I11 shows that virus cultivation was significantly
more sensitive than immunohistochemistry for Groups
I and 11, but not for Group I11 ( p = 0.25). When comparing the results obtained during the exponential phase
of the cumulative death curve (Days 6-7 to 14), p-values of 0.0625 were obtained for Groups I and 11, and
there was a perfect agreement between the 2 methods
for Group 111 ( K = 1).
The K-values, ranging from 0.455 to 0.7 14, reflect a
moderate to substantial level of agreement between
the 2 methods.

DISCUSSION

The present study demonstrated the in situ detection of VHS virus in formalin-fixed, paraffin-embedded tissue specimens by polypeptide-specific polyclonal antibodies and an avidin-biotin alkaline
phosphatase method. Comparison of virus isolation
and immunohistochemistry showed virus cultivation
to be significantly more sensitive than irnmunohisto-

chemistry; however, the difference was not significant
at high infection doses (10' TCIDSOml-l) or during the
exponential phase of the death curve. In the course of
the experimental infection, virus was first demonstrated in situ in the kidney tissue in haematopoietic
cells, in endothelial cells lining the venules and sinusoids, and subsequently, in the parenchymal liver
cells, exocrine pancreatic cells, and gills. Virus antigens were revealed in situ simultaneously with the
demonstration of cell degeneration and necrosis in
different organs.
The few reports published comparing the use of in
situ methods and virus cultivation for identification of
VHS virus included frozen specimens for in situ detection ( J ~ r g e n s e n& Meyling 1972, Ortega et al. 1992).
Kruse & Neukirch (1989) have previously compared
detection of virus in formalin-fixed, paraffin-embedded tissue specimens with detection by virus cultivation; however, they did not estimate the sensitivity of
the 2 methods used. In the present study, lack of a significant difference between the 2 methods at a high
infection dose (Group 111) and during the acute phase
of the disease (exponential phase of the cumulative
death curve) was intriguing, and these findings are in
agreement with those reported earlier using the
immunofluorescence technique (Jsrgensen & Meyling
1972). However, the presence of defective virus particles could interfere with the sensitivity of cultivation at
high concentrations of virus. On the other hand, this
suggests that immunohistochemistry may be useful as
an adjunct for diagnosis of VHS during acute outbreaks of the disease, especially since defective particles supposedly can be detected in situ by immunohistochemistry. In contrast to immunofluorescence,
immunoenzyme methods allow the simultaneous evaluation of pathological changes and in situ demonstration of virus. This duality of the immunoenzyme methods makes them superior to immunofluorescence and
significantly assists in diagnosis. Nevertheless, at low
infection doses (as reported herein) and during the
chronic phase of infection (Jsrgensen & Meyling 1972),
virus cultivation is significantly more sensitive than
immunohistochemistry, and is the method of choice for
diagnosis of VHS virus infection. In general, immunohistochemistry can aid in diagnosis, but a negative
result should be interpreted with caution (Petrusz
1983).
Tissue preparation is a critical step in immunohistochemistry, especially the fixation method (Brandtzaeg
1982).It has been shown that formalin fixation reduces
the sensitivity of immunohistochemical techniques
compared to precipitating fixatives, when using
immune sera or monoclonal antibodies against protein
epitopes (Brandtzaeg & Rognum 1984, Valnes et al.
1984). The differences in detection sensitivity, ex-
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pressed as the smallest amount of antigen revealed
(Petrusz et al. 1980), may range from 3- to 8-fold
between ethanol and formalin fixation when evaluated
in artificial antigen media (Brandtzaeg & Rognum
1984, Valnes et al. 1984, Evensen et al. 1994); the
adverse effects induced by fixation, especially by the
aldehyde-containing fixatives, include the masking of
tissue antigens with loss of antigenicity. The most
recent previous report on in situ den~onstrationof VHS
virus describes a higher sensitivity of immunofluorescence methods compared to virus isolation when physical fixation and frozen sections are used (Ortega et al.
1992).In this light, further studies should be performed
to evaluate and improve the sensitivity of the immunohistochemical methods for detection of VHS virus,
including the use of different precipitating a n d crosslinking fixatives.
The prime target organs in VHS virus infection are
the kidney and the liver, this conclusion being based
on the extent of tissue degeneration and necrosis
in these organs (de Kinkelin et al. 1979, Wolf 1988).
Previous studies (Meier & Pfister 1981, Wizigmann &
Hoffmann 1982) reported endothelial cell degeneration at early stages of infection, preceding parenchymal degeneration a n d necrosis. This succession was
not confirmed in the present study, but evaluation of
endothelial cell degeneration might be difficult at the
light microscopic level. In addition, the exact nature
of the target cells is not known (de Kinkelin et al.
1979), but, as shown in this study, there seems to be
a n intense replication of virus in many interstitial
cells, including macrophages and melanomacrophages early during the infection, with consequent
cell degeneration and necrosis. Hepatocytes a r e also
affected during a VHS virus infection, and degeneration in single hepatocytes and simultaneous presence
of virus were also demonstrated at a n early stage (4 d
p.i.). However, virus was not detected in endothelial
cells lining the sinusoids in the liver, in contrast to the
observations made for endothelial cells lining the kidney venules and sinusoids. The significance of these
findings is not easily interpreted. At 6 d p.i., virus
was also detected in exocrine pancreatic cells together with concomitant cell degeneration a n d necrosis. Virus was not demonstrated in the gills at early
stages of infection, being first detected at 7 d p.i. in
pillar cells in the secondary lamellae. The latter observation is in agreement with the report of Wizigmann & Hoffmann (1982), but discordant with other
reports (Ahne 1978, Neukirch 1984). Neukirch (1984)
isolated virus from gill samples during the initial
phase of a waterborne experimental infection induced by a n infection titer and exposure time identical to those reported here. The general opinion is that
the gills are the prime portal of entry when virus is
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transmitted in water (Wolf 1988), although a recent
report has focused on the epidermis and epidermal
tissues as a possible site for entry and early virus
replication (Yamamoto et al. 1992). The findings reported herein concur with the observations reported
by others with regard to the sequential in situ detection of virus during a n experimental infection, but
there is still need for better characterization of the
prime target cells in VHS virus infections. Immunohistochemical techniques are of special value in this
context.
Virus was not detected in situ in brain tissue at any
time during the experiment. These findings are in
contrast to those reported by others (Kruse &
Neukirch 1989) who found that virus could be detected in situ in brain tissue 5 d after infection by use
of a n immunoperoxidase technique. The contrasting
observations are not easily explained but different experimental designs, the use of different virus strains
a n d different antisera may cause variation between
experiments. Furthermore, tissue preparation, as discussed earlier, will obviously influence the results obtained using immunohistochemical methods. The observations referred to in the literature are also
inconsistent with regard to in situ detection of VHS
virus in the nervous tissue of the brain. A previous
study demonstrated virus in the endothelial cells in
the brain, but not in the nervous tissue (Wizigmann &
Hoffmann 1982), while others have reisolated VHS
virus from the brain at a stage of disease where the
virus was not present in other organs (Neukirch
1986). The latter findings are in agreement with the
observation that virus can be reisolated from brain tissue during the chronic course of a natural infection
(authors' pers. obs.). Obviously, there 1s a need for further studies to identify the target cells in brain tissue
of VHS virus infected fish.
When comparing 2 methods, one may ascertain
whether one test gives more positive responses than
the other (Martin 1977), and also assess the extent to
which the different methods classify the same individuals/samples into the same category (test positive or
test negative). This means it is possible to measure
agreement beyond the level associated with pure
chance, expressed as the K-value (Martin 1977). Furthermore, a high K-value indicates that the tests measure what they purport to measure, and a K of 0.4 to 0.5
indicates a moderate level of agreement (Martin et al.
1987). O n this basis, the present study demonstrated
moderate to substantial agreement between immunohistochemistry and virus isolation, and indicated that
both methods measure what they intend to measure.
However, virus isolation is significantly more sensitive
than immunohistochernistry, a n d again, should be the
method of choice for detection of VHS virus.
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