Vol. 13: 211-223, 1992

DISEASES OF AQUATIC ORGANISMS
Dis. aquat. Org.

Published September 3

Techniques for diagnosing viral diseases of
salmonid fish
F. Sanz, J. Coll*
INIA-Sanidad Animal, Embajadores 68, E-28012 Madrid, Spain

ABSTRACT: Cell culture for amplification and the techniques most used for identification of salmonid
viruses - neutralization, immunofluorescence and, to a lesser extent, immunoperoxldase, complen~ent
fixation, agglutination, electron microscopy, immunodifussion or radioimmunoassay - may soon b e
replaced by other techniques such as enzyme immunoassays (immunodot a n d enzyme-linked
immunosorbent assay, ELISA) and hybridization with DNA probes. It is expected that developments in
monoclonal antibodies (MAbs) and amplification by the polymerase chain reaction (PCR) will increase
sensitivity of enzyme immunoassays and DNA hybridizations, respectively. Some of these n e w methods
should provide detection of the low levels of virus present in adult carriers a n d perhaps in eggs
(although this is more complicated). Other &agnostic methods, such as measurement of virus-specific
salmonid immunoglobulins (Igs) by ELISA or stimulation of immunological cellular memory by in vitro
CO-cultureof salmonid lymphocytes with viral proteins, could also b e further developed.

VIRAL DISEASES OF SALMONIDS AND THEIR
DIAGNOSIS
Infectious pancreatic necrosis (IPN), viral haemorrhagic septicaemia (VHS) and infectious haematopoietic necrosis (IHN) are the major viral diseases causing
severe mortalities of farm-reared salmonids. Initially
found in North America, IHNV has been detected in
Italy and France (Baudin 1987, Bovo et al. 1987) and is
now considered a major problem for the European
Community (EC 1990). Similarly, VHSV, initially found
in Europe, has recently been detected in salmon on the
west coast of the United States (Brunson et al. 1989,
Hopper 1989).
Rapid and sensitive methods of diagnosis are critical
if dissemination of the viruses causing these diseases is
to be controlled, because no vaccines currently exist for
their prevention. Rapid diagnosis is desirable during
the acute phase of the disease, whereas highly sensitive diagnosis is necessary to detect viruses during the
carrier phase of the disease.
Methods for diagnosis of viral diseases can be separated into 2 groups, those measuring the presence of
the virus and those detecting the specific response of
the host. To detect virus in fish it is necessary first to
sample the fish population correctly, second to amplify
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the content of the sample, and third to identify the
virus. To identify the virus we can measure its
cytopathic effect on cell culture, proteins, nucleic acids
and/or morphology. For most of these methods reagents such as polyclonal or monoclonal antibodies
(Abs) and DNA probes are needed, all of which should
be complementary to structural components of the
virus to be identified. To detect the reaction of the host
we can measure either their humoral or their cellular
immunological responses.

SAMPLING SALMONID POPULATIONS
Accurate diagnosis of a viral disease depends to a large
extent on the number of viruses per volume of sample.
The number of viruses per volume of sample depends
on the number of fish with viruses, the number of
viruses per fish and the final dilution of the sample
before analysis. Maximal levels of viruses reported in
fish tissues undergoing natural or experimentally
induced viral infections during the acute phase of the
disease can vary between 104 and 10' tissue culture
infectious dosages (TCIDSO)g-l tissue (de Enkelin &
Bearzotti 1981, Mulcahy et al. 1983, Hattori et al. 1984,
Kimura et al. 1984, Neukirch 1984a, b, Yoshimizu &
Kimura 1985, Mulcahy & Batts 1987, Nishimura et al.
1988, Basurco & Coll 198913).When sampling a popula-
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tion of salmonids a statistically significant number of
fish must be collected. But it is somewhat difficult to
collect a representative and random sample, especially
when there is no mortality (estimated number of virus
per gram of tissue 5 103). For sampling, fish must be
pooled according to age, source, species, strain, and
water supply (Amos 1985). The sample size needed to
detect at least one carrier fish in populations of a fixed
size, a n d with a n assumed carrier incidence, can be
calculated at the 95 OO/ confidence level from the Poisson probability distribution (Amend & Wedemeyer
1970). For instance, for a population size of 1000 salmonid fishes with a 10 % incidence of carriers, 27 fish
must b e examined. However, to increase the probability of detecting viruses during a n acute phase, one may
select moribund fishes a n d process them separately.
To detect viruses during the carrier phase, fry, fingerling, ovarian fluid, sperm, or visceral samples may be
combined into 10-fish pools. Visceral homogenates may
more effectively identify virus-carriers, but it is not
practical to kill a large number of fish. In the pooling of
samples mentioned above it is assumed that if one fish in
the pool contains virus in excess of 103TCIDSom]-', the
virus can be detected. The possibility of detecting the
virus will b e increased if fewer fish per pool are used (for
instance in a n individual test), or if more than one carrier
is present in the pooled sample.
Large numbers of individual homogenates can be
made using 96-well plates (300 p1 well-') with 96 flattipped rods. The samples loaded in the wells are
homogenized
simultaneously by
rotating the
homogenizer against the flat-bottomed wells. Other
time-saving aspects of this system include ease of sample loading a n d data recording, storage of samples by
freezing and pipetting with multiple-pipettes (FrenchConstant & Devonshire 1987).

tion, samples can be concentrated to very small final
volumes). In addition it can be made highly specific to
the virus by select~ngsequence-specific primers (see
below).
ANTIBODIES TO VIRAL PROTEINS
To identify the presence of viral proteins by
immunological methods specific Abs should be prepared. These can be either polyclonal antibodies
(PAbs) or monoclonal antibodies (MAbs). Fig. 1 shows
the general schemes followed by most of the
immunological methods.
There are no significant differences in the protein
content among different VHSV isolates (Basurco & Col1
1989a), although a n N, protein has been found in
VHSV nucleocapsids that was not in similar IHNV
preparations, which could allow for differential diagnosis in some cases (Basurco et al. 1991). Viral protein
content is a measure of the number of virions; 1 n g of
rhabdoviral protein represents 107 virus particles (Hsu
& Leong 1985), but because the particle-to-infectivity
ratio is about 1000:1, that will only mean about 104
infective viruses. Theoretically the immunological
methods to detect these amounts provide a n advantage
over the cell culture methods. Immunological methods
measure both viral proteins, which may or may not be
incorporated into a viral particle, a n d viral particles
which may or may not b e infective. To date however,
none of the immunological assays has proven to be
more sensitive than virus isolation by cell culture
techniques.
Workers have used a wide variety of inoculation
programs to obtain PAbs in rabbits for VHSV a n d
IHNV, but the neutralization titres (reciprocal of last
dilution to give neutralization) obtained have generally

AMPLIFICATION OF VIRAL CONTENT OF
SAMPLES
Once sampling has been optimized the viral content
of the homogenate requires amplification by inoculation into cell culture (Wolf & Mann 1980, Lannan et al.
1984, Amos 1985). Currently the most sensitive method
for detection of IPNV involves CO-cultivation of cell
lines with kidney cells or leucocytes from the test fish
(Agius et al. 1982, Ahne & Thomsen 1986). However, to
avoid inhibition by the tissue extracts, the tissues
should be diluted 100-fold or more (Dixon 1987). New
developments are expected in this area d u e to the
possibility of amplification of viral genomes by the PCR
(polymerase chain reaction) technique. The viral DNA
amplification can take place in a few hours a n d from a
larger volume of sample (since by nucleic acid extrac-

A

Solid phase

B

Fig. 1. Scheme of immunological virus detecting methods. The
solid phase can be infected cells (immunofluorescence or
immunoperoxidase method), nitrocellulose membranes
(~mmunodot)
or microtltre wells (EUSA).(A) Indlrect methods:
(B) sandwich methods. Y-shaped symbols represent specific
Abs (PAbs or MAbs); inverted Y-shaped symbols with dots
connected to them represent A b labeled with fluorescence or
w t h peroxldase. The specif~canti-virus Abs could also b e
labeled to simplify the method
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ranged from 5 102 to l o 4 (Habashi et al. 1975, Hill et al.
1981).In contrast, neutralization titres of 106 are usually
obtained against IPNV. Antisera containing neutralizing Abs to salmonid viruses, produced by immunizing
rabbits, contain antiviral Abs, but also Abs either to the
cell line used to obtain the virus or to the fish tissue
components. Attempts to absorb out these Abs have not
been entirely successful, although some procedures
work well, e.g. in vivo adsorption. Alternatively, 2
different cell lines could be used to obtain the virus and
to perform the diagnosis, although this does not always
solve the problem.
Before MAbs became available, most immunoassays
used the Ig (immunoglobulin) fraction of a n immune
serum to prepare the reagents. However, the best
immune sera contain only 10 % specific anti-virus Ab,
which means a 10-fold decrease in specific activity and
some background and/or cross-reactivity problems.
Antigen-affinity-purified Abs are free of the problen~s
mentioned above but they might be difficult to obtain
because of the large amounts of purified virus needed
to make the affinity columns. MAbs would probably be
the best alternative since they have already been
obtained and characterized against IPNV (CaswellReno et al. 1986, Wolski et al. 1986, Dominguez et al.
1990),VHSV (Lorenzen et al. 1988, Mourton et al. 1990,
Sanz et al. unpubl.) a n d IHNV (Schultz et al. 1985,
Winton et al. 1988, Ristow & Arnzen 1991).

TECHNIQUES FOR IDENTIFICATION OF VIRAL
PROTEINS
Neutralization
This method identifies the virus by neutralizing its in
vitro infectivity (Deuter & Enzmann 1986). By using
PAbs obtained in rabbits as neutralizing reagents it
was possible to differentiate 3 IPNV serotypes,
although a classification into 2 serogroups with 9
serotypes in the first serogroup has been proposed (Hill
& Way 1983). On the one hand, however, important
antigenic differences could be observed even within
the same serogroup (Hill & Way 1980, McDonald &
Cower 1981, Nicholson & Pochebit 1981, Okamoto e t
al. 1983); but on the other hand, substantial antigenic
relationships exist among the strains of IPNV when
examined by immunodiffusion or immunofluorescence
(Ishiguro et al. 1984). By neutralization it was also
possible to differentiate 3 VHSV serotypes (Le Berre et
al. 1977, Ahne et al. 1986), but no cross-neutralization
between IHNV and VHSV has yet been demonstrated
(McAllister et al. 1974), nor have different IHNV
serotypes been described (Engelking et al. 1991).
Neutralizing MAbs have been difficult to obtain for
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IPNV (Dominguez et al. 1990), VHSV (Lorenzen et al.
1990, Sanz et al. unpubl.) and IHNV (Winton et al.
1988, Ristow & Arnzen 1991). Only a few neutralizing
MAbs have been described, and their use has not been
yet reported in clinical diagnosis. Day-to-day variation
(Olesen & Vestergaard-J~rgensen1986), inhibition of
infectivity by the fish tissue extracts (Dixon 1987) and
the time-consunling, labour-intensive character of the
neutralization test (Ghittino et al. 1980, McIntosh et al.
1980) necessitate the need to look for alternatives.

Immunofluorescence
This technique has been extensively used for detection of viral antigens in cell cultures a n d fish tissues
(Piper et al. 1973, Meier & Vestergaard-Jsrgensen
1975, Menezes 1977, Swanson & Gillespie 1981, Ahne
et al. 1986). To detect virus by immunofluorescence,
coverslip cultures are infected and fixed at the beginning of the cytopathic effect. Half of the coverslip can
b e used for reaction with anti-VHSV a n d half with antiIPNV. In cultures infected with 10 viruses per cell,
specific anti-virus fluorescence was observable after
8 h , but with 1 virus per cell up to 16 h were needed
(Vestergaard-Jorgensen 1968, 1972, 1974). The need
for fresh, quickly frozen fish tissues is a disadvantage of
this technique. Furthermore, autofluorescence of fish
tissues a n d cross-reacting PAbs can interfere with
interpretation of the results (Ahne 1981). Though
adsorption of the PAbs with fish tissue homogenates
removed most of their non-specific staining, the virus
titres found in the tissues of VHSV carriers were not
always associated with the number of fluorescent cells
(Vestergaard-J~rgensen& Meyling 1972). It remains to
b e seen whether or not the use of MAbs for fluorescence (Fig. 2) will increase the sensitivity (Table 1) of
this technique (Wolsh et al. 1986, Winton et al. 1988,
Lehmann et al. 1990, Arnzen et al. 1991).

Immunoperoxidase
The immunoperoxidase technique provides some
advantages over imn~unofluorescence,such as elimination of background staining, use of a n ordinary light
microscope and the possibility of keeping the results
for a long time. The immunoperoxidase method may b e
considered to b e slightly more sensitive than immunofluorescence because the virus antigen could be detected earlier in cell culture. However, only when the virus
titres of frozen samples of kidney a n d spleen from
infected fish were > 10' TCIDS0 g-' did they show a
positive reaction (Faisal & Ahne 1980). The need for
removal of endogenous peroxidase(s) adds one more
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step to this technique. Both immunofluorescence and
immunoperoxidase requlre either cell culture techniques or sectioning of infected tissues. Because of
their low sensitivity a n d because of the need to process
each sample one at a time they are not very useful
for detecting carriers (Nicholson 81 Henchal 1978). It
remains to be seen whether the use of MAbs can
increase the sensitivity of this technique (Fig. 2).

Agglutination

Fig. 2. VHSV-infected epithelium papillosum carp (EPC) cells
stained by immunofluorescence (upper panel) with anti-N
VHSV MAb, or by imrnunoperoxidase (lower panel) with antiN VHSV MAb labeled with horseradsh peroxidase (MAbs
described ~n Sanz & Col1 1992)

Simple, specific, cheap, easily semiquantified a n d
suitable for use in the field, this technique requires no
special apparatus. The diagnostic results, however,
must be confirmed by other techniques d u e to the high
incidence of false positives (Yoshimizu & k m u r a 1985).
Cultures of fish cells infected with presumptive viruses
are fixed a n d then Staphylococcus aureus Cowan strain
A (binds IgG) sensitized with anti-virus PAbs is added,
washed and the whole preparation stained. The avera g e number of bacteria attached per cell varies
between 0.5 in non-infected controls to 10 in infected
cultures (Bragg & Combrimk 1987). The fish tissue
samples could also b e homogenized, centrifuged, the
supernatant mixed with the anti-virus sensitized bacteria and agglutination observed. Under solid-phase
immuno-electron microscopy, the agglutinated bacteria sensitized with anti-virus Ab showed virus at their
surfaces (Yoshimizu & Kimura 1985). The minimum
titre of IPNV necessary to show a positive reaction was
106 T C I D ml-'
~ ~ in cell culture (Kimura et al. 1984) and
lo3 TCID,o g-' in trout undergoing the disease (Table
1).The IPNV antigen could be detected after a n 80-fold
dilution of samples by increasing the time of the
agglutination reaction from 30 to 90 min (fimura e t al.
1984). Agglutination using MAbs or the highly reproducible latex techniques has not yet been applied to
the virus of salmonlds.

Table 1. Comparison of sensitivity of enzyme-immuno-indirect methods. Sensitivity was defined as the minimal amount of virus
that produced a significant difference to the control. PV. Purified virus; CCS: cell culture supernatant; TE: tissue extract;
P: polyclonal; M: monoclonal; F: fluorescence; A: agglutination; F.P.. false pos~tives,-: not determined
CCS
(TCIDSoml-l)

TE
(TCID,, g-l)

Source

85
20

1o5
lo3
1OS

1o5

1o3
-

Swanson & Gillespie (1981)
Kimura et al. (1984)
McAllister & Schill (1986)
Hsu et al. (1989)

Dot

400

1OS

-

Dot
Dot
Dot

400
1000
550

lo5

Virus

Ab

Method

IPN

P
P
P
M

F
A
Dot
Dot

VHS

P

IHN

P
P
M

PV
(ng m1 ')

p

104

F.P.

McAllister & Schill (1986)
MCAlhster & Schill (1986)
Hsu & Leong (1985)
Schultz et al. (1989)
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Enzyme immunoassay (ELISA)
ELISA has recently gained acceptance as a rapid,
specific and sensitive means of detecting and identifying salmonid viruses (Dixon 1985). The major advantages of ELISA are rapid processing of large numbers of
samples with the possibility of automation, and reproducibility of the large-scale production (Coll 1991a).
In early reports on the use of ELISA for IPNV detection with PAbs, sensitivity levels of 105 TCID50 ml-' of
culture fluid and of 104 to 107 TCID50 g-' of infected
trout were given (Nicholson & Caswell 1982, Dixon &
Hill 1983). Viral antigens could b e detected 24 h before
the cytopathic effect in cell culture. The sensitivity was
about 10 ng of purified virus ml-' if no fry extract was
added and 100 ng of purified virus ml-' when fry
extract was added. Moribund fry from a natural infection with 90 % mortality showed a high value by ELISA.
A sensitivity increase was claimed by Hattori et al.
(1984) to allow detection of 104 TCIDso ml-l and by
Rodak et al. (1988) to allow detection of lo3 TCIDSo
ml-l. Dominguez et al. (1990) described the use of
MAbs with similar detection levels corresponding to 10
ng of purified virus ml-'. Rather than on new
methodological approaches, however, these differences seem to depend on the quality of the Abs, the
amount of Ab bound to the solid phase or the presence
of variable concentrations of non-infective viral particles in the samples tested (Table 2). Acute phases
might still be measured by this technique but its sensitivity is not yet sufficient to detect carriers (Table 2).
Rapid serotyping of IPNV has also been recently
described with the help of serotype-specific MAbs by
ELISA (Babin et al. 1990, Dominguez et al. 1991).
The ELISA technique using PAbs has also been
adapted to the salmonid rhabdoviruses, IHNV (Dixon &
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Hill 1984) and VHSV (Way & Dixon 1988).Viruses could
be detected in cell culture before any cytopathic effect
and both assays were specific for their respective viruses. Results were obtained in under 2 h, but sensitivity
was still a problem (Table 2). A sensitivity of 1 or 0.2 ng
ml-l (Table 2) has been found for VHSV F, by using
MAbs against the G proteins (Mourton et al. 1990) or
for all serotypes of VHSV by using MAbs against the N
proteins (Fig. 3; Sanz & Coll 1992). The use of anti-Nprotein MAbs of high titre allowed the recognition of all
the serotypes of VHSV, whereas the use of high-ionicstrength buffers disrupting the nucleocapsids
increased the sensitivity about 100-fold (Sanz & Coll
1990, 1991, 1992). The use of 2 non-overlapping MAbs
has simplified the procedure to a l-step assay which
unexpectedly added a further 10-fold increase in the
sensitivity. The high sensitivity obtained correctly
detected infection of fingerling trout in the laboratory
(Fig. 3).
Despite high numbers of MAbs developed against
the G or the N proteins of IHNV (Ristow & Arnzen 1989,
1991),ELISA in its present state has low sensitivity for
detecting IHNV and is limited to type 2 IHNV (S.
Ristow pers. comm.). A different choice of new MAbs, a
known mixture of MAbs for the second Ab, higher-titre
MAbs, high-ionic-strength buffers and/or other MAbs
isotypes must b e used to obtain higher ELISA sensitivity. Furthermore, it is obvious that preparation of an
ELISA for all the IHNV types isolated in the United
States and Europe will take a lot more work.
The increase in sensitivity of solid-phase ELISA is
dependent, among other variables, on the amount of
Ab binding to the solid phase. This in turn is limited by
the fraction of specific Abs present in the Igs preparation and by the capacity of the well surface to bind.
Assuming a maximum adsorption to polyestyrene of 1.5

Table 2. Comparison of sensitivity of sandwich ELISA. Sensitivity was defined a s the minimal amount of virus that produced
double than the background absorbance. PV: Purified virus; CCS: cell culture supernatant; TE: tissue extract; P: polyclonal; M:
monoclonal; -: not determined

(WZwell-')

PV
(ng ml-')

CCS
(TCID50ml-l)

T E ~
(TCIDSOS - ' )

IPN

P, 0.5
P, 100.0
P, 1.0
M, 0.2

10
50
10

1o5
1o4
1o3
1o3

1o4
1o4
-

Dixon & Hi11 (1983)
Hattori et al. (1984)
Rodak e t al. (1988)
Dominguez et a1 (1990)

VHS

P, 100.0
M, 1.0
M, 1.0

-

1o5
1o5
lo3

io5
-

Way & Dixon (1988)
Mourton et al. (1990)
Sanz & Col1 (1991, 1992)

P, 100.0
P, 100.0

-

Virus

IHN

Aba

1
0.2

io5
106

lo3
1o6
1o6

* Each well was coated by 100 p1 by humid adsorption at 37 or 4 "C with the immunoglobulin fraction
For IHNV and VHSV, calculated from 5 x 106TCID,o g-' of tissue and 5-fold diluted extracts

Source

Dixon & Hill (1984)
Way & Dixon (1988)
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Control

infected

Fig. 3. Onchorynchus mykiss. Apparent VHSV concentrations
obtalned by ELISA in fingerling trout samples from control
and dead VHSV-lnfected fish. Apparent VHSV concentrations were calculated from standard curves made with
VHSV tested in cell culture by TCIDS0.Trout fingerlings (0.2
to 1 g fish-') were infected with VHSV (106TCIDSoml-l. 2 h,
9 "C). Mortality after 20 d was 77.6 %. Dead fish were
homogenized in 2 m1 of tissue culture me&a and assayed by
ELISA using 2 non-competitive anti-VHSV nucleoproteln
MAbs in high-ionic-strengh buffer to disrupt the viruses (from
Sanz & Col1 1992)
ng mm-' and 150 kDa for a n Ig molecule, the maximum
attainable concentration for a n antigen-affinitypurified MAb is about I O - ~ M (1pg well-'). For affinitypurified PAbs, immune sera or post-infection sera,
about 3, 10 or 100 times less specific Ab will be bound.
The use of MAbs and of new microtiter plates with
nitrocellulose bottoms may also help to increase sensitivity, since nitrocellulose binds about 50-fold more
protein than does polystyrene.
Table 3 shows a n example of some preliminary
results from diagnostic work in Spain using sandwich
ELISA based on MAbs to detect IPNV a n d VHSV
directly in fish tissue homogenates. These techniques
may be used in routine diagnoses to simplify and speed
up the assays.

Immunodot
Other techniques either require instruments or cornplicated manipulations, or have low sensivitity, or are
time-consuming (Hsu et al. 1989, Schultz et al. 1989).
Those reasons have been invoked in favour of the more
simple, speedy and sensitive immunodot technique for
detection of 20 ng ml-' or 105 TCID,o ml-' of IPNV

(Table 1). In the immunodot assay, the viral proteins
are bound to a solid-phase matrix (usually made of
nitrocellulose) of high binding capacity and therefore
high sensitivity, and are detected by their immunoenzymatic reactivity. The results can be interpreted by
visual inspection a s negative or positive (coloured).
Semiquantification could be achieved by reflectance
densitometry, since under 1000 ng ml-' the quantity of
the viral protein showed a linear relationship with the
optical density. However, because of the precipitable
substrates needed for immunodot, the final sensitivity
is of the same order of magnitude as for ELISA. An
advantage of immunodot over ELISA is that the results
in the immunodot can b e kept dried a s a record or for
later measurement (Hsu et al. 1989).
By using PAbs with neutralization titres of 3 X 106
(IPNV) or 500 (VHSV and IHNV), the immunodot assay
detected 0.85 n g of IPNV or 4 n g of VHSV and IHNV
(Tab!e l),which represented about 103 TCIDSO(McA1lister & Schill 1986). Heterologous reactions of the PAbs
were eliminated by adsorption with fetal calf serum
and extracts from the cells were used to amplify the
virus. Immunodot sensitivity could have been
increased by increasing sample volume, but when used
to detect virus in fish homogenates, the nitrocellulose
was clogged by their higher protein content (McAllister
& Schill 1986). Passage of the sample through cell
culture both amplifies the viruses and decreases their
protein content, therefore increasing sensitivity. Less
than 1 n g of IHNV protein was detected by radiolabelling of virus-specific proteins (Hsu & Leong 1985), but
the immunological detection offered advantages in
cost, accuracy, speed and, in the case of immunoenzymatic reagents, stability and ease of handling. Furthermore, the immunological methods also yielded information about the relatedness of different isolates. MAbs
have been developed and used in several investigations
(Caswell-Reno et al. 1989, Lilipun et al. 1989, Babin et al.
1991) for antigenic characterization and improved diagnosis of IPNV with the immunodot test. Schultz et al.
(1989) developed a n immunodot assay for detection of
IHNV by using MAbs that detected ~ O ' T C I D ~ ~Because
.
the immunodot detects binding Abs rather than neutralizing Abs, identification of the 3 serotypes of VHSV
was also made possible by using a unique antiserum to
one of them (McAllister & Owens 1987).
Finally, if asandwichdot could be developed, this technique could be used as a field test using plastic sticks.
TECHNIQUES FOR IDENTIFICATION OF VIRAL
GENOMES
Genomic divergence among IPNV (RNA genorne)
serotypes have been studied by c-DNA hybridization
(McDonald & Gower 1981), but there have been few
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Table 3. Examples of results from diagnostic work using sandwich ELISA (authors unpubl.). Fingerling fish viscera or adult fish
kidney were pooled in groups of 5 to 10 fish, homogenized at 10 % w/v and assayed by cell culture techniques as described in
Jimenez et al. (1988) and Basurco & Coll (1989).Cell culture results were read after 2 consecutive passes in EPC and/or RTG-2 fish
cell lines, 7 d per pass. The ELISA was performed directly in the homogenate as described for the l-step method (Sanz & Coll
1991a, b). The ELISA of IPNV performed in the supernatant from the first cell culture pass gave the same results. SVC: Spring
viraemia of carp
Species

Onchorynchus myluss
Onchorynchus mykiss
Onchorynchus myluss
Onchorynchus mykiss
Onchorynchus mykiss
Onchorynchus myluss
Onchorynch us myluss
Onchorynch us mykiss
Onchorynchus myluss
Onchorynchus mykiss
Onchorynchus mykiss
Onchorynchus mykiss
Salmo salar
Salmo salar
Barbus graellsi
Barbus graellsi
Sparas auratus
Sparas auratus
Sparas auratus
Cyprinus carpus

Fish weight
(9)

Mortality

Arrival
in laboratory

Cell
culture

(1-3)
(1-3)
(1-3)
(1-3)
(1-3)
(50-100)
(50-100)
(50-100)
(50-100)
(50-100)
(50-100)
(50-100)
(100-200)
(100-200)
(50-100)
(50-100)
(3-1 0)
(3-10)
(3-10)
(500-1000)

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
Yes
Yes
No
No
No
Yes

Alive
Alive
Alive
Refrigerated
Alive
Alive
Alive
Refrigerated
Refrigerated
Frozen
Refrigerated
Alive
Frozen
Frozen
Refngerated
Refngerated
Alive
Alive
Alive
Refrigerated

+
+
+

+

-

-

reports to date on the use of DNA probes to detect
salmonid viral genomes (Winton 1991). Plasmids containing IPNV (Duncan et al. 1987), IHNV (Gilmore &
Leong 1988) and VHSV (Bernard et al. 1990) viral
sequences have been already constructed. Because the
DNA hybridization procedures are not significantly
more sensitive than ELISA (Enzmann et al. 1981) the
practical use of these techniques will probably be
linked to the development of prior genome amplification by the PCR technique (Sobrino et al. 1989). The
partial sequences of the genomes of IPNV, VHSV and
IHNV have been reported and can be used to select the
appropriate specific primers for the amplification by
using computer programs (Lowe et al. 1990).The selective amplification of viral genomes by the use of
appropriate sequence-specific primers, and both the
non-radioactive detection methods and automated
hybridization, will probably solve the problems of sensitivity and of processing large numbers of samples,
respectively, in detecting virus from carrier-salmonids
and/or from eggs (Coll 1991b).
A biotinylated DNA probe for rapid detection of
IHNV has been designed to detect the N messenger
RNA of IHNV. A 30-nucleotide target site for the probe
was chosen by computer search of the published sequence of the N gene of IHNV. A synthetic nucleotide
complementary to this sequence was obtained, coupled
to biotin and detected with streptavidin-peroxidase

ELISA
IPN
VHS

t
t

+

-

+

+

+
-

-

-

+

-

-

Diagnosis

IPNV
IPNV
IPNV
Streptococcus
Unidentified
VHSV
VHSV
Water quality
Streptococcus
Healthy
Healthy
Healthy
Healthy
Healthy
Water quality
Water quality
Healthy
Healthy
Healthy
SVC

conjugate. All IHNV electropherotypes were detected,
but no other rhabdovirus. The probe could detect infection of cell cultures after 24 h but was not tested in fish
tissues (Winton 1991). Arakawa et al. (1990) used PCR
to amplify a portion of the N gene of IHNV. The
primers spanned a 252 nucleotide sequence to be used
with the biotinilated probe described above. The PCR
was able to amplify RNA extracted from IHNV-infected
trout to levels that were easily detected with the
biotinilated probe. Primers to amplify segments of
sequences of IHNV (522 bp), VHSV (408 bp) and IPNV
(339 bp) have also been used to detect viruses in cell
culture and to differentiate them by the molecular
weight of the amplified segment after agarose electrophoresis of the amplified sample (McAllister, Schill,
Owens & Hodge pers. comm.).
A different approach uses the incorporation of a
biotin-nucleotide during PCR amplification of a segment of VHSV defined by 2 primers in the M, protein
(Estepa & Coll unpubl.). The amplified product is hybridized to a plasmid probe immobilized on solid-phase
microtitre 96-well plates (HYBRELISA). The application of the highly stable reagents previously developed
and optimized for ELISA (e.g. a 2 yr stable dilution
buffer at room temperature), addition of merthiolate to
the hybridization buffer to increase their stability, addition of formamide to decrease the hybridization temperature, addition of phenol red to allow visualization
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of the pipetted wells and to monitor the pH, the possibility of using microtitre plates divided in rows that
adapt the number of assays to the daily variable
number of samples, and low-background substrate
buffer make this hybridization technique easily scalable, highly reproducible, and available for diagnostic
testing of a large number of samples (Coll 1991b). The
routine application of this method in the laboratory is
still under development.

TECHNIQUES FOR MEASUREMENT OF
SALMONID RESPONSES
Measurement of salmonid antibody responses
Total serum levels of tetrameric Igs from adult rainbow trout surviving IPNV infection were 5- to 10-fold
higher than those from adult rainbow trout from IPNVfree fain;^ (Sdnchez & Coll 1989, Sanchez et al. 1989).
Titres of neutralizing Abs to IPNV were measured in
serum from rainbow trout reared in IPNV-free environments (titres of 80 to 4000) a s well as from trout exposed
to IPNV (titres of 300 to 3000). In artificially immunized
trout, the neutralizing Ab titre increased from 400 to
2800 after the virus injections (Vestergaard-Jargensen
1973). However, from the data menboned above we
can conclude that it will b e very difficult to find a
diagnostic value for trout anti-viral Abs.
Trout serum with complement activity (Dorson &
Torchy 1979, Dorson et al. 1979) should be used for
detection of neutralizing Abs to VHSV (Olesen & Vestergaard-Jsrgensen 1986).Maximal titres of neutralization of 10 000 were found weeks after infection, with
about 40 % of the surviving trout still showing titres of
160 one year after infection. Results from a survey of sera
collected in farms with previous histories of VHS showed
25 % of the trout having titres > 160 (ranging from 20 to
1500) (Olesen & Vestergaard-Jsrgensen 1986).
In the USA, mortality d u e to IHN ranges from 20 to
30 % of the fry raised. Mortality during epizootic events
can exceed 90 % of the infected fish (Shors & Winston
1989). During the test of eggs from spawning females,
neutralizing Abs for IHNV have been identified by
immunoblotting and neutralization (Shors & Winston
1989). This raises the possibility of salmonid parental
passive immunity of the offspring to viruses. Parental
passive immunity will explain why fish will be healthy
until fingerling stage and then when immunity decays
the fish will be struck by a n epizootic, but that could
not be the explanation in the case where IPNV and/or
other viruses were isolated from the eggs of trout (Fijan
& Giorgetti 1978). More experimental evidence is
needed before conclusions can be drawn from these
few reports.
Indirect ELISA has also been used to detect salmonid

Ab responses to viral infection, but, whereas detection
of mouse or rabbit Abs against VHSV required only 2 to
5 ng of viral protein well-', detection of trout Abs
required at least 200 to 500 ng well-' (Cossarini-Dunier
1985). Trout Igs have both a low affinity towards the
virus and a high affinity to plastic surfaces, therefore
increasing the background of ELISA and giving rise to
false positives. To define the cut-off between true
negatives and positives, large numbers of fish with no
previous history of viral infections should b e used.
Recently, to circumvent the problems mentioned
above, a VHSV capture ELISA has been described
to measure VHSV-specific trout Ig. At least in this
case, the ELISA proved to be more sensitive, and it is
always less time- and material-consuming than either
immunofluorescence or neutralization. Antibody to
VHSV was found in 5 4 % of fish from previously
infected trout farms (Olesen et al. 1991).
Other alternative ways to measure anti-VHSV trout
Abs, like trout Ig capture with MAbs, should be studied
further (Sanchez et al. 1990,1991,Thuvander et al. 1990).
Measurement of salmonid cellular responses
Invesbgations of salmonid cellular responses to viral
infections are scarce. Lymphocyte stimulation was
shown in trout surviving the VHSV disease (Chilmonczyk 1977, 1978, Estepa et al. 1991a), and IPNV
canier lymphocytes have been demonstrated by
immunofluorescence (Enzmann 1981) and flow
cytometry (Saint-Jean et al. 1991), even though the
corresponding circulating Abs were only detected in
low levels (Vestergaard-Jerrgensen 1971). Lymphocyte
virus carriers could possibly b e detected by cytofluorometry, but to date this technique has been applied only
to study healthy fish lymphocytes (Deluca et al. 1983,
Evans et al. 1987).The effect of in vitro VHSV infection
of salmonid lymphocytes as well a s the responses of the
lymphocytes isolated from carrier salmonids to inactivated viruses and to purified VHSV proteins are presently being studied (Estepa & Coll 1991, 1992, Estepa
et al. 1991b). Leucocytes from trout kldney surviving
the VHS disease were capable of proliferation (as
measured by thymidine incorporation and the fibrinclot technique) only when purified proteins N or G
from VHSV were added to their in vitro cultures. The
response lasted for at least 1 yr (Estepa et al. 1991a).
Whether this method could be applied to detect carriers
as a routine diagnostic procedure remains to be seen.
CONCLUSIONS
Most viral diagnoses continue to be obtained through
isolation of virus in monolayers of fish cells, followed by
neutralization of the virus with PAbs. Unfortunately,
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Table 4. Comparison among different techniques of possible usefulness in diagnosing viral diseases of salmonids. Sensitivity classified a s high (1virus);medium (103to 104viruses) andlow ( 2 104viruses). Speed classified a s fast (hours),rapid (days)and slow (weeks).
Specificity classified a s high (low percentage of false positives) and medium (high percentage of false positives). 'Field' indicates the
possibility of using the assay in the field, thus affecting the simplicity of the technique. The possibility of automation allowsprocessing
of a large number of samples. CC indicates that cell cultures are required, a n additional technical difficulty for the assay
Technique
Sensitivity

Speed

Characteristics
Specificity
Field

Automation

CC

Virus
Neutralization
Immunofluorescence
Agglutination
Immunodot
ELISA (MAbs)
PCR

High
Medium
Lo W
Medium
Medium
High

Low
Fast
Fast
Fast
Fast
Rapid

High
Medium
Medium
Hlgh
Hlgh
High

No
No
Yes
No
Yes
No

No
No
No
No
Yes
Yes

Yes
Yes
Yes
Yes
No
No

Host responses
Antibodies ELISA
Lymphocytes

Medium
High

Fast
Slow

Medium
High

Yes
No

Yes
No

No
Yes

thisis also the most time-consuming technique (Table 4).
Immunofluorescence has provided a rapid yet specific
alternative: however, it is less sensitive and therefore
valid only during the acute phase of infection. Other
techniques such as immunoperoxidase, electron microscopy (Zwillenberg et al. 1965, Cohen & Lenoir 1974,
Olberding & Frost 1975, Arnlacher et al. 1980), counter
immunoelectrophoresis (Dear & Elazhary 1983),complement fixation (Finlay & Hill 1975), agglutination and
radioimmunoassay, have not gained wide acceptance.
The detection of virus in tissue homogenates by
sandwich ELISA with MAbs is a n alternative technique
growing in importance, although again limited to the
acute phase of infection. The immunodot technique is a
rapid, sensitive a n d quantitative method for diagnosis of
virus, but in contrast to ELISA it can only b e used in
infected tissue culture lysates. ELISA is preferable for
rapid testing of a large number of samples from disease
outbreaks (Table 3) or as a screening method in older fish
if its sensitivity can be increased (Coll 1989). Ideally, a
panel of different ELISA systems (IPNV, VHSV and
IHNV) could be used to provide both rapid detection and
identification during disease.
To be able to screen salmonid virus-carriers, however,
highly sensitive methods are still in development. These
include accurate measurement of specific salmonid antiviral Igs by ELISA, estimation of cell memory by in vitro
CO-cultureof salmonid lymphocytes with isolated viral
proteins, and amplification and detection of viral
genomes by the PCR technique and HYBRELISA,
respectively.
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