
Bull. Eur. Ass. Fish Pathol., 27(5) 2007, 192

Long term monitoring of the virus
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Abstract
This study set out to determine whether serial passages affect the ability of five established fish
cell lines to become infected by viral isolates. Cell line susceptibilities were determined by
routinely performing a viral end point dilution assay. The Bluegill fry (BF-2), Epithelioma
Palpulosum cyprini (EPC) and TO cell lines showed a relatively stable viral susceptibility over
their passage period. The ability of CHSE-214 cells to produce observable cytopathic effect (CPE)
began to reduce dramatically around passage number 290. Analysis of the SHK-1 cell line showed
that observed CPE began to reduce around passage 62, whereas the haemadsorption data
remained constant over this period. One explanation may be that the proportion of leucocyte-
like cells, the subtype preferential for cell lysis, declined with each passage, resulting in less
observable CPE. The other fibroblastic subtype was believed to incorporate the virus, but may
have a reduced ability in producing cell lysis.

*Corresponding author’s E-mail: e.munro@marlab.ac.uk

Introduction
Fisheries Research Services (FRS) routinely
uses cell culture techniques to isolate fish viral
pathogens for diagnostic and surveillance
testing. Five established fish cells lines used
to isolate viruses are Bluegill fry (BF-2),
Epithelioma Palpulosum cyprini (EPC), Salmon
Head Kidney (SHK-1), a cell line derived from
Atlantic salmon (Salmo salar L.) leucocytes
(TO) and finally Chinook Salmon Embryo
cells (CHSE-214). These cultures are primarily
used to isolate viral haemorrhagic septicaemia
virus (VHSV), infectious haematopoietic
necrosis virus (IHNV), infectious salmon
anaemia virus (ISAV) and infectious
pancreatic necrosis virus (IPNV) respectively.

When cell lines are subcultured, variations
may occur which alter their functionality as
well as their susceptibility to certain viruses
over time. For instance, certain genetic

transformations may modify the cell
phenotype, sometimes irreversibly (Freshney,
2000). The composition of cell lines containing
more than one type of cell may vary over time,
with one subpopulation out growing the
others. Slow growing specialised subtypes of
a cell-line may decline with each passage and
result in the cell line losing its specific ability
(McAllister, 1997; Freshney, 2000). For
diagnostic and surveillance testing, a good
laboratory practice would involve using cell
lines at a low passage number and regularly
recovering frozen stocks from liquid nitrogen.
Although extensive research has been
performed on established fish cell lines, little
is known on the way serial passage may
influence their viral susceptibility.

According to EU Commission Decision 2001/
183/EC, cell susceptibility to VHSV and IHNV
must be checked every six months or if a
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decrease is suspected. This test involves a
titration including at least six replicates of
frozen stock virus. A drop by a factor of 2 log10

or more compared to the initial titre deems
the cell line no longer suitable for surveillance
purposes. Evaluating cell susceptibility on a
six monthly basis may not allow diagnostic
laboratories to rapidly detect deterioration in
cell performance. At FRS a viral end point
dilution assay is performed in parallel with
every diagnostic sample and is used as a virus
control. This ensures that cell quality is
maintained and cell deterioration can be
addressed before test sensitivity is reduced.

The objective of this study was to establish
whether serial passages affect the ability of
fish cell lines to become infected by a virus.
The possible reasons behind any variation in
viral susceptibility were also investigated.

During this study, the methods described
below were performed under ISO 17025
accreditation standards.

Material and methods
Cell cultures
The cell lines used for viral isolation were the
BF-2 (European Collection of Cell Cultures,
ECACC 87032603), EPC (European Collection
of Cell Cultures, ECACC 93120820), SHK-1
(Dannevig B., National Veterinary Institute,
Norway), TO (Wergeland H., Department of
Fisheries and Marine Biology, University of
Bergen) and CHSE-214 cell lines (European
Collection of Cell Cultures, ECACC
91041114). These cell lines were cultured
according to previously described methods
(EU Commission Decision 2001/183/EC; EU
Commission Decision 2003/466/EC; Office
International des Epizooties, 2003).

Virus control
End point dilution assays of referenced stock
viruses (Table 1) were performed and used as
positive controls for every diagnostic sample.
These assays include a one line dilution series
of at least six serial dilution replicates of the
stock virus (Table 1). The initial titre of each
virus isolate was determined by TCID50 before

Table 1. Details of each stock virus used, cell line and incubation temperatures.

Virus strain Initial titre Range of end 
point dilutions 

Cell line required 
for isolation 

Incubation 
temperature 

VHSV/DK3592 
(Voldbjerg strain from 
Denmark, serogroup I) 

1.9*108 
TCID50/ml 10-2 - 10-7 BF-2 15°C 

IHN virus 32.87 
(April 1987, first French 

solate from Rainbow trout) 

4*107 
TCID50/ml 10-2 -10-7 EPC 15°C 

TO ISA virus 390/ 98 
(Scottish strain isolated in 

1998) 

7.94 *105 
TCID50/ml 10-3 -10-8 

SHK-1 
14°C 

IPN virus 
(Isolate Sp/ Spjarup, 1998, 

serotype A2) 

2*108 
TCID50/ml 10-2 -10-7 CHSE-214 15°C 
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storage at - 80°C (Table 1) and the titre
determined by the formula of Spearman
Kärber (Mahy & Kangro, 1996).

After an incubation period at the appropriate
temperature (Table 1), CPE was read
microscopically for each virus control using
an inverted microscope. This provided an end
point dilution for each stock virus.

ISAV Haemadsorption
An ISAV haemadsorption assay was also
performed on the SHK-1 and TO cell cultures,
as previously described (Smail et al., 2000).

Statistical method
Most of the data analysed in this study was
collected from 2002 to 2004 for CHSE-214, BF-
2, EPC and TO cell lines, and from 2001 to
2003 for SHK-1 cultures (for diagnostic ISAV
testing, SHK-1 cells were gradually replaced
by the TO cell line from 2002).

A proportional-odds model was used to
analyse the data (McCullagh & Nelder, 1989).
This approach can both describe the trend in
virus titre over the different passages and test
its significance. Formally, the model is written
as:

logit (γ ij ) = θ j + poly(i;r)
where
- γ ij  is the probability that a titre at passage

i has value j or lower (j = -3, -4, -5, -6, -7, -8)
- poly(i ; r) is a polynomial in passage

number of degree r, where r = 0, 1, 2, 3
corresponds to no trend, and a linear,
quadratic and cubic polynomial
respectively

- θ j are cut-points that measure, at any
passage i, the difference in probability of
getting titres of successive values.

The titres are assumed to have a multinomial
distribution with probabilities given by γ ij.
For each data set, a cubic polynomial was first
fitted and then simplified using a backward
stepwise selection procedure. There was
evidence of slight over-dispersion for most
data sets, but no systematic lack of fit. All
significance tests and confidence intervals
were adjusted for over-dispersion where
necessary.

Results
In Figures 1-7, viral titres obtained by end
point dilution were plotted against
corresponding cell passage numbers.
Statistical analysis was performed on both
CPE and haemadsorption data. The graphs
show the model fitted to each data set. The
shaded area gives approximate pointwise 95
% confidence bands on the fitted trend. An
inverted scale was used for the titre axis, so
any variation can be directly interpreted as a
change in the cells viral susceptibility. A drop
in a data point indicates that the cell culture
needed a higher concentration of virus to
show a positive result and thus had a reduced
susceptibility. A rise indicates that the cells
required a lower viral titre and had an
enhanced susceptibility.

Although there was a statistically significant
trend in the viral susceptibility of the BF-2 cell
line to VHSV (Table 2), any changes were
considered as biologically negligible (Figure
1), with CPE showing at an average end point
dilution of close to 10-7/ml.

The EPC cell line also showed a stable
susceptibility to IHNV infection, with end
point dilution averaging close to 10-7/ml over
the analysed passage period (Figure 2).
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Figure 1. BF-2 cells, CPE results. Figure 2. EPC cells, CPE results.
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Figure 3. TO cells, CPE results.
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Figure 4. TO cells, Haemadsorption results.
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Figure 5. SHK-1 cells, CPE results.
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Figure 6. SHK-1 cells, Haemadsorption results.
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Figure 7.CHSE-214 cells, CPE results.
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TO cell susceptibility to ISAV increased until
passage 80 and then stabilised with end point
dilution being recorded between 10-7 to 10-8 /
ml (Figure 3). For the same cell line,
haemadsorption assays detected a more
gradual increase in ISAV susceptibility until
around passage 100, followed by a
stabilisation at a viral end point dilution
nearing 10-8/ml (Figure 4).

SHK-1 cells showed a significant decrease in
ISAV susceptibility after around passage 62,
with end point dilution declining to 10-3/ml
by passage 68 (Figure 5). However, the
haemadsorption results for the same cells
showed a stable viral susceptibility over the
passage period, with an average end point
dilution of 10-6 /ml (Figure 6).

The susceptibility of CHSE-214 cells to IPNV
remained relatively constant until around
passage 290, after which it significantly
dropped by a factor of 3 logs in viral titre
(Figure 7).

Discussion
The use of BF-2 and EPC cell lines for the
isolation of fish viral pathogens is well
documented (Wolf and Mann, 1980).
Lorenzen et al. (1999) stated that for the
isolation of VHSV, BF-2 cells had a higher

sensitivity than other established cell lines.
This study also reported that EPC cells had a
high sensitivity to IHNV. Both cell cultures
have been widely used within the European
Union members states since the
implementation of the VHSV/IHNV
surveillance programme in 1992 (EU
Commission Decision 92/532/EEC). As a
result, culture requirements for BF-2 and EPC
cells are now well understood. The results
obtained demonstrate that both cell lines
remain highly susceptible to the relevant
viruses over a sustained passage period.

It has previously been documented that
CHSE-214 cells were highly sensitive for the
isolation of IPNV (Lorenzen et al. 1999). At
FRS, this cell line has been used to isolate this
particular virus for many years and showed
a good record of morphological stability after
subculturing. However, in this study, CHSE-
214 cells infected with IPNV demonstrated a
significant loss in their ability to produce CPE
around passage 290. This may have occurred
due to the cells undergoing changes in their
characteristics at high passage number, which
resulted in a reduction of their viral
susceptibility over time. Jensen et al. (2002)
demonstrated that CHSE-214 cells were able
to produce Type I interferon (IFN) when
induced by polyinosinic polycytidylic acid

Table 2. The table gives the degree of polynomial fitted to each data set and the significance of the passage
effect. Significant variations were highlighted in bold.

Virus strain Cell line (results type) Degree Significance 
VHSV BF‐2 (CPE) 2 <0.001 
IHNV EPC(CPE) 0 >0.05 

TO (CPE) 3 .015 
TO (Haemadsortpion) 2 <0.001 
SHK‐1 (CPE) 3 <0.001 

ISAV 

SHK‐1 (Haemadsortpion) 0 >0.05 
IPNV CHSE‐214 (CPE) 3 <0.001 
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(poly I:C), which provided protection against
IPNV infection. This IFN production could
have occurred naturally in CHSE-214 cultures
at high passage resulting in a reduced viral
CPE.

Wergeland and Jakobsen (2001) were able to
subculture TO cells more than 150 times
without detecting changes in morphology,
growth or production of ISAV. Similar results
were found during this study, where TO cells
demonstrated a relatively high and constant
viral susceptibility from passage 80 to 126.
Interestingly, a significant increase in viral
susceptibility was recorded before passage 80,
both by CPE and haemadsorption results.

This suggests that before passage 80, TO cells
may have undergone certain changes which
resulted in a rapid improvement of the cell
line susceptibility to ISAV. Further work
would be required to fully understand the
mechanisms behind this increase in viral
susceptibility.

The susceptibility of the SHK-1 cell line to
ISAV, assessed by CPE, began to reduce
around passage 62. A similar loss of
susceptibility to ISAV was previously found
for SHK-1 cell line around passage 80
(unpublished results & B.Dannevig,
pers.comm.). However, haemadsorption
results for SHK-1 showed a stable viral
susceptibility after passage 62.

In SHK-1 cultures infected by ISAV, CPE
results from apoptosis or the normal cellular
death mechanism ( Joseph et al., 2004).
According to Rolland et al. (2002) ISAV
induced CPE was restricted to certain isolated
spots of cell rounding and detachment on a
SHK-1 monolayer, whereas all other areas of

the culture remained unaffected. This
suggests that apoptotic cell lysis was exclusive
to certain areas of the cell monolayer and that
the composition of the cell line population
may play an important role regarding CPE.

Although the SHK-1 cell line has been
developed from leucocyte and more
specifically from a macrophage lineage
(Dannevig et al., 1995; Dannevig et al., 1997),
observation shows that it consists of a mixed
population of cells. Rolland et al. (2002)
noticed at least two morphologically distinct
sub types, including a large proportion of
fibroblastic cells and a smaller population of
cells resembling leucocytes. This paper also
reported that the number of leucocyte-like
cells systematically declined with each
passage in favour of the fibroblastic subtype.
Similar changes in SHK-1 cells morphology
were also noticed in our laboratory. Therefore,
it could be hypothesised that these leucocyte-
like cells may be strongly associated with CPE
and apoptotic cell lysis. As the passage
number increases, the proportion of this cell
subtype decreases in the overall population,
thus reducing the chance of observing a viral
CPE after passage 62.

Haemadsorption is a test relying on the ability
of ISAV to bind to Atlantic salmon
erythrocytes (Smail et al., 2000). This property
is provided by a haemagglutinin which is
incorporated into the host cell membrane and
exposed on the surface (Knipe & Howley,
2001). Atlantic salmon erythrocytes adhere to
infected cells presenting these viral antigens
and form visible clusters on the cell
monolayer. The haemadsorption results
suggest that SHK-1 cells were still able to
incorporate ISAV and permit replication



Bull. Eur. Ass. Fish Pathol., 27(5) 2007, 198

within host cells, even after passage 62. Since
ISAV can infect a wide range of cells (Joseph
et al., 2004) and SHK-1 cells have a high
endocytic capacity (Dannevig et al., 1997), it
is reasonable to suppose that the fibroblastic
cells, which dominate the cell monolayer in
the late passages, were able to incorporate the
virus. However, CPE results would suggest
that these fibroblastic cells may be more
resistant to cell lysis. Similar cases of non-
cytopathic ISAV infection have already been
reported for SHK-1 cultures (Smail et al., 2000;
Rolland et al., 2002). More work would be
required to verify this hypothesis.

In conclusion, performing viral end point
control assays in parallel with sample material
permitted a rigorous monitoring of the viral
susceptibility of five fish cell lines on a day-
to-day basis.  In the long term, it also allowed
the authors to accumulate a large data set and
define with increased accuracy the optimal
range of passage number for the five cell lines
used for diagnostic screening. In this study,
BF-2, EPC and TO cells showed a stable
susceptibility to their relevant virus
throughout the whole passage period.
However, this was not the case for either the
CHSE-214 or SHK-1 cell lines.
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