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ABSTRACT. Eleven European National Reference Laboratories participated in an inter-laboratory 
comparison of the susceptibility of 5 selected cell lines to 3 fish pathogenic viruses. The test included 
viral hemorrhagic septicaemia virus (VHSV), infectious hematopoietic necrosis virus (IHNV) and infec- 
tious pancreatic necrosis virus (IPNV), and the cell llnes derived from bluegill fry (BF-2), chinook 
salmon embryo (CHSE-214), epithelioma papulosum cyprin~ (EPC), fathead minnow (FHh4) and rain- 
bow trout gonad (RTG-2) The results showed that for isolation of VHSV, BF-2 and RTG-2 cells per- 
formed equally well and had higher sensitivity compared to the other cell lines. For 1HNV. EPC and 
FHM cells gave the best results, and for IPNV it was BF-2 and CHSE-214 cells. FHM cells showed the 
largest variability among laboratories, whereas EPC was the cell line showing the smallest variability. 
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INTRODUCTION 

Vrral hemorrhagic septrcaemia (VHS) and infectious 
hernatopoietic necrosis (IHN) are both widespread dis- 
eases in Europe causing senous losses in reared rain- 
bow trout Oncorhynchus mykiss. In North America, 
VHSV has been demonstrated in marine fish species 
collected along the northern Pacific coast, and IHNV 
occurs endemically among rainbow trout cultured in 
some areas of Idaho, USA, and among anadromous 
salmonid stocks inhabiting rivers of the Pacific coast. 
Both diseases are caused by viruses belonging to a 
newly approved genus, Novirhabdovirus (Gael Kurath, 
Western Fisheries Research Center, pers, comm.), 
within the Rhabdoviridae. In many European coun- 
tries, survey programmes for VHS and IHN have been 
established, and some of these include a formal con- 
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tract with the EU Commission. In several areas within 
the EU, VHS- and/or IHN-free zones have been 
approved after 4 or more yr of surveillance. The effec- 
tiveness of a survey relies considerably upon the train- 
ing of the veterinary inspectors, who must observe fish 
for clinical signs, as well as upon the sensitivity and 
precision of the diagnostic procedures applied in the 
laboratories. The guidelines for the frequency of clini- 
cal inspections, collection of samples and performance 
of virological examinations in the laboratory needed to 
establish an  approved survey program were first laid 
down in the Commission Decision 92/532/EEC (1992) 
and recently amended by 96/240/EC (1996). Accord- 
ing to these Commission Decisions, isolation of virus 
by cultivation is necessary in order to determine that 
fish are infected by VHSV or IHNV. However, a num- 
ber of cell lines are commonly used for isolation of both 
viruses, i.e. BF-2 (fibroblast cell line from caudal trunk 
of bluegill Lepomis macrochlrus fry; Wolf et al. 1966), 
RTG-2 (fibroblast cell line from rainbow trout gonad; 
Wolf & Quimby 1962), CHSE-214 (epitheloid cell 
line from chinook salmon Oncorhynchus tshawytscha 
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embryo; Fryer et  al. 1965), FHM (epitheloid cell line 
from fathead minnow Pimephales promelas; Gravel1 & 

Malsberger 1965) and EPC (epitheloid cell line from 
epithelia] papuloma of common carp, i.e. Cyprinus car- 
pio; Fijan et al. 1983, Wolf 1988, Olesen & Jorgensen 
1992). 

Only 1 or 2 passages on a given cell line are thought 
to be enough to alter the infectivity of a certain virus 
for other cell lines (experience from authors' labora- 
tory). The relative sensitivity of various cell lines for 
virus isolation therefore is still disputed and no ade- 
quate comparative study including naturally infected 
material for primary isolation has yet been undertaken 
to the authors' knowledge. According to Commission 
Decision 92/532/EEC(1992), the BF-2 and either the 
EPC or FHM cell lines should be used for isolation of 
VHSV or IHNV. However, during a workshop held at 
the Danish Veterinary Laboratory (DVL) in Arhus, 
Denmark, in November 1994 for all EU National Refer- 
ence Laboratories, it was intensively discussed which 
cell lines were the most appropriate for isolation of 
VHSV and IHNV, and, if sensitivity of certain fish cell 
lines differed among laboratories. 

In order to clarify these questions, an inter-labora- 
tory comparative test was initiated in 1995 by the EU 
Reference Laboratory that included 11 European labo- 
ratories. Tissue material from rainbow trout Onco- 
rhynchus mykiss naturally infected by either VHSV, 
IHNV or infectious pancreatic necrosis virus (IPNV) 
was titrated on BF-2, CHSE-214, EPC, FHM and 
RTG-2 cells. IPNV was included because the virus is 
widespread and several countries have established 
survey programs for IPN. The results indicated that the 
BF-2 and RTG-2 were the most sensitive cell lines for 
isolation of VHSV, EPC and FHM for IHNV, and BF-2 
and CHSE-214 for IPNV. 

MATERIALS AND METHODS 

Tissue material. Tissue pools of kidney and spleen 
specimens from rainbow trout naturally infected by 
VHSV (serogroup 111. Olesen et al. 1993) or IPNV 
(serotype Sp) were collected from farms in Denmark 
that had recently had an outbreak of VHS or IPN, 
respectively. All sampled fish had clinical signs of dis- 
ease. Material from fish infected under experimental 
conditions (immersion) with a Danish reference strain 
of VHSV (3592B, serogroup 1) was also included. Like- 
wise, specimens from rainbow trout reared at an 
approved VHS-, IHN- and IPN-free fish farm were 
used as negative controls. The tissue material was pro- 
cessed according to standard procedures following 
92/532/EEC (1992) guidelines. Briefly, the tissue spec- 
m e n s  were homogenized using mortars, pestles and 

sterile quartz sand and diluted 1:10 in cell culture 
medium (Eagle's MEM [EMEM] supplemented with 
10% foetal bovine serum [FBS], Tris buffer and anti- 
biotics). Following centrifugation at 2500 X g for 15 min 
at 4OC the supernatant was collected, filter sterilized 
through 0.45 pm membrane filters and transferred to 
glass vials (0.5 m1 vial-' for ampoules A, B, C and F and 
1.0 m1 for ampoule D). The vials were frozen at -80°C 
until lyophilization. Each batch of virus-infected mate- 
rial was lyophilized separately to avoid cross-contami- 
nation. Following lyophilization, the vials were stored 
at  4°C until dispatch. Because Denmark is a zone 
approved free from IHN, Dr G .  Bovo, Istituto Zooprofi- 
lattico Sperimentale della Venezie (IZPV), Padova, 
Italy, was asked to collect, and by similar methods 
prepare, tissue material from rainbow trout naturally 
infected with IHN virus. To assess the amount of virus 
in each batch and to make sure that the tissue material 
contained the expected virus, and only that virus, rep- 
resentative vials were titrated and if cytopathic effect 
(CPE) was observed, the virus was identified serologi- 
cally by means of indirect fluorescence antibody test 
(IFAT). 

The lyophilized material was sent on ice to the 11 
laboratories (including DVL) participating in the test. 
Each laboratory received 10 ampoules, comprising 
duplicates of the 5 different samples of tissue material 
coded as follows: virus A (tissue material without 
virus), virus B (VHSV serogroup I ) ,  virus C (IPNV), 
virus D (IHNV), and virus F (VHSV serogroup 111). For 
the remaining part of the present paper the names of 
the viruses will be used instead of the codes. 

Titration procedure. The laboratories were asked to 
titrate the material from all 10 vials on 5 cell lines 
within 3 mo after receipt. The following cell lines were 
included: BF-2, RTG-2, CHSE-214, FHM and EPC. To 
ensure that the titrations were performed in a compa- 
rable manner, detailed illustrations and guidelines as 
briefly outlined below were enclosed: the lyophilized 
material of the vials was to be resuspended in 2 m1 cell 
culture medium containing 10% FBS, Tris buffer, and 
antibiotics. The virus suspension was filter-sterilized 
by passage through a 0.45 pm membrane filter, the 
filtrate transferred to 96-well dilution plates (micro- 
titration plates with round bottoms), and 8 successive 
10-fold dilution steps performed, starting with the 
diluted ampoule material (corresponding to a 1:20 and 
1:40 dilution of the original tissue material in ampoules 
with 1 m1 and 0.5 m1 tissue homogenate, respectively). 
The dilutions were performed by use of a multichannel 
pipette and with change of tips between each dilution 
step. Filtrates from a set of 5 ampoules could, in this 
way, be diluted on a single plate. Suc replicates of each 
virus dilution were to be inoculated in parallel onto all 
5 cell lines using 15 p1 well-'. Cell cultures were to be 



Lorenzen et al.: Susceptibil~ty of cell lines to three viruses 83 

grown in 96-well microtiter plates with each well 
containing 150 p1 cell culture medium. The cell cul- 
tures, not more than 24 h old at the time of inoculation, 
were to be incubated at 15°C and examined daily for 
CPE by microscopy. The final reading was performed 
following 7 d of incubation and the results noted on a 
diagram enclosed and submitted to DVL. Here the 
titers were calculated as tissue culture infective dose 
50% (TCIDSo) ml-' tissue homogenate diluted x40 or 
x20 (i.e. the tissue material was firstly diluted 1:10 
before lyophilization, and secondly diluted 1:4 or 1:2 
following lyophilization) according to Rovozzo & Burke 
(1973). In the present context the 'titer' is thus used as 
a measure of the relative sensitivity of a certain cell 
line to a certain virus and not as a measure of the 
ability of the cell line to produce virus. The participat- 
ing laboratories were also asked to give some details 
(i.e. passage number, origin, medium etc.) of the cell 
lines used. 

Identification. When a virus was detected, it was 
identified at  each laboratory using IFAT, enzyme 
linked immunosorbent assay (ELISA) or neutralization 
test according to 92/532/EEC (1992). 

Statistical analysis. All analyses of data were per- 
formed on log-transformed values of the titers. The 
results from the control tissue material without virus 
were not included in the analyses. The median value 
and the range (lowest and highest titer) for each com- 
bination of virus and cell line were calculated from the 
data submitted by all laboratories. 

For each combination of virus and cell line, we com- 
puted the repeatability and reproducibility according 
to the IS0 5725 standard (1997). Briefly, these are 95 % 
prediction intervals for differences between measure- 
ments from the same laboratory (repeatability) and 
between measurements from different laboratories 
(reproducibility). These can (assuming normally dis- 
tributed errors) be transformed to probabilities of find- 
ing a difference in titer less than 1 loglo, which has 
been used as a standard criterion for biologically 
insignificant differences between titers (Rovozzo & 
Burke 1973, McAllister 1997). It should be noted that 
the replicates in the present study were not true repli- 
cates (i.e. 2 replicate measurements of the same 
ampoule in the same laboratory), but were titrations of 
the material of duplicate ampoules in the same labora- 
tory. Therefore the estimated repeatabilities may be on 
the high side. 

A combined analysis of the whole data set was done 
using a linear mixed model (random effects model) 
with fixed effects of laboratory and virus X cell line and 
random interaction effects between laboratory and 
virus and between laboratory and cell line: 

with v representing virus, c cell line, 1 laboratory, and 
g replicate. The Greek letters refer to fixed effects, the 
Latin to random effects. From this model, we derived 
estimates of pairwise laboratory differences, and pair- 
wise differences between virus effects within each cell 
line and vice versa. 

Further, the model was used to assess whether the 
cell lines had the same variability among the laborato- 
ries by plotting the predicted values of bcl against the 
cell line, the so-called BLUPs (Best Linear Unbiased 
Predictors). The values bc, represented the values of 
the laboratory X cell line effect, which determined the 
portion of the variation between laboratories that was 
specific to the cell line. The size of these values indi- 
cated whether any one cell line had larger between- 
laboratory variability than others. 

In order to display the total variability between labo- 
ratories for all cell lines, we computed the average pre- 
dicted response (BLUP) for each combination of labo- 
ratory and cell line, averaged over all viruses tested: 

These quantities gave the predicted laboratory differ- 
ences for each cell line (i.e. the total laboratory X cell 
line interaction). For further details on the statistical 
analyses, the reader is referred to Littell et  al. (1996). 

RESULTS 

All participating laboratories performed the test 
within the time schedule, and all laboratories except 
2 identified the virus in each ampoule correctly. Two 
laboratories reported more than 1 virus (VHSV and 
IHNV) in some ampoules or reported viruses present 
in negative control material (data not shown). HOW 
ever, s u b s e q ~ e n t  examination of the remaining 
ampoules at DVL confirmed that the samples had not 
been cross-contaminated before they were forwarded 
to the participating laboratories. A preliminary analy- 
sis of the data is presented in Table 1 as the median 
and range of the titers (loglo of the titers). It can be 
seen from the table that in a few laboratories, certain 
viruses could not be detected on some cell lines as 
demonstrated by the fact that the lower range num- 
ber is 0.00, as for VHSV-I on FHM and CHSE-214 
cells, IPNV on EPC, RTG-2 and FHM cells, IHNV on 
FHM cells and VHSV-I11 on CHSE-214-cells. One 
laboratory had problems with FHM cells and could 
therefore not report any results for this cell line, 
which was accounted for in the data analysis. Most 
laboratories used EMEM supplemented with 10% 
FBS, 3 used the Glasgow modification of MEM 
(GMEM) and 1 laboratory used Leibowits (L15), only 
for the RTG-2 cells. 
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Table 1 Median, minimum (min) and maximum (max) titration values (log,o hereof) including results from all 11 laboratories 

Cell line . Virus -- 
IHNV VHSV-I VHSV-111 IPNV 

Median Min. max  median Min, max Median Min, max Median Mm, max 
P- - 
BF-2 3.66 2.32, 6 26 4 1 6  2.16,6.32 5.74 3.49, 7.32 5.24 1.66, 6.32 
RTG-2 4.07 2.66, 6.49 3.82 2.32, 5 66 5 74 4.32, 7.16 3.55 0 00, 5 82 
CHSE-214 3.49 2.16,6.16 3.57 0.00, 6 32 4 24 0.00, 7.16 5 40 2.32, 7 99 
FHM 4.91 0.00, 7-16 3.40 0.00, 6.16 4.32 1.48, 7.66 290  000,5.49 
EPC 5-16 3.49, 6.16 2.66 2.16, 4.32 4.15 2.32, 6.16 3.32 0.00, 6.16 

Repeatability and reproducibility 

In Table 2, the repeatabilities (r) and reproducibilities 
(R) are shown together with the probabilities of a non- 
significant difference, calculated for each virus X cell 
line. The within laboratory variation (r) was generally 
small, with probabilities (X) of identical samples giving 
non-significantly different results (i.e. differences less 
than 1 log,,) very close to 1. The picture is somewhat 
more variable for the data describing between lab- 
oratory variation (R), where the probability for non- 
significant differences was highest for EPC and RTG-2 
cell lines, and lowest for the FHM cell line. For all cell 
lines, the probability for a non-significant difference 
between laboratories was remarkably low for IPNV. 

Virus x cell line interaction 

The effect of the interaction between virus and cell 
line is presented by virus and by cell line in Fig. 1. The 
absolute value of the scale is arbitrary, because only 
the relative size of the interaction is relevant. The 
scale is loglo (maximal titration) so a doubling of the 
response corresponds to a difference of log(2) = 0.3010 
in this scale. The boxes illustrate the non-significant 
differences, and accordingly for a given virus, the cell 
lines within the same box were equally sensitive for 
detection of that particular vi.rus, whereas cell lines not 
in the same box had significantly different sensitivity, 
using a significance level of 0.05. Thus for the VHS 
viruses I and 111, BF-2 and RTG-2 cells were equally 
sensitive, whereas FHM and EPC cells b.ad signifi- 
cantly lower sensitivities and CHSE-214 cells had a 
lower sensitivity to serogroup 111 and an intermediate 
sensitivity to serogroup I. For IHNV, EPC cells gave 
higher titers than all the other 4 cell lines, with FHM 
cells being not significantly lower, whereas RTG-2 
cells were significantly less sensitive, and BF-2 and 
CHSE-214 the least sensitive. For IPNV, CHSE-214 
and BF-2 were significantly more sensitive than RTG-2 
and EPC cells, and FHM cells gave the lowest titer. 

Laboratory effect 

The systematic effect of the laboratory on the 
performance of the cell line independent of the virus is 
presented in Fig. 2. Both the pure random laboratory X 

cell line interaction (Fig. 2a) as well as this effect com- 
bined with the fixed laboratory effect (Fig. 2b) is pre- 
sented. From the display of the pure laboratory X cell 
line interaction it is clear that there is no systematic 
pattern, e.g. certain laboratories scoring unusually 
high on particular cell lines. When the laboratory 
effect is included, the differences between laboratories 
clearly show up, dividing the laboratories in 2 almost 
disjoint groups, leaving the response pattern for each 
laboratory almost unchanged. This shows that the lab- 
oratory effects in general affect all cell lines. The figure 
reflects the homogeneity of variability of each of the 

Table 2. Repeatability (r) and reproducibility (R) according to 
IS0 5725 (1997) and probablllties that 2 measurements are 
within 1 Ioglo(t~ter) of each other within ( K )  respectively be- 
tween (11) laboratories, for all combinations of virus and cell line 

Virus CelI line r R X I1 

IHNV BF-2 1 7 9  2.41 0.887 0 759 
CHSE-214 2.57 2.87 0.729 0.676; 
EPC 1.83 1.84 0.879 0.876 
FHM 2.22 4.93 0.798 0.434 
RTG-2 2.04 2.24 0.835 0.794 

IPNV BF-2 0.75 4.28 1 000 0.491 
CHSE-214 1.03 4.50 0.994 0.470 
EPC 1.17 4.54 0.984 0.467 
FHM 1.33 5.97 0.966 0.364 
RTG-2 1.28 5.33 0 973 0.404 

VHSV-I BF-2 1.82 2.64 0 880 0.717 
CHSE-214 1.65 4.26 0.913 0.494 
EPC 1.32 2 01 0.967 0.840 
FHM 2.03 4.99 0.837 0.429 
RTG-2 1.77 2.97 0.889 0 660 

VHSV-I11 BF-2 1 74 3.09 0.895 0.640 
CHSE-214 1.48 5.80 0 944 0.374 
EPC 1.11 2.96 0.989 0.660 
FHM 1.12 4.75 0.988 0.448 
RTG-2 1 13 2.48 0.988 0.746 
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DISCUSSION 

Fig. 1. Interactions of virus and cell line. The scale IHNV VHSV-Ill VHSV-I IPNV 
is loglo(titer), so a difference on this of 0.3010 = 

The results demonstrated that for isolation 
of virus from tissue material, BF-2 or RTG-2 
cells should be the cell lines of choice for 
VHSV, while EPC or FHM cells should be 
used for IHNV, and CHSE-214 or BF-2 for 
IPNV. These findings led to a decision to ex- 
tend the Commission Decision 92/532/EEC 

loglo(2) corresponds to a doubling of the titer. Inter- O ' 

actions are plotted by (a) virus, and by (h) cell line. 
Estimates that are not significantly different at the 

5 % level are boxed together I - 

-2 

IHNV 

IPNV 
VHSV-I 

EPC CHSE-214 

FHM BF-2 

RTG-2 

EPC RTG-2 BF-2 CHSE-214 FHM 

I 
l 

5 cell lines among the 11 laboratories. It -3 

appears, however, that the EPC and RTG-2 I 

cells did not differ significantly among the . a 
laboratories, whereas BF-2 and CHSE-214 
varied more, and FHM cells showed the RTG-2 BF-2 CHSE-214 FHM EPC 
largest variability. 

O 1 VHSV-l'l ----- 

-2 l a 
Random L i C efleci only 

€PC RTG-2 BF-2 CHSE-214 FHM 

1 

(1992), allowing examination of fish tissue mat- 
erial for the presence of VHSV and IHNV on 
either BF-2 or RTG-2 cells and either EPC or 
FHM cells, which are  the terms of the amended 
Commission Decision 96/240/EC (1996). Be- 
cause RTG-2 cells showed less variation among 
laboratories compared to BF-2 cells and  turned 
out to be equally fit for cultivation of VHSV, the 
matter of dispute of the EU-workshop in 1994, 
where doubt was raised about the suitability of 
RTG-2 cells compared to BF-2, was resolved. 
The possibility cannot be excluded that use of 
other techniques, media, buffers, etc., may give 
different results. However, this is another study. 
In the present study no apparent tendencies for 
laboratories using GMEM were observed com- 
pared to the ones using EMEM. 

Fig. 2.  Laboratory effects from the random effects 
model (Eq. 1). (a) Best Linear Unbiased Predictors 
(BLUPs) of the pure laboratory by cell llne inter- 
actions (b,,). (b) BLUPs of the total predicted labora- 
tory effects averaged over viruses (Eq. 2 )  (Data points 
from the same laboratory are connected. Points from 
different laboratories are slightly horizontally offset 

to Improve readability.) L: laboratory; C: cell l ~ n e  
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Generally, it was demonstrated that all cell lines 
except for FHM behaved in a comparable manner 
between the participating laboratories. However, FHM 
came out as the second choice after EPC cells for 
detection of IHNV (on line with RTG-2 cells), and  
therefore there was no need for changing the Com- 
mission Decision on that point. For isolation of IHNV, 
others have reported that FHM cells were more sen- 
sitive than RTG-2 (Amend et  al. 1969), which justifies 
its position a s  a n  alternative to EPC. In a study by 
Fendrick et  al. (1982), EPC and  FHM cell lines were 
also found to be superior to CHSE-214 and RTG-2 as 
regards isolation of IHNV from infected tissue mat- 
erial. However, Yoshinaka et al. (1997) reported that 
the RTG-2 cell line was less susceptible to toxic sub- 
stances in ovarian fluid compared to FHM and  EPC 
cells, and that it was equally sensitive to IHNV. The 
large variability in virus sensitivity of the FHM cells 
among the laboratories reflected in Fig. 2 is also seen 
in Table 1, where a t  least 1 laboratory did not observe 
any CPE for 3 of the viruses on FHM cells. In addition, 
1 laboratory was not able to make FHM cells grow in 
a satisfactory manner and therefore could not report 
any data for that cell line at all. FHM cells have been 
described in the literature as being difficult to handle 
a s  they may have a tendency to slough from the grow- 
ing surface (Kelly et al. 1978). Among the laboratories 
that were able to grow FHM cells, however, IHNV 
generally gave high titers. FHM cells were also shown 
to be superior to CHSE-214 and RTG-2 cells when 
inoculated with IHN-virus harvested from RTG-2 cells 
in the study by Kelly et al. (1978). 

Other reported studies on the relative susceptibility 
of fish cell lines to VHSV, IHNV and IPNV confirmed 
the present results. Using cell culture grown virus, 
CHSE-214 were highly sensitive to IPNV (Lannan e t  al. 
1984, Yoshimizu et  al. 1988) and for IHNV, EPC cells 
gave good response (Yoshimizu et  al. 1988, Batts & 
Winton 1989). Using tissue material, Kelly et al. (1978) 
found that RTG-2 cells were more sensitive to IPNV 
than FHM cells. 

According to Table 1,  all viruses could be detected 
on all of the 5 cell lines. The material for the present 
trial consisted of organ samples from fish with clinical 
signs of the respective virus infections and thus rela- 
tively high titers would be  expected. However, Com- 
mission Decision 96/240/EC (1996) does not only deal 
with isolation of virus from fish with overt infections, 
but also with survey programmes, where most of the 
sampled fish are not infected or covertly infected. The 
present trial does not tell anything about which cell 
lines a re  most appropriate for demonstration of carriers 
of VHSV, IHNV and IPNV, but it may be reasonable to 
assume that the cell lines giving the best results in the 
present study would also be the most sensitive when 

dealing with material having a low concentration of 
virus. This was demonstrated in a previous study by 
Olesen & Jerrgensen (1992) where BF-2 cells were 
shown to be superior to EPC and CHSE-214 cells for 
isolation of VHSV from clinically infected fish as in the 
present study, but also from fish without disease signs. 

It has been found that at  least some fish cell lines 
may lose susceptibility to certain viruses over time, and 
consequently it is necessary to determine their sensi- 
tivity to the relevant viruses at regular intervals (Wolf 
1988), according to the recommendations outlined 
in 96/240/EC (1996). Therefore, the present results 
should not be regarded as the final word in this case, as 
some of the cell lines, i.e. the FHM cells, which showed 
large variability among laboratories, may have become 
more or less refractory to 1 or more viruses in some 
of the participating laboratories. For these reasons it is 
recommended to use a low passage number of cell 
lines, either by keeping frozen stocks or by receiving 
cell cultures from other laboratories from time to time. 
In addition to sensitivity check, cell lines should also be 
examined regularly for mycoplasma infection (Wolf 
1988), which can influence the sensitivity to virus. 
Development of cell lines with different characteristics 
as regards virus sensitivity due  to different culture 
conditions and high passage number etc. in different 
laboratories was also demonstrated by Batts et  al. 
(1991) for EPC and CHSE-214 cells. They found that the 
titer of VHSV virus differed more than 100-fold (corre- 
sponding to 2 on the 10g,~-scale used in the presen.t 
study) comparing titers on CHSE-214 cells from 4 dif- 
ferent laboratories, whereas the difference for IHNV 
was less than 10-fold. For EPC cells the difference was 
less than 10-fold for VHSV as well as IHNV. This 
finding of a higher degree of homogeneity of EPC cells 
is in accordance with the present results. Titers of 
VHSV and IHNV also differed significantly among 12 
lineages of CHSE-214 cells compared by McAllister 
(1997), which is in good agreement with the present 
results where the CHSE-214 cell line had the highest 
variability between laboratories after FHM cells 
(Table 2, Fig. 2). 

In a recent study, Winton & Batts (pers. comm.) col- 
lected lineages of EPC, CHSE-214, FHM and other cell 
lines from different national laboratories in the USA for 
comparison of sensitivity to IHNV, VHSV, IPNV and 
chum salmon reovirus (CSV). They included open 
inoculation as in the present study as well as an  assay 
for plaquing efficiency and found that the results from 
the 2 tests differed, but were comparable. The goal of 
the study was to compare the detection efficiency of 
cell lines from different laboratories, to screen the cells 
for mycoplasma infection, and to expand the best per- 
forming, mycoplasma-free cells for di.stribution to all 
participating laboratories, which should discard their 
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existing stocks of the lines. The exercise would then be 
repeated regularly. This strategy may also be  an alter- 
native means of making results anlong laboratories 
more uniform within the EU. 

It may be of concern that the variability among labo- 
ratories is large, i.e. more than 100-fold or 2 loglo as  
shown in Tables 1 & 2 (R, 11) and Fig. 2b. However, 
even if the ampoules titrated at DVL at different time 
points gave comparable titers, the ampoules that 
arrived at the European national reference laborato- 
ries may have been subjected to unfavourable temper- 
atures during prolonged transportation, which may 
have lowered the titers. Anlpoules that were stored at 
room temperature and exposed to sunlight for more 
than 6 mo at DVL did not contain any live virus except 
for small amounts of IPNV (ampoule C) .  By collecting 
cell lines from the European laboratories and perform- 
ing the sensitivity test at the EU reference laboratory, 
the possible bias due  to transportation would be  over- 
come. In any case, the large inter-laboratory variability 
demonstrated stresses the need for establishment of a 
common quality control program within the EU. Pos- 
sible guidelines for a quality control program for fish 
cell lines has already been suggested by Lannan 
(1994), including handling of cell lines, quality control 
of reagents and control of contamination. 

Batts e t  al. (1991) also compared sensitivity of differ- 
ent cell lines to European and American strains of 
VHSV and found that FHM cells had much lower sen- 
sitivity to European VHSV, whereas the sensitivity to 
American VHSV was comparable to that of EPC. On  
the contrary, RTG-2 cells had more than an  order of 
magnitude lower sensitivity to the American VHSV, 
whereas the sensitivity to European VHSV was similar 
to that of EPC cells. These findings may be  highly rel- 
evant in the light of the recent findings of VHSV in the 
marine enviroilment around Scotland and Denmark, as 
the marine VHSV apparently differs from VHSV iso- 
lated from farmed fish in freshwater (Mortensen et al. 
in press), and isolates of marine VHSV seem to consist 
of a few major subgroups (Snow et al. in press). 

The finding of virus in negative control samples by 
some laboratories focused on the problem that even 
relatively simple virus cultivation tests can result in 
false positive reactions. This problem has not been 
taken into account in the EU Council Directive 
91/6?/EEC (1991) or in the OIE Diagnostic Manual for 
Aquatic Animal Diseases (Blancou & Hastein 1997). At 
subsequent revisions of the 2 guidelines, the problem 
of false positive reactions should be  considered (e.g. by 
including the possibility of retesting tissue samples or 
resampling the fish farm if no epizootiological evi- 
dence of the diseases has been observed) before final 
conclusions as  regards infection on a farm are made. It 
should also be  mentioned that an  inter-laboratory test 

where virus infected material and negative control 
material were handled side-by-side in microtitration 
plates is not directly comparable to routine diagnostic 
procedures where material from different sources 
should be conlpletely separated. 

In conclusion, it seems evident from the literature 
and from the present inter-laboratory testing that fish 
cell lines may vary as  regards virus susceptibility, and 
therefore in case of a survey for 2 viruses like VHSV 
and IHNV it is recommended that 2 different cell lines 
are included. In addition, the cell lines used should be  
examined frequently for mycoplasma and regularly 
(e.g. annually) with respect to susceptibility to the rel- 
evant viruses as  they are biological entities that may 
change over time and this argues for some kind of 
quality control program to harmonize virological 
examinations within the EU. 
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