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Abstract
Haemadsorption using a variety of erythrocytes has been used to detect  intracellular infection
of SHK-1 cells by ISA virus (ISAV), in the absence of a cytopathic effect (CPE). The use of

haemadsorption has  made possible the de-
tection of ISAV in farmed and wild fish in
Scotland in cases where no CPE was detected
in SHK-1 cells.

Infectious salmon anaemia virus (ISAV) is an
aquatic orthomyxovirus that displays high
virulence for Atlantic salmon. The virus was
first isolated on SHK-1 cells from clinically
diseased fish and this cell line remains the cell
line of choice for ISAV isolation (Dannevig et

al.,1995; OIE Diagnostic Manual,1997).  ISA
was absent from Scotland until May 1998
when the first case was diagnosed in Loch
Nevis (Rodger et al.,1998). Since then, this
laboratory has confirmed ISA in 10 further
farms in Scotland (Stagg et al.,1999). The SHK-
1 cell line has been used for virus isolation, as
recommended by the OIE Diagnostic Manual
for Aquatic Animal Health (1997). However,
considering the published evidence for non-
cytopathic replication of ISAV in the AS cell
line demonstrated by haemadsorption using
Atlantic salmon erythrocytes (Sommer &
Mennen,1997) it was decided to investigate if

haemadsorption could be used to demon-
strate the presence of ISAV in SHK-1 cells
prior to the development of CPE.

Haemadsorption was evaluated by  infecting
SHK-1 cells with the Scottish reference strain
of ISAV, 390/98, grown on SHK-1 cells, to
check that haemadsorption could be observed
before the development of obvious CPE as
reported for a Norwegian strain.  Uninfected
cell controls were compared in these tests.
Isolate 390/98 was made from the first site
where ISA occurred in Scotland. The strain
was previously identified by an IFAT proce-
dure similar to that described by Falk et al.
(1998).

SHK-1 cells at pass numbers from 58-72 in 12-
well plates in L-15 medium (Biowhittaker)
supplemented with 40 uM 2-mercaptoethanol
and 4mM L-glutamine were inoculated di-
rectly at  dilutions of 1:5 to 1:125. Plates were
incubated at 14 oC for up to 8 days and then
haemadsorption was carried out using eryth-
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rocytes from  rainbow trout, salmon, rabbit
or donkey. A pilot experiment using a Nor-
wegian strain inoculated into SHK-1 cells in-
dicated that haemadsorption using rabbit
erythrocytes was positive from day 2 post-
infection onwards. Haemadsorption  was car-
ried out after the method of Sommer &
Mennen (1997) except serum-free medium (L-
15/0) was used to wash the erythrocytes  in-
stead of PBS. Briefly, a 0.2% (v/v) suspension
of  mammalian erythrocytes in L-15/0 was
prepared after two washes in L-15/0. Salmon
and rainbow trout erythrocytes were used as
a 0.05% (v/v) suspension.  Medium was re-
moved from CPE negative cultures and 0.5ml
of the red blood cell suspension added to each
well and left to incubate for 45 mins at room
temperature. Then each well was washed
twice with L-15/0 and observed microscopi-
cally for centres of haemadsorbed erythro-
cytes.

Rabbit, donkey, rainbow trout and salmon
erythrocytes haemadsorbed to ISAV-infected
SHK-1 cells  between 3-8 days post-infection.
Haemadsorption of rabbit and salmon eryth-
rocytes is shown in Figs. 1 & 2.  All uninfected
cell controls were negative.

Haemadsorption using either rainbow trout
or rabbit erythrocytes has been applied to di-
agnostic and surveillance tests for ISAV since
August 1999.  Four cases have been seen
where SHK-1 cells were read as CPE negative
at 46 days after first inoculation, including one
blind passage, and haemadsorption was dem-
onstrated positive. In each case,
haemadsorption was followed up by IFAT
identification of ISA virus from the stored
supernatant. In 3 of these cases, tissue sam-
ples were taken from fish showing no clinical
signs of disease.

The practical simplicity and sensitivity of
haemadsorption as a preliminary screening
test for aquatic orthomyxoviruses and
paramyxoviruses argues for its widespread
use in ISA diagnostic laboratories. The test is
quick to carry out and easy to read provided
suitable positive and negative controls are
used. The advantage of haemadsorption is
that virus test wells can be screened as posi-
tive for an aquatic myxovirus in the absence
of CPE. This avoids setting up numerous tis-
sue culture inserts for IFAT staining of ISAV
specific antigen, in the absence of CPE.  Fur-
thermore, adoption of the technique after

Figure 1. Haemadsorption of rabbit erythrocytes
(arrowed) to SHK-1 cells at day 7 post-infection
with ISAV 390/98 (x660)

Figure 2. Haemadsorption of salmon erythrocytes
(arrowed) to SHK-1 cells at day 6 post-infection
with ISAV 390/98. (x660)
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screening for CPE  is already proven in this
laboratory to increase the isolation rate for
ISAV on SHK-1 cells versus screening for CPE
only.
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